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PREFACE 

Fluvial environment IS a synthesis of geological, hydrological and geomorphologic 

conditions and processes which includes a wide spectrum of aspects. Bank erosion is a 

major geomorphic process of such environment. However due to the huge amount of 

sedimentation and variation in the flow regime in the river Ganga, it has assumed alarming 

proportion in Maida and the morphology and behavior of Ganga has undergone drastic 

changes. The course of the Ganga continues to change unabated. Since the flow of river 

intercepted at many points, the sedimentation ofthe riverbed has increased. The huge load 

of boulders utilized in anti-erosion works are dislodged every year and deposited on the 

riverbed. Thus the morphology and behaviour of river Ganga has undergone drastic 

changes due to its variation in flow regimes and pattern of sediment transportation. 

The problem has been aggravated since 193l.The villages ofManikchak, Panchanandapur, 

Bangitola and villages of Kaliachak blocks suffer from devastating floods as floods and 

erosion are interlinked. Due to the recession of the bank line large scale displacement of 

the people is taking place as erosion and flooding of large tracks of productive agricultural 

land, human settlements and infrastructure has caused enormous financial loss. This has 

resulted in many problems like that of land reallocation which has created a class of nee

refugees. 

Incorporating these aspects in the proper perspective will contribute greatly to a better 

understanding ofthe fluvio-environmental adjustments and ecological balance in the study 

area. Considering the huge magnitude of its nature and harmonizing the river system with 

the environmental system, effective and environment-friendly monitoring and 

maintenance of activities as immediate solution in relation to land loss problem, 

sympathetic response to rehabilitation of the affected people needs to be done. Thus, the 

present study correlates the various aspects of the fluvial environment with the existing 

gee-environmental scenario of the basin for evolving a suitable strategy for environmental 

planning and resource management. 

Dated The ih May 2012 

Place: Raja Rammohunpur 
~~ 

(Snehasish Saha) 
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Abstract of the Thesis 

Title: BANK EROSION OF THE RIVER GANGA IN BETWEEN RAJMAHAL 

ANDFARAKKA 

v 

The main channel of the River Ganga between Rajmahal and Farakka is shifting 

continuously and steadily to the left since the starting of the last century. The erosion of 

the left bank in this reach is the manifestation of this lateral shift. During last 10 years, 

natural morphological changes of the river reach have resulted in the development of two 

spill channels which are carrying considerable amount of river flow. At present, the river 

is experiencing the tremendous over curvature due to left-ward swing. In 1963, 

Panchanandapur was subjected to serious phases of erosion. But the attack subsided within 

a short span of time. The next phase was predominating near Toffi during the early 

seventies. Charbabupur on the left bank of the river, immediately upstream of the barrage 

was the point of focus in the late 1970s which turned again to Panchanandapur. By 1988 

the bank between Manikchak Ghat and Moynapur was the alarming reach to be eroded 

rapidly. But during the years followed by the late 1980s such focal area lost the vigorous 

rate of erosion and the erosion of the reach immediately downstream got accentuated. 

Following 1990 the lower reach downstream of Moynapur i.e. parts of Domhat, 

Nathinagar, and Khaskol-Panchanandapur bend were the areas to be diminished. The 

situation continued to a faster rate up to 2005. Thus it is evident that the nature of erosion 

in this reach has been manifested to an intermittent nature and attack to the alternate parts 

in the alternate decades and can be generalized by close observations as well as from 

available data. 

The alignment of the abandoned loops and differential settlement lines are similar 

to that of eroding left bank line subsequent to 1922-23 (I & W, West Bengal, 2004). The 

line which joins these pools is named as 'MARGANG' (Dead River). In flood plains such 

relics are indicative of the old paleo features of the river. Thus the interfluve area between 

left bank line of 1922-1923 and the crescent shaped settlement line is indicative of purely 

riverine char lands and incidents of flood. During 2000 to 2006 actually Manikchak

Gopalpur sector (SOl sheet 720/16) was active zone of bank erosion as about 700 m 

shifting of river bank between April 1997 and November 1997 was revealed from the 

-'*- multi-seasonal imagery. Well marked eastward shifting of the Ganga river in comparison 
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to SOl toposheet no 72P/13 (1970-1971) with the help of imagery of 1997 showed that the 

Ganga River swinged to a large extent and engulfed the meander loops of the Pagla river 

(Chakraborty, 1998). At Rajmahal site the river flows through a narrow neck like channel 

of about 2-3.0 km width with an average depth of about 9 m below pond level (+21.96 m 

GTs) of Farakka Barrage. The thalweg skirts the right Rajmahal bank of the river. 

Downstream of Rajmahal the river fans out and within a distance of few kilometers the 

width enlarges to about 10 km to 11.5 km at the bank full stage. The master channel of the 

river Ganga in this reach before taking a curve tum from shields of Rajmahal towards 

Manikchak throws two secondary channels from its right. At present such two channels 

have developed significantly as viewed in the image plan forms of 1997, 1998 and 2003 

from normal to critically developed channels. The Right channel designated as RC takes 

off at location at about 2 km downstream ofRajmahal and RC traverses for about roughly 

17 km (Imagery 2003). Through the channel charlands it finally pours into the master one. 

The average depth of the channel is about 4 m below the pond level. The central channel 

designated as CC flows for a distance of 07 km taking off from the main one again joins 

the same river with an average depth of about 5 m below the pond level. At this level the 

average widths of both the channels are about 550 m and 350m respectively. Such a right 

channel was hardly found in existence prior to1980. Since the Main Channel designated as 

LC started to be swinged and was developed by eastward cutting of the bank taking Malda 

side country soil and reappearance of areal extent of the sand bars on the right of the 

thalweg line ofLC extended. 

The study reveals academic insights into the matter of micro-regional variations in 

erosion from time to time. Analysis and computations over maps, satellite imageries and 

SOl topographical maps make an understandable framework of swinging cum oscillating 

river pattern within an alluvial riverine trajectory, and can be summarized under the 

following heads: 

i) After the super initial phases of 1917-18 the river made a lobe towards east, though 

almost with negligible amplitude of curvature during 1929-1930s, which actually 

culminated during 1970-1971 with a faster rate. 

ii) Starting from 1970s to 1980s via the years 1973, 1974, 1975, 1977, 1980 mainly the 

localities like Dhelparua, Shibganj, Toffi, Charbabupur, up to Laskartola nearer to the 

Farakka Barrage was in attack and slumping was carried out in almost parallel fashion. 
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iii) In the next entire decade for the need of maintenance of hydro dynamism and meander 

cut development with skirting thalweg of the river, the effect was found along 

Manikchak, Moynapur, Domhat section at the northern part of the river comprising the 

year marks like 1980, 1981, 1982, 1985, 1986, to 1990s and liaison or off shock 

effects of lesser propensity was experienced at Panchanandapur, Sakullapur, Khaskol 

areas which have been experienced more or less erosion withdrawal in this period. 

iv) The immediate next phase was of further meander development with sharp meander 

axis top of the meander curve of the river covering localities like Sakullapur, 

Panchanandapur, Khaskol, Jot Kasturi, Birodhi etc. mostly starting from 1995 onwards 

with tremendous severity after 1997, 1998 and 2000 flood effects and continued up to 

2005 with a rate of330-450 hectares of yearly land loss. 

Still the problem is lying with the social framework of the affected areas of Diara 

and is increasing day by day towards more vigorous situations and future projection is 

really not very secured as there is serious possibility of the victim community to be 

redefined after any further inter-state resettlement ofterritory owing to be held. We have 

no right to strictly train the dynamic adjustment of the river within its own trajectory and 

future vision should have objectivities to evacuate the backline settlements at least 3 kms 

from the bank line as during 1997 flood, 600 m shift of the channel along 

Panchanandapur, Birodhi, Sakullapur, and Jotkasturi was found within 5 days of incessant 

rainfall. It is a long drawn record on river dynamics that if one bank is being trained, 

obviously there will be some reactions on the other like pushing back to the other bank 

and that should be untrained to release the reactions for the above mentioned action. 

Actually in case of Ganga, Bhutni and Duani (as because of dwelling sites) have 

obstructed forcefully by circuit embankment mainly, the dynamic reactions which in turn 

leads to the breakage of left bank side structures. Therefore, the main aim is now to save 

the life of hundreds of homeless destitute with a view to provide them new vision towards 

their life expectancy and social well being with flood insurance and to convince people not 

to fight against flood and bank erosion rather to adjust with and be with the flood/erosion 

and thereby to cope up successfully in their natural environ for sustenance. 

Snehasish Saba, 

(Researcher) 
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CHAPTER-I 

Introduction 

1.1 Problem 

Flood and bank erosion since pre historic periods have become one of the 

major aspects of discussion for its direct interaction with physical and socio-cultural 

environment. Bank erosion by large channels and rivers is an important environmental 

issue, as it leads to huge national loss in terms of agricultural land and agricultural 

output. It causes untold misery to a large section of rural population who become 

homeless destitute, a future imposed upon them, for which they are in no way 

responsible; (Sarkar, 2004). Actually alluvial channels play independently and almost 

irrespective of topographic control to erode and to disfigure the playfield i.e. flood 

plains, vigorously. Alluvial channels, as they flow over the easily erodible sediments 

are characterized by time dependent stability factors. Instability is often accentuated 

by changes in sediment load, discharge, and flow pattern and channel geometry. 

Energy disequilibrium, thus generated gives the system entropy a tendency to increase 

with immediate behavioral responses in the form of radiation, avulsion, and Thalweg 

shift and thereby bank erosion. Here in this work such hydro-physical system entropy 

in relation to consequent response in the form of bank slumping, wasting; liquefaction 

etc. is trusted in reality. Though rivers of such sections are always in grasping attitude 

but, since time immemorial, many people in the world have depended on mighty 

rivers for their livelihood (Ramasastri, 2003). Many of the geographers of the world 

are engaged, now-a-days, in prediction of when and where future erosion will occur 

but the extent of such erosion is very uncertain because of the many interacting 

factors involved. In this present work the eastern bank of the river in Maida District 

has only considered for study as the right bank along Rajmahal side is not pronounced 

to bank erosion A river is in a state of equilibrium if the discharge, sediment load, 

sediment size and slopes are delicately balanced, such that there is no change in bed 

elevation in a given reach over a long period of time. A change in any of these 

controlling variables or the imposition of an artificial change by the construction of 

structures along or across the stream will disturb its equilibrium and the stream then 

aggrades or degrades (Ramasastri, 2003). River Ganga in Maida district taking the 
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western margin of the district is a unique example of such instability and is highly 

susceptible to swinging in a serpentine form and thereby resulting into the age old 

problem of bank erosion. Ganga River is eroding its bank at the faster rate (highly up 

to 2007-2008) in the Manikchak (Gopalpur to Ganga bhawan), Kaliachak II and 

Kaliachak III (Pardeonapur) blocks of Maida. In the last decade hundreds of acres of 

land with fertile topsoil and orchards and thousands of houses have been lost, that 

together has given rise to thousands of environmental refugees (Sarkar, 2004). 

Recurrent wet seasons and incessant raining provide the prominences to accentuate 

the vigorosity of the disaster. Till 1931 such phenomena was almost static but started 

to be chronic from the1960s and onwards and the problem has manifested itselfto a 

formidable magnitude during the last % decades. The very recent devastating flood 

and bank failure in this stretch of the Ganga, Ganga-Padma River during August

September, 1998 is the finest example of the existing 'geo-bio-cultural' interactions 

(Chakraborty, 1998). In their natural condition rivers seldom reach to a state of 

equilibrium, even over short reaches. Meandering is one of the means through which 

rivers tend towards the so-called dynamic or quasi-equilibrium state (Ramasastri, 

2003).Here also the river is in such action to meet up that quasi-graded stage creating 

the curvature of steady meandering. The proper understanding of meander 

development and channel pattern changes of alluvial rivers is of vital importance for 

citing varied river valley development and water hazard control structures iri the 

backdrop of proliferation of human settlements in the flood plains. The main channel 

of the River Ganga between Rajmahal and Farakka is shifting continuously and 

steadily to the left since the starting of the last century. The erosion of the left bank in 

this reach is the manifestation of this lateral shift. As many as eight groups of experts 

were appointed by the Central Government, State Government, and project authorities 

to deal with the problem since 1980s. Up to 1978 total area of habitation eroded was 

about 14,335 ha which reached to 310 ha in 1996. During last 10 years, natural 

morphological changes of the river reach have resulted in the development of two 

spill channels which are carrying considerable amount of river flow. Nature has thus 

offered an opportunity of flow diversion through any one of these two newly 

developed channels by way of acceleration of its natural growth. Available annals 

display that the main channel of the river in this reach is oscillating from left to right. 

At present, the river is experiencing the tremendous over curvature due to left-ward 
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swing. In 1963, Panchanandapur was subjected to serious phases of erosion. But the 

attack subsided within a short span of time. The next phase was predominating near 

Toffi during the early seventies. Charbabupur on the left bank of the river, 

immediately upstream of the barrage was the point of focus in the late 1970s which 

turned again to Panchanandapur. By 1988 the bank between Manikchak Ghat and 

Moynapur was the alarming reach in terms of rapid erosion. But during the years 

followed by the late 1980s such focal area lost the vigorous rate of erosion and the 

erosion of the reach immediately downstream got accentuated. Following 1990s the 

lower reach downstream ofMoynapur i.e. parts ofDomhat, Nathinagar, and Khaskol

Panchanandapur bend were the areas to be diminished. The situation continued to a 

faster rate up to 2005.Thus it is evident that the nature of erosion in this reach has 

been manifested to an intermittent nature and attack to the alternate parts in the 

alternate decades and can be generalized by close observations as well as from 

available data. Panchanandapur (Downstream part) was attacked in 1963, early 1970s, 

late 1990s and continuing till now. Manikchak Ghat (upstream part) was attacked in 

late 1980s and again in 2003. 

Earlier reach between Rajmahal and Farakka indicate wide lateral shift of the 

main channel over the years. Survey maps of 1922-1923 and 1936-37 (Topo-Sheet 

nos. 72P/13 and 720/16) show a straight course of almost zero sinuosity between 

Rajmahal and Farakka followed by number of successive crescent shaped abandoned 

paleo channel loops and the crescent shaped settlement lines along the channels near 

the left bank at that time which evident the truth. Recent image plan forms also show 

clearly the existence of a part of this line of demarcation. The alignment of the 

abandoned loops and differential settlement lines are similar to that of the eroding left 

bank line subsequent to 1922-23 (I & W, West Bengal, 2004) (Fig. l.J) .. The line 

which joins these pools is named as 'MARGANG' (Dead River). In flood plains such · 

relics are indicative of the old paleo features of the river. Thus the interfluve area 

between left bank line of 1922-1923 and the crescent shaped settlement line is 

indicative of purely riverine char lands and incidents of flood. The highest elevation 

of this area was low than that of the land outside the settlement line. The existing 

height of these in channel bars or chars near the water edge ranged between 2. 0 to 

3.5m whereas the normal heights of the older bank ranged between 5.5 to 6.0 m .The 

inference drawn obviously is that the settlement line at the extreme left was once the 
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abandoned bank line of the river from where the mighty river skirted to take the line 

roughly joining Manikchak, Enayetpur, Dharampur, Chandipur, Nathinagar, 

Bhawanipur, Mohonpur, Khaskol and Gosainpur following Panchanandapur, 

Rajnagar and Farakka. From such a state the trunk flow of the river gradually swinged 

to the right and in this process left the successive paleo-loops. But such a journey 

towards the massif of Rajmahal was during the starting of the last century and again 

the Thalweg became straight and hugged the right bank similar to that of 1922-1923 

survey. The situation did not last for long periods and started to be skirted to the left 

over the alluvium of the loose 'entisols' that can be traced from the alignment of the 

main channel in the topo sheet (SOl) of 1971.Now the river is facing intermittent 

phase of extreme leftward movement. Presently the reach between Farakka and 

Khaskol receded further inside the country. The reach between Khaskol and 

Manikchak is yet to reach to the extreme left position. Prior to 193 Os the left bank line 

was located far off left to the present one. Between Farakka and Khaskol, the earlier 

bank line was located to the right of the present one and aligned along Gosainpur, 

Hussainabad villages. These focal points demark the location of recent left ward 

movement of the river. During 2000 to 2006 actually Manikchak-Gopalpur sector 

(SOl sheet 720/16) was active zone of bank erosion as about 700 m shifting of river 

bank between April 1997 and November 1997 was revealed from the multi-seasonal 

imagery. Morphological arrangements of the older meander scrolls are indicative of 

further eastward extension of this zone up to Pagla River (Chakraborty, 1998). These 

have been proved within 4 and half years and Pagla-Ganga are no longer separate 

identities after 2003. Well marked eastward shifting of the Ganga River in 

comparison to SOl toposheet nos. 72P/13 (1970-1971) with the help of imagery of 

1997 showed that the Ganga River swinged to a large extent and engulfed the 

meander loops of the Pagla River. Such prediction held true as was exemplified by the 

devastating flood of 1998 in Maida District as a whole. Thus in a nutshell the 

prolonged history of riverine morphometry in the light of river metamorphosis of the 

river Ganga displayed an erratic nature. And in such a way that properties worth to 

several thousands of crores have already been destroyed (Table 1.1 ). 
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Table 1.1 Area ofleft Bank Erosion (Period 1922-23 to 2003). 

Reach 
Area eroded (sq. km) 

Total area (sq. km) 
1922-23 to 1971 1971 to 2003 

Farakka to 
46 38 84 

Panchanandapur 

Panchanandapurto 
58 27 85 

Manikchak 

Total 104 65 169 

Source: I & W. Department, Govt. of West Bengal, 2004. 

At Rajmahal site the river flows through a narrow neck like channel of about 

2.0-3.0 km width with an average depth of about 9.0 m below pond level (+21.96 m 

GTs) of Farakka Barrage. The thalweg skirts the right Rajmahal bank of the river. 

Downstream of Rajmahal the river fans out and within a distance of few kilometers 

the width enlarges to about 10.0 km to 11.5 km at the bank full stage. The master 

channel of the river Ganga in this reach before taking a curve turn from shields of 

Rajmahal towards Manikchak throws two secondary channels from its right. At 

present (pre freshet 2004) such two channels have developed significantly as viewed 

in the image plan forms of 1997, 1998 and 2003 from normal to critically developed 

channels. The channels take their passages through the convex sand bars. The Right 

channel designated as RC takes off at location at about 2.0 km downstream of 

Rajmahal and RC traverses for about roughly 17 km (Imagery 2003). Through the 

channel charlands it finally pours into the master one (MC). The average depth ofthe 

channel is about 4.0 m below the pond level. The central channel designated as CC 

flows for a distance of 7.0 km taking off from the main one and again joins the same 

river with an average depth of about 5.0 m below the pond level. At this level the 

average width of both the channels are about 550.0 m and 350.0 m respectively. Such 

a right channel was hardly found in existence prior to 1980s. Since the Main Channel 

designated as LC started to be swinged and was developed by eastward cutting of the 

bank taking Maida side country soil and reappearance of areal extent of the sand bars 

on the right of the thalweg line ofLC extended. 

On crossing from right bank to the left bank, the thalweg line abruptly hugs 

the left bank i.e. turning diametrically from one to the banks adjacent to Manikchak 

Ghat. From there it follows the course for a distance of about 7. 5 km and again the 

thalweg hugs the left bank near Khaskol and Sakullapur and continue to remain close 

to the bank up to Panchanandapur. On field observations as well reports estimate a 
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near bank depth of averagely 20.0 m below pond level here. The face of the bank is 

almost vertical. The width ratio of the river is almost 1: 10 compared to Manikchak in 

the north and Farakka to the south whereas the av. channel width is 1,500m at pond 

level. The thalweg as viewed in the image plan forms of 2003, it leaves the left bank 

at Panchanandapur and crosses over to reach to the right just upstream of Barrage. 

The straight line or crow fly distance between Rajmahal and Farakka Barrage is only 

29km and the Thalweg is about 43. Skm which indicates a high index of sinuosity. 

1.2 Objectives 

The following objectives have been considered: 

1. To analyse the nature and extent of bank erosion of river Ganga in Maida 

district. 

n. To find out the causative factors of bank erosion. 

iii. To analyse the soil and terrain characteristics ofthe bank ofRiver Ganga. 

iv. Documentation of Spatia-temporal variations of bank erosion along the river 

Ganga in Maida district. 

v. Assessment of bank erosion protection measures taken so far. An attempt has 

also been made to assess the impact of such so called protective measures. 

vi. To assess the socio-economic consequences of bank erosion with reference to 

social disruption, land and property loss, rehabilitation and local agro

economy. 

vn. Suggest remedial measures including (i) short term and (ii) long term 

measures. 

1.3 Methodology 

Study of satellite imageries of different years and morphological arrangement 

of older meander scrolls over the base maps has been done associated with field 

records of river shifting. For understanding the extent of erosion BEHI (Bank Erosion 

Hazard Index) has been performed with that of calculation of horizontal displacement 

of the channel over timeframe taking the thematic maps from secondary sources. 

Study of the bank sections regarding hydraulics of the channel and analysis of the 

river power has been carried out. 
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Study of Published articles, Books, memoires, historical literatures, historical 

maps and sketches has been performed to make out the responsible causative factors 

of bank erosion. Schedule survey was also carried out in this connection to know the 

perception ofthe affected people regarding causative factors ofbank erosion. 

Soil samples of selected spots have been studied in the Pedological 

Laboratory, NBU with special reference to mechanical properties of the bank soil 

(sand, silt, clay content). Also the secondary informations on mechanical composition 

of bank soil have been taken. Soil map of the District prepared by NBSS and LUP 

(ICAR undertaking) has been helped to know the soil characters elaborately. 

Literature study from different sources on drainage and physiography has been helped 

to understand the terrain characters as well as field observations have also been done. 

Superimposition of time series imageries, thematic maps of District Land 

Reform Office, maps ofDepartment oflrrigation and waterways, Govt. ofW.B. have 

been done taking toposheets as base maps (SOl Topo-Sheet No. 720/16 and 72P/13) 

in unity scale to mathematically measure the rate of shifting (Fig.J.2).ln doing so the 

following sites have been taken to perform case treatment (a) Panchanandapur, (b) 

Khaskol, (c) Aswinitola, and (d) Manikchak. 

Study of thematic maps depicting location of spurs, embankments etc. with a 

view to know the negative impact of the structural measures on the riverine ecology 

has been performed. 

Study of local news papers, little magazines, articles has been done. Schedule 

surveys on socio-economic lifestyle of the dwellers have been initiated to investigate 

the ground reality with that of group discussions with the local inhabitants. Secondary 

data records from authentic sources have been taken so far to know the chronological 

records of land loss and agro-economic losses. 

In-depth study of the remedial cum protective measures being used worldwide 

and understanding the fitfulness of them in the concerned study area especially 

treatment of mighty rivers like Ganga has been performed. 
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1.4 Study Area 

Maida Di strict has been chosen as study area as a whole, with reference to site 

study of Panchanandapur and adjacent areas . The district comprises about 3,566.17 

Sq. km area and is located within latitudes of 24°30 ' N to 25°32' Nand longi tudes of 
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87°49' E to 88°33 'E. The district Malda is situated keeping Jharkhand in the West, 

Bangladesh in the east, and Murshidabad district in the south, whereas the River 

Ganga delineates its western boundary and the northern part of the North Dinajpur 

district (Fig. 1.3). 

Manikchak- Gopalpur sector (SOl toposheet No 72 0/16) is an active zone of 

bank erosion along the left bank of Ganga River. About 700 m shifting of river bank 

between April, 1997 and November, 1997 as revealed from the multi-seasonal 

imagery, has been noticed clearly (Chakraborty, 2000). Further study of images 1998, 

2001, 2002 and 2003 reveal evidences of eastward shifting and such extension is 

proved by morphological rearrangement of older meander scrolls. Well marked 

eastward shifting nature of the Ganga River in comparison to SOl Tope-Sheet No. 

720/13 and 720/16 (Surveyed year 1970-1971) further reveals the same progressive 

proceedings in the Khaskol Farakka sector also. 

From the view point of physical set up, the district is divided into 3 identified 

parts, namely, Tal (in the North and North West), Diara (in the Southwest) and Barind 

(in the East). Barind is characterized by undulations with successive mounds and 

depressions, Diaras are alluvial lands created mainly by the joint action of deposition 

by the rivers Mahananda and Ganga probably in the Pleistocene-Holocene (Recent) 

age. The Tal tract is dotted with many small depressions or lakes which are practically 

low lying areas. Being in the alluvial flood plain with a mean flow of 3,400 cusecs 

year -l and a bed slope of 1 in 21,000; river Ganga flows in a meandering stage 

(Mazumder, 1992). 

The river enters the district near Gaduri of Bhutni char of Manikchak block 

and flow for a length of 172 km including its tributaries and leaves far below 

Panchanandapur of Kaliachak block. Till 1931 the reach of the river was more or less 

straight between Rajmahal and Farakka, but after the construction of the Farakka 

Barrage meandering of the river towards the left bank reached to a vigorous situation. 

To be specific it is also to be noted that the reference of the study area has been 

elaborately viewed by arranging the Tope-Sheets with reference numbers 720/13, 

720/16 and 720/14 (remaining parts up to Farakka Barrage). 
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1.5 Review of Literatures 

The following aspects of review of literature related to river migration studies 

have been done as discussed below: 

1.5.1 Channel Geometry related works 

Knighton in 1972 studied distinctive attitude of rivers with single or multiple 

channels even single channel having occasional development of islands. Single 

channels have also been described specially meandering called as wandering. In the 

Soviet literatures, up to eight mender processes are distinguished, for example works 

of Makkavyeyev, et a!, 1969, kondart' yev, 1968 and Kulemina 1973. Crude 

distinction of pattern change involving metamorphosis from single to multiple 

channels has been studied by Schumm, 1969.Now-a-days very recent studies exhibit 

illustrated maps superimposed through computer soft wares and plan form building by 

serial air photographs. Related works can be cited as follows, Alexander and Nunally, 

1972, Blench 1969, Brice 1974, Burkham 1972, Everitt 1968, Fahnestock and 

Bradley, 1974 etc. Burkham in 1972, Lewin in 1976, Schumm and Lichty, 1963 

followed such methodology by arranging ground snapped photographs. 

1.5.2 Curve fitting literatures 

Channel loop plan forms (topographical maps prior to 1970s of Maida) 

frequently, but not invariably, have an appealing simplicity of outline which, at least 

in the case of individual bend attitudes have been approximated by various curve 

fitting methods. Langbein and Leopold in 1966 introduced sine curves and Brice, 

1974 came with circular arcs to understand the degree of oscillation or looping of the 

channels. Empirical comparison of loop properties was also studied by Ferguson in 

1973. Some related works are the works of Daniel in 1971, Brice in 1974 etc. Surkan 

and Van Kar, 1969 studied multi-looping having asymmetrical (axis-wise evolution) 

wandering. 

1.5.3 Empirical Works 

Works related to laboratory measurements, survey or photography has been 

used to record changes in channel behaviour. Researchers in this field are Fahrestock, 

1963, Krumbein and Orme 1972, Smith 1972, Leopold 1973 Schumm 1972 etc. 
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Estimated changing hydraulics was done starting from for hours to years specially 

works ofMedock, Schumm and Leopold. 

1.5.4 Historical literatures 

Though traveler's jottings, historical notes, manuscripts of older citizens are 

not easily available, inspite of that little documentation related to historical periods 

may be of worth to quote. Most of the older rivers are accomplished by rapid and lag 

occurrences of bank wasting and successive stages of sedimentations. Morphological 

forms mainly meander scrolls and paleo left outs are the imprints to trace patterns of 

evolving channels. Related works can be quoted, done by Koudart'yuev, 1968 Hickin, 

1974, Schumm, 1972 etc. Though such understanding is decipher in reality but 

Hickin's work of meander curves is considered to be swaggering. For example 

Mississippi River Commission 1931, 1941 conducted serial surveys on river 

morphology for his works. Historical works on Gila River from 1846 to 1970 by 

Burkham, 1972 using cadastral maps, ground photographs and river cross sections, 

and 193 7 was a remarkable study to follow up till the date. Documentary related 

literatures like J.C.Sengupta's District Gazetteer of Maida, 1969 and M.O.Carter's 

District Settlement Report, Maida have been of high worth especially for the trusting 

of past day Ganga course and the present day in a comparative manner. 

Physiographical studies especially documents on 'Tal' region of Maida can be better 

received from M.O.Carter's Settlement Report. The location of 'Rarh Banga' has 

been found along the southwestern part of mighty Ganga in the oldest dictionary 

called 'chalantika' and Tabakat-e-Nasiri. Information of abandoned scrolls of river 

Ganga in the northern part of the district around Harischandrapur called by variety of 

local names-Gargariba, Gangoree, Gangnadia, Gangakura, have been quoted in the 

precious records of William Hunter's 'Statistical Account of Bengal', 1813 .Abdus 

Samad's detailed records in his excellent work 'My discovery of ancient Gaur at 

Kandaran and its connected surrounding' and 'Zilla Maldaher ltihas 0 Maida 

Samagra, can be of prominent utility to trace out detailed evidences of the phases of 

river wandering from north to northeast and northwest of the River Ganga. Fairly 

large number of literatures speak that the course of the Ganga has changed 

considerably down the ages. Regional perspectives with reasonable spatial 

information may best be expressed in the works ofO. Mally, 1914; Ray, 1952 and Jao 

Barros, 1950 (works on mapping delineations). 'Rivers ofBengal' edited by Govt of 
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West Bengal illustrates hundreds of date back histories of Bengal delta formation 

starting from south of Sagardighi in South Dinajpur, i.e. the then south eastern part of 

West Dinajpur. Van Den Broucke, 1660 and James Renne! 1764-76 analyzed and 

amplified sharply the three stages of probable shifting of river Ganga, and Ganga 

Padma River from west to east up to 1600 A.D. According to Renne! during 1700 

A.D.Ganga had changed its course considerably and shifted towards its present course 

(to the west) i.e. miles away from the ruins of 'Gauda' (Gaur of Gastaldi, 1561 or 

'Gorij ofBarros, 1550) leaving its former flood plain deposits and some spill channels 

as remnants (Sengupta, 1969). 

1.5.5 Literature of Recent Past 

Chakrabarti (1998) describes the sequential changes in the courses of Ganga, 

Ganga-Padma River system within West Bengal through applied Geomorphological 

studies during pre and post Farakka Barrage period based on the comparative analysis 

of the SOl topo sheets/ Police station maps and multiseasonal satellite imageries. 

Agrawal, et al, (2001) studied the morphology of the river Ganga in its middle reach 

from Buxar to downstream ofFarakka. Cain & Betty (1968) investigated of soil map 

units including alluvial, colluvial and high water table soils. Kiefer (1969) carefully 

analyzed flood plain soils through photo interpretation and utilized panchromatic air 

photos for diagnosis of flood plain features like in channel bars, river scrolls, paleo 

left outs etc. Flood plain delineation using remote sensing techniques took keener 

interest in the works ofMilfred, et al, (1969). Viane (1969) computed and noted that 

alluvial soils are restricted to areas where deposits of alluvium are more than 12 

inches thick. Wolman, 1971 studied alluvium deposits by rivers and he distinguished 

the nature of alluvium and colluviums i.e. deposit of slope wash. Spring floods have 

been studied by Hallberg (1973) for the mapping of extent of flooding of Nishnabotna 

River in Iowa. Morrison & Cooley (1973) carried out spring flood mapping on the 

Gila River in Arizona. Flood inundations and mapping of sedimentation zones caught 

interest in the works of Harker (1974), Rango & Salomonson (1974), Moore and 

North (1974) etc. Same studies by chaturvedi and Mohan in 1983 for the delineation of 

flood inundated areas received pronounced interests using Landsat 3 data of 

September in the southern and eastern Uttarpradesh belt. Ali, et al, (1989) examined 

the applicability of NOAA satellite A VHRR imagery to study river flood frequencies 

with that ~f hydrological conditions in Bangladesh. Nagarjan, et al, (1993) used 
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precise fields of remotely sensed data to study flood and erosion related features of 

river Rapti in U.P using remote sensing techniques. Jha (1993) delineated flood 

inundation areas and river bank side wasting of Pun pun catchment of Ganga Basin in 

Bihar. Wang, et al, (1995) studied flood occurrences and collapsation of settled areas 

using ERS-1 SAR, 1995 of the river Rhine, Waal and Maas in the deltas of Central 

Netherlands. Sharma, et al, (1996) culled panchromatic images of IRS-1A, LISS-1 

series with false colour composite (FCC) for the month of July, 1993 in Punjab and 

they concluded that both over flow of channel bed and breaches in embankments of 

rivers and canals caused such disaster. Boni, et al, 1996 precisely analysed the flood 

erosion situations of 4-6 November, 1994 in northern Italy in the perspective of flood 

hazard multi-sensor monitoring using traditional ground based rainfall observations. 

Departmental reports like Irrigation and Waterways, 2000, West Bengal attempted 

details of bank line collapse, remnants of waste and slip off slopes with official 

records and computations and as well elaborations regarding measures taken to anti 

erosion achievements. K. Mazumder (200 1) studied hydraulics and water resources of 

river Ganga using 30 years ofhydrographs with rating curve statistics. 

Among the competent workers in this field one of them is K. Rudra who clearly 

discussed the socio-political and physical issues emerging with Ganga erosion in the 

district Maida in his study titled 'Ganga Bhangan Katha: Maldaha-Murshidabad' in 

2002.P. Sen ·in 2005 studied the problem of bank erosion from engineering point of 

view and analysed the responsibility of Bhutni Diara embankment behind such 

occurrences. R. Basu in 2005 studied river dynamics of Bengal in the post Farakka 

periods taking the case of River Bhagirathi Hugli. S.Sarkar studied detail 

morphometry of River Mahananda with various hydrological aspects. J. Das, T. Dutta 

& K. A. Sarafin 2007 endeavored to identify the change detection of the Barak River 

in N.E. India by studying alluvial erosion and course oscillation. Rudra in 2000 

clearly performed works on flood problems ofNorth Bengal and related the reasoning 

of bank slumping to river dynamics with broad physiographic analogy ofBengal Gap. 

S. Chowdhury in1998 studied the social realm of the bank side inhabitants and 

presented data base on erosion loss. K. Rudra in1999 clarified the reasons behind such 

disaster in between Rajmahal and Farakka and titled his work 'The Encroaching 

Ganga in West Bengal'. Works conducted by NYSDEC (New York State Department 
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of Environmental Conservation) prepared check list analysis and developed 

worksheet based bank erosion measurement ofBoquet River in USA, 1994, and 2002. 

A. Simon, J. Eddy, J. Langendoen, and R. Thomas etc. in 2004, U.K worked on bank 

toe erosion by hydraulic shear and bank stability analysis by building up standardized 

model studies. 

0. Wilson, and Samuel, Department of Earth Science, University of South Alabama, 

2003 studied on erosion and stream bank protections. L. David & P .H. Rosgen of 

Wild-land Hydrology, Inc. Pagosa springs, Colorado, 1973 to 1990 and onwards 

derived practical methods of computing stream bank erosion rate of West Fork 

Madison River and River Montana. Julian, Jason, Raymond Torres in 2005, 

Department of Geological Science, and University of South Carolina profoundly 

discussed hydraulic erosion of cohesive river banks by attempting flow 

measurements, and critical shear stress study. Not only these dozens of little 

magazines, convention reports, Agriculture Annual plans, Flood analysis reports of 

the office of the District Magistrate, Maida, reports of DLLRO office, Maida and 

informations from the Department ofirrigation and Waterways, West Bengal etc. 

helped a lot. 

References 

1. Chakrabarti, P. 1998: Changing Courses of Ganga, Ganga-Padma River System, 

West Bengal, India-RS data Usages in User Orientation, State RS Centre, 

DST and NES, Govt. of West Bengal, Salt Lake, vol. 25, Kolkata-91, pp. 

19-28. 

2. Mazumder, S. K. 2001: Training of River Ganga Near Farakka Barrage, ICT Pvt. 

Ltd., HYDRO, New Delhi-110016, pp. 220-221. 

3. Ramasastri, S. K. 2003: Evaluation of Shifting Characteristics of River Ganga 

between Ara and Patna using Remote Sensing Data, May, NIH, Patna, 

chapter-!, pp. 1-4 

4. Sarkar, A. 2004: River Bank Erosion: Geomorphology and Environment, acb 

publications, Kolkata, India, ISBN: 81-87500-19-0, pp. 86-106. 



17 

CHAPTER- II 

Maida District: An Overview 

2.1 Physical set-up 

Ma1da district is the gateway of North Bengal as it generates the passage 

towards the hills ofDarjeeling crossing the Farakka Barrage. The district is under the 

jurisdiction of Jalpaiguri Division of West Bengal. The district is demarcated by the 

state boundary of Bihar in the west and international boundary of Bangladesh in the 

east and the south western margin of the district are delineated by the mighty Ganga. 

It extends up to North Dinajpur district in the North and the southern boundary is akin 

to the Murshidabad district. The river Mahananda flowing north and south roughly 

divides the district into 2 equal parts, corresponding to the old boundary line of the 

Rarlt and Barendra (Lambourn, 1918). The district has been subdivided into 10 

police stations and is faceted into 2 subdivisions - Sadar having Englishbazar as 

headquarter and Chanchal having its headquarter at Chanchal itself. 15 Community 

Development blocks are namely- Gazole, Bamongola, Habibpur(in the east)old 

Maida, Englishbazar (in the central part) Manikchak, Kaliachak I, Kaliachak II and 

Kaliachak III (in the west and contextually covering the parts of study area)and 

Harischandrapur I, Harischandrapur II, Ratua I and Ratua II, Chanchal I and Chanchal 

II (in the North) . All the northern blocks abide by the custody of Chanchal 

subdivision and the rest 9 blocks fall under the jurisdiction of Sadar subdivision. 

2.1.1 Relief 

The district slopes generally from the north to the south. The highest elevation 

of the district above sea level is 39.7 m at the place where the health centre at Pandua 

in the Police station of Gazole is situated. Elevations ranging between 30.0 and 39.0 

m above sea level are found in the police stations of Bamongola and Habibpur. The 

other places of the district fall within the elevations between 23.54 m to 3 8. 0 m. The 

slope is gradual as is proved by the meandering courses taken by the rivers flowing 

through the district (Sengupta, 1969). The physiographic make-up of the district is 

obviously an outcome of the gradual infilling of the North Bengal basin together with 

their juxtaposition with the neighbouring Pleistocene land surfaces (Morgan and 

Mcintire, 1959, Sengupta, 1997). Changeable geomorphic associations generated by 

1 0 MAY 2013 250625 
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the age old oscillation of the mighty Ganga, and which redistributes the silt over the 

western parts, result into spatial deformations of the physiography. Analysis of 

historical accounts of Bengal described 3 stage probable shifting of the Ganga, 

Ganga-Padma River from west to east up to 1,600 A.D. Possibly during 1,700 A.D 

the Ganga had changed its course considerably and shifted to its present course (to the 

west), miles away from the ruins of Gauda. Geographically the country land to the 

east ofthe Mahananda is called the Barind and the remarkable characteristic feature is 

the relatively high land of the red clay soil of the older alluvium. West of the 

Mahananda the country is again divided into 2 well defined parts by the Kalindri 

River flowing east from the Ganges. North of the Kalindri the distinguishing natural 

feature is the Tal land, the name applied to the land which floods deeply as the rivers 

rise and drains by meandering streams into swamps or into the Kalindri (Lambourn, 

1918).South ofthe Kalindri lies the most fertile and populous portion of the district. It 

is seemed throughout by old course ofthe Ganges (Lambourn, 1918) upon the banks 

of one of which the city of Gour once stood. The most striking natural feature of the 

Diaras is the continuous line of islands and accretions in the bed of the Ganges. The 

word Diara is actually named for this reason meaning thereby low river banks. The 

diara is the low bank of a river and the Karara, the high bank. By extension these 

terms are commonly used to mean, land below and above flood level, respectively in 

the later alluvium (Lambourn, 1918). 

Contextually the background history of the Bengal alluvium in the Bengal Gap 

keeping Meghalaya plateau at the east and shields of Rajmahal at the West should 

have been discussed here. Prior to Holocene or probably few later, the entire district 

was in long transgression and the mighty river Ganga poured into the Bay of Bengal 

near Gangasagar of present Balurghat in South Dinajpur district (Samad, 2005). Next 

incidents of earthquakes turned the course further south and took a sharp looping 

towards shields ofRajmahal in a south west direction and the new destination of the 

confluence became the Jaluabadhal of Kaliachak block (the then united Kaliachak 

block) and now this place is famous in Maida district by the name Gangasagar 

(Samad, 2005) in his monumental work, 'Natun Abiskarer Aloy Gangasagar: 

namkaran, ltihas, Nana Bishoy Prasongikata o tar Prakrito Abas sthan Katha'). The 

evidences have been proved by analysing the salty marshy red older alluvium in this 

region which is locally called "karkach" which was also called "chama mati" 
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meaning thereby light and shallow layer of silts i.e. older alluvium of Ganges (Carter, 

1935). Later the river transferred to further south with passage oftime and recovery of 

the inundated parts ultimately conformed to the existence of the district and ultimate 

existence of the Ganga confluence with that of the upliftment of the basement of the 

North Bengal basin. The physiographic personality of the district is being discussed as 

below: 

Barind 

It is extending eastward from Mahananda River and is relatively upland tract. 

Barind is composed of mainly the ferallitic materials. In appearance Barind tract is 

undulating in character and presents a dissected appearance (Chakraborty, 1970, 

Sengupta, 1997). It extends to the far east of Mahananda and covers the parts of 

Dinajpur in West Bengal and Rajshahi and Bogora in Bangladesh. There are no hills 

in the district unless a few elevated tracts (Lamboum, 1918). Parts of these highlands 

have an elevation from 50 to 100 ft above the level of the Ganges, and being 

frequently intersected by deep water-channels; stimulate the appearance of small hills 

(Lamboum, 1918). Actually it covers an area of 1, 32,761 ha comprising the Blocks 

ofHabibpur, Bamongola, Gazole and parts of old Malda. As quoted earlier 39.8 m is 

the absolute relief here. Barind is again subdivided into 3 sub terrain characters 

(Ghosh, 2004) (i) Danga-relatively mound parts (ii) Ar-Kandar-altematively dry and 

wet low lands and (iii) Kandar - low lying marshy bogs in between Dangas. General 

pH value of the B arind soil is 5. 1-7. 1 and is identified as low fertile (Ghosh, 2004) 

areas and is also characterized by the presence of 20,000 ponds and Kandars (Ghosh, 

2004). 

The ferallitic components of the top and the sub soils have experienced 

rigorous exposures of sub aerial weathering stimulating the makeup of older 'Rarh' 

i.e. red soils. Longer days of deposits of oxides of aluminum and iron (AhOJ, FezOJ) 

have settled due to absence of efficient drainage (Chakraborty, 1997) at the time of its 

formation i.e. the periods of subsiding Garo-Rajmahal saddle. Rivers like Tangon and 

Punarbhaba in Malda reveals almost no imprint of entrenchment in their profiles, 

though the entire Barind zone had experienced withdrawal of (negative) sea level 

retreat at the time of reclamation of the North Bengal Basin basement from the sea. 

There was little land beyond Barind to support any drainage network at that time 
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(Chakraborty, 1970 & Sengupta, 1997). Due to surface coating by ferallitic or 

oxidized components Barind is suitable for water holding on the ground level 

depressions. More or less it is devoid of good vegetal cover and practices of agrarian 

purposes. 

Tal 

The Tal region is situated to the west of Mahananda River. It is a low lying area 

subject to inundation with the rise of rivers like the Ganges, the Mahananda and the 

Kalindri (Agriculture Annual Plan, 2001). The meaning ofTal is small lakes probably 

replaced by ponds, marshes and bogs (Carter, 1935 & Samad, 2003). All these Tal 

may have been the outcome of the abandoned spills of shifting Ganga. The heels (Tal 

or lakes) throughout the district are the direct or indirect result of fluvial actions, and 

are not due to earth subsidence, as is the case in Rangpur and other districts 

(Sengupta, 1969).There are approximately 29,500 tanks in the district. The steady and 

gradual down slope gradient of the entire Tal is from North to South and North to 

West. Occurrences of clayey flats merge with less compacted silts of Diara. Tal 

encompasses the CD Blocks of both the Harischandrapur (I & II), Ratua and both the 

Chanchal (I & II) covering wide areas of 1, 14,100 hectare (Agriculture Annual Plan, 

200l).As because of low lying configuration, experiences of inundation is common 

by the rivers Mahananda and Kalindri. River borne silts, flood thrashed silts and 

mature beds of alluvium at the time of withdrawal of basement of North Bengal basin 

was the background story of physiographic evolution of the Tal. The important Tal 

tracts are as below: 

(i) Sambalpur Tal (Ratua Police station) 

(ii) Bangarua Tal (Harishchandrapur I Police station) 

(iii)Nunna Tal (Chanchal I Police station) 

(iv) Vaknnia Tal etc. 
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Source:Satellite Imagery .2007. 
Figure 2.1 Physiographic and Drainage personality of Maida District. 

Diara 

The Diara consist of a strip of roughly eight miles in width along the western 

and southern parts of the District. Its form ation is the result of centuries of fluvial 

action by the Ganges, the old channel s of which can still be traced, beginning from 

the present course of the Bhagirathi River beside Gour and ex tending westwards by 

successive stages of repleni shment (Agriculture Annual Plan, 200 I). Diara is the 

result of the river laden siltation that occurred in the moribund beds of the older 
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Ganga or alongside Mar Ganga as viewed in the Topo-Sheet 720/16 and 720/13 

published in 1970-1971. It occupies almost 30.70% ofthe district's total area covering 

an absolute area of 1,99,493 hectare (Agricu!ture Annual Plan 2001) and comprises 

the CD blocks of Englishbazar, Manikchak, Kaliachak I, II & III and fewer southern 

parts of Ratua adjoining Manikchak. Ganga has shifted westward from its old course 

and traces of old paleo-channels still be imprinted in the form of chains of heels 

demarcated by differential settlement lines. Still the existence of chain of heels 

located in the low lying marshy tracts between the Mahananda river and the main road 

from Englishbazar to Gaur. This had been caused by what may be described as 

indirect river action. A silt bearing river tends to build up its banks gradually by 

depositing silt on them, with the result that the strip along the river bank is often of a 

higher level than the interior. When this process has been gaining on for centuries, the 

effect is that the land lying between two rivers is formed like a shallow basin, and its 

level remains low unless it is regularly flooded by the rivers and receives deposits of 

silt. Now at the period when a considerable stream of the Ganges flowed southwards 

along the city's western walls, consequently the level of the land along this old bank 

of the river was high; and it is probable that any flooding further east was prevented 

by the ramparts of Gaur and further north by main road, which then ran northwards to 

Pandua' (Sengupta, 1969). Thus the entire country soil is a play-child of the joint 

action of Ganga and Kalindri which may be a spill channel taking abandoned course 

of old Ganga. 

Bhutni, Gadai and many diaras (chars) i.e. islands are the creation of Ganges 

due to age old siltation and consolidation of layers after layers subjected to the 

formation of the silt bearing islands and thus about 11.28% of the cultivable lands of 

the diara tracts have elevated locations with reeds (Agricultural Annual Plan, 2001). 

Even seven decades before Diara was famous for fruit orchards (Carter, 1935). The 32 

sq. miles areal coverage of Bhutni Char has been originated at the foot of Rajmahal 

hills. Previously the main stream of the mighty Ganga was at the east ofBhutni which 

turned to West ofBhutni from the 1920s (Ghosh, 2004). Historical annals reveal that 

these diaras are made by the hostile and crazy River Ganga were named locally as 

Daridiara (Kaliachak II), Narayanpur Diara (Manikchak) etc. (Samad, 2003).Till 

1810 the master flow was opposite to Rajmahal facing Maida side. During 1875-1900 

AD it again shifted to the central mainland from where backed to west again leaving 
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Kalindri and Pagla. Hunter W.W (ibid, pp., 23) documented that till the end of 1870 

AD the river was near Hayatpur and undoubtedly there was erroneous possibility of 

Ganga-Kalindri piracy resulting into vigorous deluges. Such statement again proves 

the further east location ofthe river in the late 1930s.Bhutni has its closest neighbour 

called Duani char. Diara tracts have been categorized into 2 physiographic units 

Poyosti or alluvial tracts meaning thereby new born charlands and sltikosti or Diluvial 

tracts i.e. inundated fields. Further eastward shifting (Maida side) of the river has 

resulted deformation of the Diara tracts damaging acres of lands in Manikchak, 

Kaliachak II & Ill, few parts of Englishbazar and thereby reclamation of 

'nayacltaras' or new char lands at Jharkhand side is a present-day issue m 

Diaras(fig.2.1). 

2.1.2 Geology 

From the very outset Maida district is exhibiting a geological history of 

alluvial formation. The entire district is a part of Bengal basin extending between 

missives ofRajmahal in the west and Garo-Lusai-Missives ofthe Meghalaya plateau 

in the east. Most ofthe areas ofthe east ofMahananda is occupied by an old alluvium 

formation and is considered to have formed in the Pleistocene period. West of 

Mahananda is occupied by recent alluvium consisting of sandy clay and sands along 

the course of the river and fine silts consolidated with clay in the flatter parts of the 

plain. 

To elaborate the nature and strategraphic sequence of deposition of sediments 

it is worth to discuss the long past history of gee-physiography of Bengal. Actually 

entire Bengal or the massive Bengal delta is located within the mio-geosyncline area 

(Chakraborty, 1970).The echelon faults in the Madhupurgarh, Bhawalgarh and 

Lalmai hills and at the same time the fluvio-glacial deposits in the valleys (fig.2.2) of 

the foothills of Himalayas, the elevated crescent shaped ferallitic-lateritic materials 

along Rarh and Barind etc. evident the complex origination of the final framework of 

Bengal basin. 
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Parts of Midnapur and Purulia exhibit few formations dating back to about 900 

millions year ago. But the Rajmahal volcanoes (Jurassic-early Cretaceous) are the 

most recent evidences of lithological aggradations (Biswas, 1963 and Chakraborty, 

1970). According to the ongoing concepts this area forms a part of the Deccan shield 

and is the contiguous part of the northeastern promontory of the Deccan shield. 

Structural geology promotes to explain that it is separated by the alluvium of the 

Bengal plains and is linked with exposures of Archalan land surface in the 

Meghalaya-Assam hills containing missives of Garo-Khasi hills. These two blocks of 

ancient landforms had originated at the same time under the tectonic processes and 

may be continuous and connected below the deposits of alluvium. Studies on 

underneath geology reveal that the basement complex along the northern margin of 

the Deccan shields slopes to the north facing roots of Himalayas and thus the 

unexhumed hidden basement connects to Assam missives. Another slope direction of 

the basement has been discovered to the southeast i.e. facing the Naga-Lusai mio

geosyncline. Therefore we can assume that the configuration of the basement complex 

of the Garo-Rajmahal Gap is of the nature of a saddle means concave along the east

west axis and convex along the Northwest-southeast axis (Chakraborty, 1970). 

Evidently basement complex in the southern Bengal is associated with lava balls 

contemporary to the Rajmahal traps. During Naga-Lusai orogenesis the southern 

Bengal was subsided during Cretaceous times and which is indicative of chain of 

fluvial and tectonic actions operating over the mio-geosyncline of Bengal basin. To 

evident stratigraphically a section of the Upper Cretaceous limestone and calcareous 

shale overlies the upper Mesozoic basalt flows and associated trap wash. Granite 

washes rocks near Ghatal, Debagram and Jalange deposited under brackish, marshy 

estuarine lagoon or partially littoral environments (Biswas, 1963, Sengupta 1966, 

Sarkar, 2004). Not only the above said Orogenic phases the basin had experienced 

Himalayan orogenesis considerably long before and the two cycles twisted the basin 

to response to the sub crustal plasticity formations resulting upon Garo-Khasi

Rajmahal saddle with thin overlay of recent sediments. Along the southern part ofthis 

saddle between the Ganga and Brahmaputra river locations of Barind can be noticed 

having ferallitic formation with undulated and dissected configuration and is highly 

contrasted by the flanks of alluviums on the north and the south (Chakraborty, 1970). 

Field observations of the nodules of ferallitic rock wastes have been found exposed 
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over the Rajmahal foothills. Actually the prolonged eastern margin of the Deccan 

shield is characterized by lateritic terraces of various ages and separates the ancient 

Archaean formations and very recent coastal alluviums. In West Bengal through the 

districts of Midnapur, Bankura, Birbhum and Maida, we have similar lateritic terraces 

surrounding undulated land surfaces with dissected valley profiles (Chakraborty, 

1970), but due to absence of general lateritic profiles and admixture of heterogeneous 

rocks the formation is questioned and controversial. On the other hand due to 

derivatives of the Rarh laterites transported by the rivers and were spreaded like long 

offshore bars along the Garo-Rajmahal saddle and probably this was the reason of 

such formation as the hinterland had no such rock formation structurally. The laterites 

date to Miocene formation (3 crore years back evident by the fossils in Midnapur and 

Burdwan. Concentration of Ah03 (aluminum oxide) Fe203 (Ferrous oxide) decreases 

from SW toE i.e. along Rarh, Barind, Madhupur towards Lalmai and increment of 

clay to sands became obvious as found in the sandy texture of Rarh. During the 

middle Pleistocene age e' chelon faults started moving turning the basement self and 

by that age the final retreat of the Bay of Bengal took place withdrawing major parts 

of Bengal about 50 to 55 lakh years ago due to negative change of base level along 

the sea. Thus the scenario changed with the progress of the estuaries of the rivers that 

drained the ferallitic-lateritic landscape. That is why that the rivers flowing across the 

Barind did not put signs of entrenchment as there was little land beyond north of 

Barind to support any drainage network. During the late Pleistocene 3 sub tracts were 

created of their own local base levels of erosion and low inlets or connectivity. These 

ares- (a) The North Bengal unit located between the Himalayan foothills and the 

Barind, (b) Sylhet unit located between Assam hills, Naga-Lusai Hills and Madhupur

Bhawal-Lalmai tract (c) The South Bengal Basin having an open sea to the south 

(Chakraborty, 1970). 

These shallow basins with their own local erosional basal surfaces put forward 

their existence with regional orientation of physiography of Bengal till the late 

Pleistocene. 

Due to the ongoing gradational (erosional) activities few distinctive land surface 

associations with their distinctive features came into existence i.e. (a) The 

Chotonagpur Archaean-Gondwana erosional surfaces (b) The Himalayan mountains 
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(c) Shillong Horst (d) Lusai Hills ofChittagong (e) The elevated self forming plains of 

Tippera and Noakhali. 

The North Bengal Basin is limited within Himalayas in the north and Barind 

tract in the south and Barind was somehow disconnected with the Bay of Bengal. The 

left bank tributaries of Ganga were not the members of North Bengal Lake rather 

swamps which used to drain north Bihar and plains of U.P. These rivers mainly 

contributed to the Bengal Gap keeping plateaus of Meghalaya at the east and plateaus 

of Chotonagpur at the west. A traverse from the foot of the Himalayas towards the 

Barind reveals the important land associations-

a) Boulder strewn undulating plains 

b) Sandy Duars 

c) Clayey flats of Tal and 

d) Slow risen Ferallitic Barind 

The tectonic upliftment of the Himalayas caused upliftment of the lake of North 

Bengal Basement. To the north ofBarind Tal tracts with evidences of Terra Rosa and 

anaerobic decompositions and surface swellings were present (Fig. 2.3). 

The formation of history of Bengal Gap is somewhat a combination of 

periodic outcome created age by age. The crumbled sediments found near Jalangi date 

back to about 07 crore years back during Eocene (Sarkar, 2004). A thick pile of fresh 

water sediment was deposited near Jalangi between two phases of extensive Eocene 

marine transgression that covered the whole of Bengal self (Sarkar, 2004).At the west 

of Bengal self there was pressure of estuarine conditions during Oligocene i.e. a 03 

crore years back from Eocene. Whereas shallow marine environment existed towards 

the east (Sarkar, 2004).During late Miocene to Pliocene there was another sea water 

transgression and this sedimentation occurred towards southeast under a deltaic 

condition dating back to 1 to 11
/2 crore years from Miocene. But during Pleistocene 

only shallow marine conditions prevailed in the deeper parts of Bengal basin and 

possibly in the late Pleistocene the culminating retreat of the sea found from the 

Bengal Basin better pronounced Bengal self The recent age of 'Pleistocene 

sedimentation ' composing detritus of sands, silts and clayey particles deposited in the 

Bengal self during 50 lakh of years back is knows as Holocene and that is the most 

up-to-date record of formation. 



TECTONIC FRAMEWORK OF BENGAL 

EXPLANATIONS TO THE LEGEND 
1. EXPOSED SHIELD 
2. BURIED SHIELD 
3. UPLIFTED SEGMENTS OF ZONE 4. 
4. TRANSITIONAL ZONE BElWEEN SHIELD AND GEOSYNCLINE 
5. OROGENIC BELTS 
6. DEEPER PARTS OF NAGA- LUSAT GEOSYNCLINE 
7. THRUST FAULTS 
8. NORMAL FAULTS 
9. HINGES IN THE BASEMENT 
10. DIRECTION OF SLOPE OF BASEMENT. 

[After A.B. Bhattacharya, 1970) 

·.r 
'.l 
/ 

, ( 
... 
. < 

!o 

LEGEND 

1 1~~1 0' 6 

20 07 
3=~8 
4{§ [2]8 
siDJ]f 1-...11o 

28 

Figure 2.3 Tectonic Framework of Bengal with location of Transitional Geosyncline of Bengal Gap 

and Shields (Buried and Exposed). 

Afterwards erosion started following peneplanation of the Bengal basin that 

was exposed in the Pliestocene. Later on river driven Holocene sediments rather 

alluvium varnished the erosional undulations of the Bengal Basin and the term applied 

for such deposition was 'Holocene alluvium' which is the top-most layer of Bengal 

self. Actually starting from Eocene to Holocene was a combination of sub age or 

'syaums' under the Era or Period of Age of Quarternary plus Tertiary which accounts 

to about 7 crore years of existence. Thus the lithological matrix was formed by the 

huge thickness of Quarternary deposits, the upper part of which is truly fluviatile in 

origin. So the entire Pedogenesis was a product from alluvial parent materials and 

Bank erosion has found within the limit of flood plains of the alluvial channels in the 

district of Maida. The hydrologists, the geologists, the fluvial scientists, the 

geomorphologists, the environmentalists, all over the world are trying their best to 
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find the root cause of such natural menace (Bank erosion within Bengal Basin), and to 

formulate a definite way out for the cause of Humanity (Elahi, 1989; Khan & Rashid, 

1985; Sarkar 1993, 1995; Schumm, 1977, 1981). To be specific it can be considered 

that the geology being the intrinsic parameter of the Bengla Basin (table 2.1) is really 

responsible for rapid bank erosion. 

Table 2.1 Geological time scale and formation ofrocks (Bengal Basin Area). 

Period Syaums Representative Rocks Approximate years 

Quarternary 
Holocene (Recent) 

Sand, Clay, Pebbles 50 lakh Pleistocene 

Pliocene, Miocene 
Sand, Clay, Pebble 

'h crore, 3 crore, 4 Tertiary or kainosoic lime and coal (lignite), 
Oligocene, Eocene 

igneous intrusions 
crore, 7 crore 

Secondary or Mesozoic 
Cretaceous, Jurassic Chalk, lime, clay, new 11 crore, 14 crore, 19 
Triassic, Permian reddish sandstone crore 

Carboniferous, 
Coal, stone grit 22 crore, 28 crore, 

Primary or Paleozoic 
Devonian 

carbonated limestone, 32 crore,34 crore, 39 
sandstone crore 

Silurian ,Ordovician 
Old red sandstone 
mainly state and shale 50 crore 

Cambrian 
& some igneous rocks 

Algonkian or Mainly igneous and 
Azoic or Archaean 

Pre-Cambrian 
metamorphic rock and Probably 200-250 crore 
some sedimentary rock 

Source: Bandopadhayay, T, 1996 and Ghosh, 2004. 

2.1.3 Soil 

In connection to the Geology, the district having different physical and 

physiographic characters and is dominantly covered by alluvium of two different 

ages. Older alluvium dominates the Barind region. The southern portion of the district 

receives younger silts of Ganges. The Barind belongs to an older alluvial formation, 

which is usually composed of massive argillaceous beds of a rather pale reddish

brown hue, often weathering yellowish, disseminated throughout which occur Kankar 

and pisolithic ferruginous concentrations (Lambourn, 1918). Such soil is mostly 

acidic and pH of soil varies from 4.2 to 5.5. To the west of the district sandy 

admixtures start to dominate preferably up to a depth of 140 em from top. The low 

lying country to the west of the Mahananda and in the south is of more recent 

formation, consisting of sandy clay and sand along the course of the rivers and fine 

silt consolidating into clay in the flatter parts of the river plain. In Diaras pH varies 

between 6.8-7.8.Whereas low lying Diaras are characterized by dark loam locally 
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known as Matial having higher admixture of clay. Diaras are the end product of 

further extensions of Holocene, a process of 50 lakh and onwards towards till date 

formation. 

Table 2.2 Textural Classification of soil in Maida District. 

Region Block Area in ha 

Sandy Sandy Loam Clay Silt Clay 
loam loam loam 

Barind Gazole .. 500 4060 12647 .. 23382 

Bamongo1a .. 50 1578 4565 .. 10070 

Habibpur .. .. 3123 10246 .. 17861 

OldMalda .. 100 1607 6268 .. 9097 

Tal Harishchandrapur I .. 680 3427 8915 .. 690 

Harishchandrapur II 60 790 4374 9964 .. 1680 

Chanchal I 100 436 3065 6937 .. 1135 

Chanchal II 150 761 5350 11042 .. 915 

Ratual 1200 3270 8991 1168 2500 550 

Ratuall 1000 1971 6893 1368 2000 450 

Diara Englishbazar .. 933 2800 9199 .. 5733 

Manikchak 2257 4788 13102 500 4500 .. 

Kaliachakl 940 1500 5592 600 1500 .. 

Kaliachak II 1518 2500 8541 500 2000 .. 

Kaliachak III 2000 3151 8310 400 2000 .. 

2925 21430 80813 83319 14500 71563 
Source: Agnculture Annual Plan, 2001. 

The characteristic have been presented regarding sand, silt and clay of Diara 

soil (table. 2. 2) above. In a nutshell it is being evident from the above table that the 

presence of hectare of soils having sands and silts and silty loam are high in 

comparison to Barind, where dominance of clay and loam of general mixture is more 

pronounced. Taxonomic classification under comprehensive system has done by the 

Department of Agriculture, Govt. of West Bengal. Diaras are predominantly featured 

by 95% coverage of 'Entisols' and 3 to 5% of' Alfisol', but Tal(s) are characterized 



31 

by 'Inceptisol' covering almost 99 to 100%, and Barind(s) are featured by mainly 

'Inceptisol' and a few proportion of 'Entisol - Alfisol' admixture. Now taxonomy 

wise nature and pedological personality of the 3 above said main types are being 

discussed through the table below (table 2.3). 

Table 2.3 Soil Orders and their characters. 

Name Formative element Major Characteristics 

Derivation Pronunciation 

Entisols Nonsense symbol Recent Profile 
development(little),ochric 
epipedon, common 

Inceptisol L,.inceptnm,begining Inception Embryonic soils with few 
diagnostic features, ochric or 
umbric epipedon cambric 
horizon 

Alfisol Nonsense symbol Pedalfer Argilic or natic horizon, high to 
medium base saturation 

Source: Brady, 2001. 

To assess the major diagnostic assertions with the horizons started from the 

epipedon (top soil layer) are being tabulated below (table.2.4). 

Table 2.4 Major features ofDiagnostic horizons. 

Sl. No. 
Diagnostic Horizon 

Major feature 
With designation 

1 Umbric(A) Thick, Dark coloured, high base saturation, strong structure 

2 Ochric(A) Light coloured, low organic content, may be hard and 
massive when dry 

3 Subsurface Horizons Silicate clay accumulation 
Argilic(Bt) 

4 Natric(Btn) Argillic,High in sodium,Columner or Prismatic structure 

5 Cambric (B) Changed or altered by physical movement or by chemical 
reactions 

Source: Brady, 2001. 

Diara-Entisols association 

These are weakly developed and without natural genetic horizons. These are 

light coloured and low in organic content. Most have an ochric epipedon and a few 

have manmade anthropoid or agric epipedon (Brady, 2001). These are highly 

productive soils on recent alluvium. These are coarse loamy soils occurring on very 

gently sloping active alluvial plain. Loamy soils or loams contain a smaller 
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percentage of coarse and fine sand, but a larger proportion of silt and clay. They are 

less easily permeable but sufficiently so to allow the ample aeration of roots and to 

prevent water logging (Stamp, 1962). Sandy Entisols or silicic Entisols achieve high 

proportion of sands in the Manikchak and Kaliachak block II almost entirely. They 

usually contain more than 60% of coarse and fine sand and less than 10% of clay. 

Sample analysis in the blocks ofManikchak, Kaliachak blocks and very fewer parts of 

Englishbazar exhibit about 90% sub surface sand bands averagely at a depth of 90-

100 m. In these blocks somewhere they are 'Orthents' i.e. medium to fine texture 

mainly along the bank ofthe Ganges. Actually it is associated with recent deposits of 

alluvium in which inert parent materials such as quartz, sand are present in abundance 

and lack of sufficient time has restricted the development of pedogenic horizons. 

Inceptisol-Tal Association 

As discussed previously that Tal reg10ns are the result of dumping of 

Holocene-alluvium in the extended parts of Himalayan North Bengal Lake keeping 

Barind at the west lowlands of Diaras at the south and south east. They are 

taxonomically Inceptisol with thick, dark coloured highly base saturated and strongly 

embedded. Many a time these rocks are hard and massive with swelling surface when 

dry. Inceptisol have ochric or umbric epipedon and I or cambric sub surface horizons 

(Brady, 2001). Subsurface layers are associated with silicate clays, iron oxides and 

poor organic contents. Wet Inceptisol, or Aquepts (from Latin aqua, water), are found 

in areas along the Amazon and Ganges rivers (Brady, 2001). Here soil formation is 

active and mature. Soil texture is finer than loamy sand with moderate to high 

capacity of the clay fraction to retain waters for plants (Sengupta, 1997). 

Inceptisol-Entisol-Aifisol-Barind Association 

Barind is covering the blocks of Gazole, Bamongola and Habib pur where 95% 

areal coverage is falling under Inceptisols and only 3% in Bamongola and 2% in 

Habibpur fall under the Entisol-Alfisol category. Alfisols reveal moderately active 

soil forming process by translocation and without much depletion of base 

(Chakraborty, 1997). These are old fluventic and silt based. These occur on level to 

nearly level old alluvial plain with loamy surface and moderate flooding. These are 

ochric, umbric and also Argilic i.e. light coloured, organic and silicate clay 

accumulation and when characterized by Alfisol features occurring at 2-3% areas in 
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the Barinds. According to NBSS and LUP (ICAR), Nagpur entire Bengal Basin is an 

active alluvial plain in a broad view and is termed as Aa plains (table.2.5). Ecological 

Sub Region wise study reveals that entire Bengal basin is a hot, moist; sub humid 

deep loamy to clayey alluvium (Sarkar, Nayak, Dutta, and Dhyani, 1992). 

Table 2.5 Alluvial Plain (Aa) Active Alluvial Plain (AaA). 

Map symbol Description Taxonomic name 

WOIO Very deep moderately Well drained, coarse Coarse loamy 
loamy soils occurring on level to nearly Aquic ustifluvents 
level active alluvial plain with .loamy Fine loamy typic 
surface. moderately Flooding associated fluvaquents 
with very deep, poorly drained, fme loamy 

won 

W014 

WOlS 

W016 

W017 

W021 

W024 

W029 

soils 

Very deep, moderately well drained, fme Fine loamy, Typic 
loamy soils occurring on level to nearly ustochrepts 
level active alluvial plain with loamy 
surface and moderate flooding 
Associated with very deep imperfectly 
drained, fme soils 

Fine, typic ustochrepts 

Very deep, imperfectly drained, fme soils Fine, typic ustochrepts 
occurring on level to nearly level active 
alluvial plain with loamy surface and 
moderately Flooding 

Associated with very deep, imperfectly Fine loamy Typic 
drained fme loam soils ustifluvents. 

Very deep, moderately well drained, coarse Coarse loamy Typic 
loamy soils occurring on very gently ustifluvents 
sloping active alluvial plain with loamy 
surface. 

Associated with very deep, imperfectly 
drained, fine loamy soils 

Very deep moderately well drained, fme 
silty soils occurring on very gently sloping 
active alluvial plain with loamy surface 
and moderate erosion 

Associated with very deep moderately well 
drained fme loamy soils 

Coarse loamy soils on level to nearly level, 
recent alluvial plan with loamy surface 

Associated with very deep, imperfectly 
drained fme loamy soils 

Fine loamy Fluventic 
ustochrepts 

Fin silty Typic 
ustifluvents 

Fine loamy Fluventic 
ustochrepts 

Coarse loamy Typic 
ustorthents 

Very deep, poorly drained fme soils Fine Aerie Haplaquepts 
occurring on level to nearly level recent 
alluvial plain with clayey surface and mod. 
Flooding 

Very deep, imperfectly drained fine loamy Fine loamy 
soils occurring on very gently sloping Fluventic ustochrepts 
recent alluvial plain with loamy surface 
and moderate Erosion 

Associated with very deep imperfectly 
drained, fme loamy soils 

Fine loamy Typic 
ustochrepts 

Very deep, poorly drained, fine loamy soils Fine loamy Aerie 

Area (1000 
ha.) and(%) 

58.7 
(0.66) 

14.0 (0.16) 

29.8 

(0.34) 

62.1 
(0.70) 

198.7 

(2.24) 

88.5 

(0.99) 

121.3 
(1.37) 

37.1 
(0.42) 

21.5 
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occurring on level to nearly level recent Haplaquepts (0.24) 
alluvial plain with loamy surface 

W027 Very deep moderately well drained, fine Fine loamy Typic 93.0 
loamy soils occurring on level to nearly ustifluvents (1.05) 
level recent alluvial plain with loamy 
surface 

Associated with very deep imperfectly Fine loamy typic 
drained fme loamy soils ustochrepts 

W032 Very deep imperfectly drained, fme loamy Fine loamy Typic 136.0 
soils2 occurring on very gently sloping old ustochrepts (1.53) 
alluvial plain with loamy surface 

Associated with very deep imperfectly Fine loamy typic 
drained fme loamy soils ustorthents 

W033 Very deep, imperfectly drained, fme loamy Fine loamy Typic 38. 
soils occurring on level to nearly level old ustochrepts (2) 
alluvial plain with loamy surface 

Associated with very deep moderately well Fine loamy Typic 
drained, fine loamy soils ustifluvents 

W035 Very deep, imperfectly drained fme loamy Fine loamy Fluventic 32.8 
soils occurring on level to nearly level old ustochrepts (0.37) 
alluvial plains with loamy surface and 
moderately flooding 

Associated with very deep, poorly drained Coarse loamy Aerie 
coarse loamy soils Haplaquepts 

W047 Very deep, poorly drained fme soils Very fme Aerie 102.4 
occurring on level to nearly level low-lying Haplaquepts (1.15) 
alluvial plains witl1 clayey surface and 
severe flooding 

Associated with very deep, moderately Fine loamy typic 
well drained fme loamy soils ustochrepts 

Source: NBSS & LUP, Govt. oflndia, 2005. 

On the basis of the above table the following comprehensive framework (table 

2. 6) can be furnished. 

Table 2.6 Block wise Distribution of AaA soils (Diara soils). 

Physiographic Blocks Map symbols Taxonomy Total Area 
Division 

Diara Manikchak W014 Fine Silty 

Kaliachakl W015 Coarse loamy 
Ustifluvents 

Fluventic Ustochrepts 
4.28% 

Kaliachak II W016 Do 
U sti:fluvents 

Kaliachak Ill do Do 

U stifluvents 

Englishbazar do --
Source: NESS & LUP, Govt. oflndia, 1997, 2005. 
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2.1.4 Drainage 

The main rivers of the district are all of Himalayan and sub Himalayan origin 

and flow averagely in a southerly direction. Their rise is being controlled by the 

Ganges which forms two thirds of the western and the whole of the south western 

boundary of the district (Lamboum, 1918). The district of Maida is drained by the 

Ganga, the Kalindri, the Mahananda and the Tangan rivers (Chakraborty, 1997). 

There are also other rivers like Punarbhaba, Fulahar, Brahmani, Pagla, Buri Ganga, 

Chota Bhagirathi, Behula, Jalangi, Baromasia etc. 

The Ganges 

After completing its middle course the river touches the Sakrigali ghat 

opposite of Shibganj of Bihar and being compelled to be restricted by the Rajmahal 

massives, it takes a southward sweep tum and follows the Garo-Rajmahal Gap of 

Bengal Basin and first enters the district at Gad uri of Bhutni char (Manikchak) which 

is a length of 15 mile extensive right bank sides of diara. At this point the mighty river 

had been connected with the river Kalindri, though now the opening has been dried up 

as the river receded to the west (Fig. 2.1). Doctor Buchanan Hamilton, indeed 

describes, the lower part ofthe Kalindri between this point and the town ofMalda, as 

a branch of the Ganges. About 2 mile below Raj mahal the Ganges sends off a small 

stream, the Chota Bhagirathi which is presumably an old bed of the greater river itself 

and is still revered as at least equal in holiness to any other part of the sacred stream 

(Lamboum; 1918). It runs first to the east and then generally in a southerly direction, 

bordering for about 13 miles the ruins of the city of Gaur. Analysis of historical 

accounts of Bengal described 3 stages of probable shifting of the Ganga and Ganga 

Padma River from west to east up to 1600 A.D. He also mentioned that possibly 

during 1700 A.D. the Ganga had changed its course considerably and shifted towards 

its present course (to the west, miles away from the ruins of Gauda (Gaur of Gastaldi, 

1561 or 'Gorij' ofBarros, 1550) leaving its former flood plain deposits and some spill 

channels as remnants (Renne!, 1976 and Sengupta, 1969). The reason of such shift 

was a result of incessant rain induced deluges and inevitable earthquakes. There were 

dozens ofyears offloods and earthquakes, i.e. 1772, 1784, 1897, 1934 as earth quake 

years and 1871, 1875, 1685, 1906, 1918, 1922, 1933, 1935, 1936, 1948, 1960, 1971 

1980, 1986, till 2004, which caused steady westward shifting (Samad, 2005). A little 
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way further down, the Ganges sends off also to the east, a large branch, the Pagla, into 

which the Chota Bhagirathi ultimately flows. After their junction they flow into the 

Mara Ganga (Lambourn, 1918). During rainy season by the rain feeded 'danras' of 

past day paleo channels Mara Ganga is connected with the main stream, Somewhere 

above the area where river Mahananda finally leaves the district, the Ganga lastly 

sends a river off to the southward direction retaining the name Bhagirathi. Returning 

to the context of Ganga shifting records it is assumed that the old alluvium ofthe tract 

in between Mahananda and city of Gour had seriously been done at the time of 

westward shifting of the mighty river (Ghosh, 2004). An historical instance of wider 

destruction is the complete obliteration of the town of Tanra, an important city of 

Mahomedan times situated near Gour. The town was 1 legue (1 Legue = 4.8km) 

distant from Gour (Ghosh, 2004 & Fitch, 1585). All these may had been resulted from 

bank erosion. Alluvia and Diluvia are perpetually taking place on the Maida bank, 

which is throughout of sand offering little resistance to the changes of the current. An 

ordinary incident in the life of a riverside dweller is the hasty removal of his lightly 

built houses to a new site and the complete disappearance of his land, which reforms 

as sandy charas miles away. Till 1773, as per Rennel's map the location of flowage 

was to the west conforming margins ofRajmahal up to the end of 1930s the shape of 

Bhutni was seriously threatened by the west swinging Ganga to hug the margins of 

Rajmahal hills and the shape ofBhutni reduced (Carter, 1935). But vigorous reversal 

of eastward movement occurred since 1940 to till date. Interestingly the river was also 

engaged during 1870s to entrench the channel of Kalindri and shifted to east well 

apart from Rajmahal and was supported by Buchanan Hamilton in 1870. The bank 

height is steep on the western side, and shelving on the eastern side. Thus taking ages 

long it is witnessed that the river is of the nature of east to west swinging for more 

than or couple of decades resulting into problems of the obliteration of civilizations 

and recurrent troubles of inter-state jurisdiction problem. The river has resulted in 

numerous jurisdiction changes and transfer of Khasmahal estates from one district to 

another (Carter, 1935). For this it was once decided by the Deputy Commissioner of 

Dumka that it might be simpler to fix the inter-provincial boundary by adopting the 

limits of some villages, instead of the main stream. After traversing a distance of 72 

km it leaves the district at Par-Deonapur of Kaliachak III block (Agriculture Annual 

Plan, 2001). 
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The Mahananda 

Mahananda rises in the lower slopes of the Himalayas from Mahaldhiram hill 

near Kurseong and flowing southwards through Pumea district it enters Malda district 

at the extreme north-west comer. It then flows eastwards, approximately along the 

district boundary as far as the limit of kharba Police station where it turns south and 

flows more or less straight through the central part of the district until it falls into the 

Ganges at Godagari (Fig. 2. 1). It flows for 88.6 km inside the district (Sengupta, 

1969). During the flood 1938 surveys of government officials showed a high water 

level of 1,53,329 cusecs (Samad, 2005) and evident its great competency. The river 

has fitted to such a facilitative location that it determines the jurisdiction of the blocks 

of Chanchal (former Kharba), Ratua, Gazole Englishbazar and old Malda. Upto 

Malda the average width is from 50-100 yards. The bank of sand and clay are steep 

and of about the same height. But taking Kalindri it suddenly wides to about 200-600 

yards. It is the main determinant of the boundary between Tal and Barind being 

conjugated with Kalindri. During the last century few changes have taken place in its 

course, but between the dates of Rennel's map it was flowing through the present 

Mara Mahananda along the western boundary ofKharba police station (Carter, 1935). 

At that time Nagore river came out from Mahananda. Buchanon Hamilton found its 

Regur junction with the river Tangon at Aiho ofHabibpur block; from where it leaves 

the district (Carter, 1935). At the North of old Malda the river becomes narrower and 

shallower, as it is above the junction with the Kalindri. It is not a huge silt carrying 

river except to some extent during the rains (Carter, 1935). In the rains when the 

snows melt the river rises to 20 to 30 feet and even more in years of high flood. Thus 

subject to change the course is not pronounced. It is many a time characterized by 

loops, bends, in-channel bars etc. in its course through the district. Regular cuts and 

fill in one bank to another bank, it has abrupt steep bank on one bank side and 

shelving bank on other side. The maximum rise in the level of the river has been 

found to be 30ft. Upto Old Maida it extends for 50-100 yards in width. During flood 

1998 it was vigorous in Englishbazar crossing the Mahananda embankment. 

The Kalindri 

According to Rennel' s map it is simply an offshoot of the eastern branch of 

the Ganges (Carter, 1935). It took off about 2 miles North West ofRatu!l:_,and flowing 
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in a south eastern direction ultimately joins Mahananda at Nimasari of Old Maida 

traversing a zig-zag course. But in another belief it was found that being the tributary 

of Mahananda it came to the district from Hatichapa of Purnea of Bihar adjoining 

(Fig. 2.1). In Hunter's account, evidently followed by the District Gazetteer, it is 

stated that the main body of water is brought down from the hills of Sikkim by the 

Ponor River which assumes the name Kalindri shortly before its entry into the district. 

Hamilton in 1810 believed it as an off shoot of Ganges proper. It empties itself into 

the Mahananda greater but in dry seasons it is simply a line of small pools. It takes 

off a few miles above Rajmahal from mighty Ganges. It follows being off shoot 

course almost east through silts of Ratua block and thereafter taking a sharp bend to 

the south follows a winding course. In the north it receives its tributaries like the 

Kalkos, Kankar, kosa and Baromasia, four small streams which drain the Tal. Due to 

the exotic erosion of Englishbazar-Mathurapur road the river altered its previous 

course before the period of the revenue survey i.e. before 1930s. The bank is high and 

steep where erosion has taken place with resulting into red clay or sandy soil. It forms 

a length of 53 miles (about 15.9km).Its bank with sand and clay are generally steep, 

but sloping banks are observed where proper imprints of Alluvial and Diluvial actions 

took place. It is nowhere fordable in the rains (Lambourn, 1918). From Carter's time 

it was found stagnant pool like water body and since then breeding fields of 

mosquitoes and brings about yearly Malaria. Once the river Fulahar poured into the 

River Kalindri near Mihighat (mouza 162) and the conjunctory could run up to Ratua, 

taking Makaiya, Debipur, and Kahala along its mighty bank. But this channel has 

now been a paleo channel and it has now the present course from Mihighat through 

Bilaimari, Bhaluka Bazar, Banikantitola villages and being joined with Fulahar again 

moves further passing through the villages like Laskarpur, Kalitala, Suoormaraghat, 

Nurpurghat etc. and thus the name has been assigned, Fulahar-Kalindri (Samad, 

2005). It debouches into Mahananda near Nimasari opposite to the Old Maida block 

with darkish, silty and sluggish water. During dry season the reach between Ratua and 

Chandipur becomes almost waterless and is worth to even foot crossing. Between 

Mirjadpur and Araidanga it is somehow watered. But the Milki-Amriti reach is purely 

dried up and this way the river completes its course of 53 miles. Once, the proposal of 

entrenchment of the channel depth to activate regular flow through the river was tried 
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to be done but it was opposed by Adams Williams, the then British officer as because 

ofreduction of deluge through Ganga-Kalindri System. 

The Tangon 

Tangon is the important tributary of Mahananda. It was risen at a junction of 

26° 431N latitude and 88°311 E longitude and has been debouched into the Mahananda 

at a site of24°57'N latitude and 88°141E longitude (Thornton, and Ghosh, 2004). The 

source area of the river has been destructed by the natural calamities. Being originated 

in the district of Jalpaiguri it has passed through Panbara of Bangladesh and crossing 

through Thakurgaon and Pirganj area again entered to Hemtabad of North Dinajpur 

district and then flows downstream over the plains ofBanshihari and Gangarampur of 

South Dinajpur district and has determined the jurisdiction of both the Banshihari and 

Gangarampur thana means police station (Hunter, & Ghosh, 2004). It has entered into 

the district at the boundary of Bamongola and Gazole police stations. The paleo

abandonment of the present Tangon had been found for more than the miles named 

Mara Tangon in the Gazole block, whereas the Chunakkhai nala of Old Maida block 

is the abandoned cut off of the original Tangon. The Tangon - Mahananda junction 

has been metamorphosed over the ages. The river junction with the Mahananda was at 

Ahiriganj, seven miles below the present junction (Buchanon, & Carter, 193 5; Ghosh, 

2004).The remains of a stone bridge near Raniganj on the side of the valleys are also 

considered to indicate that the river has changed its course to its present position 

which is further east . Thus it was assumed that Buchanon Hamilton was correct 

(Samad, 2005, & Ghosh, 2004). It can be stated that the river must have changed its 

course between 1767 and 1810 and later reverted to its original course, because in 

Rennel's map; its junction with the Mahananda is shown at 'Iyo" presently 'Ahoy' 

standing at the present junction. Virtually the confluence was observed for 05 years 

by me during my posting in a school at that place in the block of Habibpur. The river 

is a prominent example of in-channel deposition for the ages. The low lands at the 

confluence of Tangon and Punarbhaba having been created by later alluvium and is 

called 'Dub' i.e. submerging lands (Lamboum, 1918). The total length of the river 

inside the district is 30 miles. 
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The Punarbhaba 

The river is the important off shoot of Teesta and the other two are Karotoya 

and Atreyee. These three make the form of Teesta meaning thereby 3 streams i.e. 

'trisrota' and Punarbhaba is the southern or better say western most off stream from 

Teesta. In the maps of Rennel Punar~haba had been taken off from the River 

Karrotoya (Tabakat-e-Nasiri, Mughals period after Minhaz-e-Siraj and Md. Jakaria). 

During 1787 at the time of the revetment of new Teesta the river started to be 

suffering from regular flow of water. The river having being traversed the South 

Dinajpur district has entered into Maida district through the North-East comer of 136 

no.Nababnagar mouza ofBamongola block. It has transected the Block ofBamongola 

of India and parts of Bangladesh for many a time. For the first time it left India at 

Poali mouza of Bamongola in Maida and has gone to Bangladesh and reappeared in 

the Jot Kabir Mouza (126) ofHabibpur and after traversing, it has finally reached to 

Bangladesh by touching the Anondopathor mouza. The total length of the river in the 

district is 64.4 km or 40 mile (Samad, 2005).Abandoned paleo Channels of 

Punarbhaba still have imprints in the Bamongola and Habibpur districts. For example 

the shallow channel of Nababnagar, Laxminarayanpur and Baturia mouzas in 

Bamongola block still can be noticed. In the past census records and land reform 

maps it is called by name as River Haria or 'Punarbhaba-Haria' as proposed by A. 

Samad in 2005.Though commonly the river is known as 'Punarbhaba Khari' or 

'Mara-Punarbhaba '. 

ThePagla 

Few miles downstream of Gaur one of the eastern distributaries of mighty 

Ganga had been originated and designated as Pagla by W. Hunter. The river Chota 

Bhagirathi has been embodied with Pagla and performs an annular or semi circular 

drainage pattern. The river is present in the Kaliachak II block through the mouzas 

like Paranpur (18), Nayagram (30), Sultanganj {31), Sayer Tanra (155) and 

Kadamtala (185). It joins with Bhagirathi at Kadamtala mouza at the 'Kadamtala 

Nash' site. During the period of 2003 flood the watershed between Pagla and Ganga 

has been totally obliterated and it has been captured by the grasps of mighty Ganga at 

Jot Kasturi and thereafter in the Birodhi mouza of Panchanandapur (Samad, 2005). 
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'Jaharpur Danra, i.e. the nala of Jaharpur which is a distributary of Ganga has 

debouched itself into Mahananda near Kansat of present Bangladesh. 

TheFulahar 

The river Fulahar extends itself for about 100 km or 70 miles more before 

being the important river of Maida. It was originated in the age of Ramayana, the 

great Hindu epic, and takes off from old Mahananda or Mara Mahananda near Bagjob 

and entered into the district. Actually the river has been traversed through Purnea of 

Bihar and near Miaghat ofHarischandrapur (JL. No. 162) it has been renamed to be 

Kalindri. 

Nowhere in English era has the name Fulahar been found. Both Buchanan 

Hamilton and Hunter told about Kalindri and Carter never evident the existence of the 

river. The confluence of Fulahar and Ganga is now at Narayanpur of Manikchak 

block after being traveled Laskarpur, Kalitola, Shankartola villages of Manikchak 

(Samad, 2005). But during the beginning of this century the river used to follow the 

abandoned channel of Kalindri and emptied itself into Kalindri near Mihaghat (JL. 

No. 162) ofRatua and could touch the villages of Makaiya, Debipur, Ratua, Kahala 

etc. that is why the river system between Miaghat and Shankartola was named to be 

Fulahar - Kalindri system. Teljana, Kankhar, Baromasia, Kush, Kalokush etc. are the 

main tributaries of Kalindri contributing huge turbulence into the river and not only 

Ganga herself rather the Fulahar individually and Fulahar-Kalindri jointly acted as 

one of the causative factors of vigorous bank erosion in Maida district. 

The list does stop here regarding the frequency of names of rivers in Maida rather P. 

Ghosh, 2004 and A Samad, 2005 have listed the existence of names of many rivers 

and 'Danras' i.e. abandoned paleo loops in the district. Gazetteer of Maida by 

Lambourn (1918) and J. C. Sengupta (1969) also, in many cases validated the 

existence of rivers in the ancient times. Rennel's map, reports of Hunter, Carter and 

Hamilton also light on the riverine physiography of Maida. A considerable list has 

been provided below. 

Other Rivers 

Some other rivers are quoted below. Most of them are historic, not existing 

presently or have reached to a moribund condition. 
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These are, Bhagirathi, Jahanabi Tulshi Ganga, Baromasia, Teljana, Kankhor, Buri 

Ganga Behula, Jalangi, Brahmani, and Srimati. 

2.1.5 Forest Cover 

Malda district attracts areas of forests as a small portion of drier jungles of the 

Barind formation. In general among the fruit bearing trees, the most common is the 

mango, for which the district is famous. According to M. 0. Carter once there was 

forest association of 150 sq. miles in the Barind of undivided Malda district. Among 

the economic fruits date palm are the most common in the district after mango. Barind 

is also called 'Santhal-Barind' for its wise association of Jack fruits. 

Irrespective of Blocks an analysis on main forested mouzas exhibit the 

following names-Pathor Mahadevbati received about 149.04 acre, Tilasan about 4.70 

acre, Pathor Banpur receives about 157.91 acre, Anandapather about 45.28 acre, 

Kariali 263.84 acre, Patharsivram 13.20 acre, Adina receives 70.71 acre, Saharole 

549.04 acre, Arazi Deherul 2.00 acre, Khoncha Kandar 17.01 acre, Rajarampur 

receives 49.15 acre, Rangamati 8.51 acre, Saluka 468.62 acre, Bhalukkhola 1.72 acre, 

Karchadanga 3.71 acre, Abhirampur 8.03 acre etc. But the new scenario has been 

distorted with the passage oftime and with the growth of population. Old River beds, 

however ponds and marshes, and streams with a sluggish current have a copious 

vegetation of vallisneria and other plants (Lambourn, 1918).Tamarix and reedy 

grasses are highly abundant in the lands subject to inundation. Marshy lands are 

associated with hijal (Barringtonia aculangula). Mixed jungle of pipal, Bat, Simul 

Pakur and mipal bamboos are obvious in the district. Thorny bamboos known as 

bew·bans are common in Pandua and Barind areas. Sal and Palmyra are common in 

Pakurhat. Historical annals reveal that upto 1951 total area under forest in Malda and 

West Dinjapur was 0.68% whereas 82.76% was under cultivation and the figures for 

same references in 1961 was 0.27% and 66.28% of agriculture with a decreasing 

nature. Both the districts had 7,192 sq. km and 8,951 sq. km geographical areas 

respectively for the years 1951 and 1961 (West Bengal Forest Directorate, 1964; 

Govt. of West Bengal). In the following two tables (tables 2. 7 & 2.8) the broad land 

use distribution in Malda and West Dinajpur districts have been discussed below: 
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Table 2.7 Forest and Agriculture scenario in Malda and West Dinajpur Districts. 

Year Total Net area under % of agriculture Area under Other land 
Geograpycal agriculture to geographical forest(%) and water 
area (sq.km) (sq.km) area areas(sq.km) 

1951 7192 5952 82.76 0.68 1191 

1961 8951 5933 66.28 0.27 2994 

Table 2.8 Forest Classes in Malda and W. Dinajpur. 

Year RFs. PFs Unclassed Private Tea Other Total forest 
state PF.s Garden private area 

Forest forests Forests (sq.km) 

1951 - - 1 - - 48 49 

1961 6 8 10 - - - 24 

1964 6 8 10 - - - 24 

Source: W.B. Forest, Forest Directorate, Govt. ofW. Bengal, 1964. 

According to the description found in the records of West Bangal Forests, 

Forest Directorate, Govt. of West Bengal (Centenary commemoration volume 1964) 

the composition and conditions of forests has been subdivided into 2 parts: 

Dry deciduous Sal forest 

In the well drained soils of this division following dominating types can be 

found. Like - Bomax malabarica, Albizzia spp., Amoora Wallichi, Terminalia 

belerica and Terminalia chebula etc. On the other hand in the dry tracts of Diaras on 

semi-laterite areas Madhuca latifolia, Schleichera trijuga and Diospyros melanoxylon 

are also found do occur along with Sal. Undergrowths are also very common in these 

areas having understorey species like Holarrhena antidycentrica; Millettia sp. with 

Phlogacanthus sp. in the areas having higher rainfall (W.B.F., Govt. of West Bengal, 

1966) and mature soil.Indigo fera has been noticed with Sal as undergrowth along 

with Phlogacanthus sp. Quality of teak wood and high density of production is too 

low.Butea monosperma has been found along the fringes of Sal forests which 

regularly get burnt as depicted by Directorate afForest, Govt. of West Bengal, 1966. 

Such forest coverage is obvious in the Barind tracts of Bamongola, Gazole and 

Habibpur block. 

Moist deciduous Hijal forests 

Barringtonia acutangula is the dominant type of this forest which occurs in 

the fresh water swampy land (Beel) in Maida division (Divisional Forest 
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Officer,Planning and Statistical Cell, Writer's Building, 1964). The distribution of 

Hijal is copious in the lower Tal and Diaras with submergable tracts. Piralu i.e. 

Randia Uliginosa is the important species. Towards the fringes of such swamps Ficus 

spp., Bomax malabarica and Asshewra are also common. The undergrowth consists of 

various grasses like Saccharum arundinaceum and Desmostachya bipinnata. 

Phragmites Karka are also found in some places. They remain submerged for two to 

three months of the year under flood water and none but Piralu and Hijal have been 

noticed to regenerate in such areas. 

Mango orchards 

Mango deserves great importance in Maida district. To be very much specific 

it is to be noted prior that bank level slumping and eroding away of mango orchards 

has economically threatened the previous mango production in Maida. Except rolling 

tracts of Barind mango gardens have been found all over the Tals and Diaras having 

replenished silts by the Ganga and its tributaries (Sarkar, 2000). Maida district 

receives 49150.38 acres of mango fields out ofwhich the 4 Police stations ofBarind 

have 4653.72 acres and Old Maida block acquires 3218.41 acres. Most of the orchards 

are located above the normal flood level covering adjacent high bankside fields of 

river Fulahar, Kalindri, Pagla, Bhagirathi and Mahananda (Sarkar,2000). Among 

them Pagla and Fulahar including the mighty Ganga are the most volatile rivers. 

During 1958 about 44,000 acres of mango orchards had been noticed and about 

10,000 acres have been destroyed in the calamity of bank side slumping ofthe river 

Ganga. To be specific block wise break up of area share of mango orchards is being 

furnished below (table 2. 9 ). 

Table 2.9 Block-wise areas under mango cultivation. 

SI. No. Police Station A2ricultural area (ha) Man2o cultivation (acre) 
I Englishbazar 18,752 19339.72 
2 Ratua I & II 31,700 8919.37 
3 Kaliachaks I, II & III 59,207 6311.35 
4 Manikchak 25,346 5459.59 
5 Old Maida 16,534 3218.41 
6 Harishchandrapur I & II 30,630 2249.47 
7 Chanchal (Kharba) I&II 28,891 2217.16 
8 Gazole 40,824 926.56 
9 Habibpur 32,920 304.44 
10 Bamongola 16,061 204.31 

Source: Maida Merchants Chamber of Commerce, 2000. 
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2.2 Socio-Cultural Set up 

Out of the important socto- cultural phenomena in this regiOn the most 

prominents are Demographic setup and their changing economic lifestyle which are 

being analyed in the focus of the group of bankerosion affected victims and their 

economic stay of life. 

2.2.1 Demography 

According to the census 2001 the district receives 32,90,468 persons of which 

30,49,528 (92.68%) reside in the rural area and 2,40,940 (7.32%) in the urban areas 

concentrating chiefly 2 sub divisions, Chanchal and Englishbazar(tab/e 2.10). The 

General demographic features as stated above was 26,37, 032 in total in 1991 where a 

share of 13,60,541 of males and 12,76,491 of females. (Census Hand book ofMalda 

District, 1991). Out of the total 24,50,495 (92.93%) was in rural and only 1,86,537 

(7.07%) in urban areas.The decadal change states that rural dwelling has become 

same or little bit decreased from 1991 to 2001 with a rate of 0.25% whereas urban 

dwelling has increased by 0.25% and signifies a shift of rural to urban population. 

Actually the district has experienced always a positive growth rate in population 

except 1921. 

The following table is showing the time series data on population growth. 

Table 2.10 Decadal change of Population Growth in Maida. 

Year No. of population Variation Rate of variation (%) 

1901 6,03,649 - -
1911 6,98,574 (+) 94,925 +15.72 

1931 6,86,174 (-) 12,400 (-) 1.77 

1931 7,20,440 34,266 +4.99 

1941 8,44,315 1,23,875 +17.19 

1951 9,37,580 93,265 +11.05 

1961 12,21,923 +2,84,343 30.33 

1971 16,12,657 +3,90,734 31.98 

1981 20,31,871 +4,19,214 25.99 

1991 26,37,032 +6,05,161 29.78 

2001 32,90,468 +6,53,436 24.78 

Sources: District Statistical hand book, Maida, 200 1 (Bureau of Applied 

Economics and Statistics), Government of West Bengal. 

Upto 1940 except 1961 and 1971, most of the years of enumeration showed a 

steady growth rate in percentage of population and from 1971 to 1981, there was a 
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reduction recurrence of percentage of rate of variation amounting to 5.99% (31.98-

25.99=5.99) and which is attributed to the shifting and outward migration for 

occupational urge influenced by heavy toll and massacare of households in erosional 

hazards of Ganga mainly in the blocks of Manikchak, Kalichak (I, II, III) and fewer 

parts of Englishbazar. The block Manikchak is comprised of 89 mouzas out of which 

19 have been affected by severe attacks of bank side erosion.Kaliachak I, II, and III 

collectively record 29 of severely threatened mouzas whereas the total numbers are 

66,66, and 75 respectively i.e. a sum of 207 no. of mouzas.In Englishbazar block 

khaskol-Chandipur is the most threatened mouza. In Manikchak, Kaliachak I,II and 

III and Englishbazar about 21.35%, 14.01%, and 0.7% areas respectively have found 

under serial attacks of erosional hazard. 

In the following table(table 2.11) a block wise depiction on the distribution of 

disastrous phenomena on erosion created by Ganga bank erosion has been provided. 

Table 2.11 Report on erosion of affected blocks (1999-200 1) in Malda District. 

Block No. ofG.P*. No. of villages No. of No. of Area under 
effected affected families population erosion 

affected affected (sq.km) 
Manikchak 03 13 1,131 3,500 7.0 
Kaliachak II 01 08 2,720 13,400 3.0 
Kalichaak III 04 06 300 1,500 5.0 
Englishbazar 02 01 800 2,500 0.5 
Total 10 28 2,951 20,900 15.5 

*G.P. denotes Gram Panchayet. 

Sources: Office of the District Magistrate (Disaster Management Cell). 

About 15-20% of population in Manickchak block and about 8678.99 ha have 

been found under severe threats of erosion which actually shows a loss of3556.87 ha 

areal loss from the total areal coverage of the block ofManickchak. On the other hand 

in Kaliachak II about 25-35% of population is under the effect of slumping and 

disruption of settlements and finally shifting of houses and in case of English Bazar 

about 3-5% population and 483.58 ha areal coverage have been found under erosional 

effects.All the erosion affected blocks actually receive heavy working population with 

prime occupation of cultivation, mango orchards, Sericultural rearing and worker as 

daily wage basis. The Total area of the district as supplied by the Surveyor General of 

India is 3,733.00 Sq. km which accounts for 4.21% of the total area of West Bengal 

(Census, 2001) and density of population is worked out as 881 persons per sq.km as 
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per census 2001. Amon_g the 15 CD Blocks Kaliachak I is having the highest 

population of 3,10,935 (9.45%) and Bamongola is having the lowest population i.e. 

only 1,27,252 (3.87%).Demographic structure exhibit a total share of 51.34% of 

males and 48.66% offemales.The densely populous blocks are Kalichak I, II and III. 

Sex ratio has been worked out 968/1000 i.e. ratio of female-male population which is 

obviously indicative of almost good percentage of sex structure. Out of the total 

working population 29.39% are main workers and 11.35% are marginal workers and a 

dependable plus non working population has been recorded of 59.26% (Census, 

2001). Thus the demographic structure of the exhausted blocks should precisely be 

studied (table 2.12). 

Table 2.12 Population Scenario of affected blocks in Maida. 

Block 
Population Sex wise population 

2001 Male Female 

Manikchak 2,14,127 1,10,410 1,03,717 

Kaliachak II & III 
2,11,406 1,08,921 1,02,485 
2,84,376 1,46,876 1,37,500 

English Bazar 1,61,456 82,845 78,611 

Source: District Census Abstract, 200 I. 

From ethnic point of view all these blocks receive a heterogeneous 

composition of the Hindu and Muslim community and Kaliachak II and III is mostly 

dominated by Muslims.In the following three tables here is a try to document a 

relationship of area lost and affected population and the decadal variation of severity 

in the associated blocks of Manikchak, Kaliachak II, III and Englishbazar (tables 

2.13, 2.14, 2.15 & 2.16). 

Irrespective of blocks and mouzas; the following demographic features have found: 

(i) The mouzas have distinguished into two morphologial units namely known 

as diluvial and alluvial mouzas, locally called 'Sikasti' and 'Poyosti' (for 

example: JL Nos. 17 to 25 in Kaliachak II block).During the Census 1981 

probably long period of inundations took place. It had been evident because 

no data available for the mouzas during 1981 census but 12,422 population 

had been enumerated during census 1991 and about 29,785 in 2001 after 

being realluviated and passing a long period of riverine transgression (fig. 

2.4, 2.5 & 2.6). 



----

2s'1sN 

2s'1oN 

MANIKCHAK BLOCK 
Mouzas affected by Bank Erosion 

arssE 

4 
L 

0 
c 

r 

aa'ooE 

SCALE 
0 

km 

U A 
A It 

( 

·y--., / 

\ 
\-;.. 
\ 

4 

't 0 

25' 0SN 

LEGEND 

JL Number of specific mouza. @ 
Bank Line 

Partly affected by Bank Erosion ~ 

Fully affected by Bank Erosion ~ 

* Location of Soil Sample Collection 

25'0oN 

a?'soE 

Source : Revenue Thana Map Series (Ratua Part II), 1930-31 (Compiled by Author), 

aa'ooE 
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F igure 2.5 Affected Mouzas in Bank Eros ion of Kali ac hak(l ,ll &Ill ) Blocks 
(Census Years : 198 1.1991 &200 1). 
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(ii) One year of successful tillage is affected by inundation for the next year 

and thereby shifting of entire cultivator family resulting inot abnormal 

population drop and reappearance of population after prolonged dissipation 

for example Hakimabad in Kaliachak II block bearing Jl No. 23 featured 

by only 8 nos. of population in 2001 having been alluviated and was totally 

uninhabited during census 1981 and 1991. 
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Table 2.13 Mouza-wise distribution of Population and its Changing Pattern in Manikchak block during Census Years. 

Calamity 

Area level No. of Families No. of Population affected 

JL. under (Partly & 
Mouza 

No. threat fully 

(Ha.) destroyed) 
1991 2001 1981 1991 2001 

as on 
09-09-2003 

Gadai 1 1474.28 p 323 427 623 1,637 2,469 
Dergram 9 91.12 p X X Uninhabited Uninhabited Uninhabited 
Rambari 10 656.81 p X X Uninhabited Uninhabited Uninhabited 
Hiranandapur 12 624.84 F 63 NA 414 327 215 
Mashda 13 323.75 p X X Uninhabited Uninhabited Uninhabited 
Bagdukra 14 646.90 p 238 270 1,255 1,475 1,547 
Samastipur 15 244.43 F X X Uninhabited Uninhabited Uninhabited 
Sahapur 16 190.20 F X X Uninhabited Uninhabited Uninhabited 
Duanitafrr 19 612.29 p 80 08 NA 240 42 
Paschim Narayanpur 20 1912.16 p 559 720 2,348 3,132 4,099 
Narayanpur 21 712.66 p 272 373 1,228 1,720 2,299 
Dharampur 82 678.75 p 1,334 523 5,638 8,882 2,798 
Manikchak 83 1254.54 p 1,426 1,216 8,546 8,082 6,280 
Gobindapur 85 116.08 F uninhabited 211 913 Uninhabited 1,077 
Raniganj 84 53.12 F X X Uninhabited Uninhabited Uninhabited 
Rostampur 86 725.20 F X X 10 Uninhabited Uninhabited 
Mirpur 87 315.73 p 79 - 3,173 479 NA 
Rahim pur 88 309.21 F 84 NA 220 470 525 
Gopalpur 89 1293.79 F 1,648 1,172 8,795 11,387 7027 
Total LP=8678.99 Ha. 6106 4920 Blocks total = Blocks total = Blocks total = 

:EP=3556.87 Ha. 1,49,981 1,77,672 2,14,127 Total 
:EP+F= Total effected Total effected effected 
12,234.86 Ha. population population population 

=33163 =37831 = 28378 
% of population % of population % of population 
affected =22.11% affected =21.31% affected 13.25% 
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Table 2.14 Mouza-wise distribution ofPopulation and its Changing Pattern in Kaliachak II block during Census Years. 

Area under Calamity level No. of Families No of Population affected 
JL. (Partly & fully 

Mouza 
No. 

threat 
destroyed) as 1981 1991 2001 

(Ha.) 
on 09-09-2003 

1991 2001 

Pa1ashgachi 1 593.68 F 1731 2163 NA 9,885 13,832 
Piarpur 2 551.19 F 637 1954 uninhabited 3,911 12,802 
Kakribandhajhowbona 3 2738.82 F 1035 988 - 5,587 5,604 
Reiiakpur 4 50.59 F 99 - 515 558 NA 
Kamalluddinpur 5 176.44 F 122 - 638 736 NA 
Mahadeypur 7 535.00 p 818 244 3570 4,522 1,340 
Jotkasturi 8 288.49 p 384 926 1980 2,094 4,491 
Sakullapur 9 118.67 p 304 456 1389 1,609 2,282 
Birodhi 10 99.90 p 1067 1279 4073 5,797 6,579 
Panchanandapur 11 2301.87 p 2871 3975 14152 16,456 21,017 
Dari Joyrampur 12 110.60 F uninhabited - uninhabited uninhabited -
Daskhatia 13 56.10 F uninhabited - uninhabited uninhabited -
Is1ampur 14 121.55 F uninhabited - uninhabited uninhabited -
Hamid pur 15 1364.21 F 567 972 3683 3,538 5,611 
Nityanandapur 16 354.10 F 27 108 uninhabited 166 560 
Jitnagar 17 398.62 F 768 - 2961 528 NA 
Paranpur 18 1033.42 F 1302 1434 - 6,956 8,867 
Ratanlalpur 19 84.81 F 70 96 - 403 604 
Sri ghar 20 926.33 F 505 132 - 3,280 3,801 
Kanchi Jodupur 21 75.27 F 185 200 - 985 1,254 
Begamgachi 22 218.53 F 3 45 - 219 293 
Hakimabad 23 62.32 F Uninhabited 1 - Uninhabited 08 
Mangatpur 24 119.79 F 15 12 - 44 71 
Hosenabad 25 290.16 F 82 113 - 535 692 
Dogachi 26 475.92 F Uninhabited - Uninhabited Uninhabited -
Gajiapara 27 466.20 F Uninhabited - Uninhabited Uninhabited -
Charbabupur 29 513.01 F Uninhabited 32 Uninhabited Uninhabited 178 
Nayagram 30 1022.80 F 913 1314 6960 5,041 6,148 
Jotananta 97 300.91 p 905905 1604 3698 4,758 7,869 
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I.P=6977 13,718 16,385 Blocks total = Blocks total = Blocks total = 211406 
I.F=8471.96 1,13,667 1,63,871 Total effected 
I.P PF=15449.3 Total effected Total effected population 

population population =1,03,903 
=30,919 =77,608 

% of population 
%of %of ~~·l:J population population 
affected affected 
=27.20% =47.36% 

Table 2.15 Mouza-wise distribution of Population and its Changing Pattern in Englishbazar block during Census Years. 

Area under 
Calamity level No. of Families No of Population affected 

JL. (Partly & fully 
Mouza 

No. 
threat 

destroyed) as 1981 1991 2001 
(Ha.) 

on 09-09-2003 
1991 2001 

Khasko1-Chandipur 4 393.93 p 1,105 1,779 4,736 5,839 8,793 
Gopalpur 95 89.65 p 245 370 544 1,244 2,065 
Total UJ=483.58 1,350 2,149 Blocks total Blocks total Blocks total = 

= 1,60,447 = 1,80,434 2,26,236 
Total Total Total effected 
effected effected population 
population population =7,083 
=5,280 =7,083 10,858 

%of %of %of 
population population population 
affected affected affected =4.8% 

- =3.29% =3.92% 
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Table 2.16 Mouza-wise distribution ofPopulation and its Changing Pattern in Kaliachak III block during Census Years. 

Area Calamity level No. of Families No of Population affected 
JL. under (Partly & fully 

Sl. No. Mouza 
No. threat 

(Ha.) 

1 
Gobindorampur 28 1768.49 

2 Babupur 33 65.29 

3 Palgachi 34 357.44 

4 Jagannathpur NA 1039.30 

LP=3230. 
52 

--
P means Partly Eroded, F means Fully Eroded. 
Sources(For Table 2.14 to 2.15): Compiled Data 

destroyed) as 
on 09-09-2003 

p 

p 

p 

p 

-----

(i) Mouza names: D.L.L.R.O, Maida & field visit, 2011. 

1991 2001 
1981 

134 NA 1,038 

405 345 2,154 

1,234 1,319 5,581 

830 2,437 deluviated 

Blocks total 
= 1,44,543 
Total 
effected 
population 

2,603 4,101 
=8,773 

%of 
population 
affected 
=6.07% 

- ---

(ii) JL Nos. and Population (1981, 1991, 2001): Census oflndian Union (District Census Abstract). 
(iii) No. of Families affected: District Census Abstract, 1981, 1991, 2001. 

1991 2001 

636 NA 

2,052 1,799 

7,014 7,197 

5,245 1,2241 

Blocks total 
= 2,14,721 
Total Blocks total = 
effected 2,84,376 
population Total effected 
=14,947 population=21,237 

%of % of population 
population affected =7.4 7% 
affected 
=6.96% 
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(iii) In Manikchak as per Census 2001, 06 mouzas have been found totally 

uninhabited and inundation occurred mostly during 1970s to 1980s; for 

example Gobindapur mouza bearing Jl No. 85 was found as populous as 

913 number of population in 1981 and afterwards found diluviated under 

the grasp of mighty Ganga. 

(iv) Areal shrinkage and overburden of depending cum homeless dwelling is the 

feature of the severely affected block ofManikchak and Kaliachak II. 

(v) Regarding the count of households during the two consecutive census years 

1991 and 2001 in Manikchak block 1,240 households have been obliterated 

from the block map, may there be another reason but the impetus is mainly 

due to abolition of houses in river grasp. On the other hand the scenario is 

more or less stable in Kaliachak II, III and Englishbazar. 

(vi) The following data base states that Kaliachak II block is much affected in 

connection to the number of population victimized and immediately comes 

Manikchak and Kaliachak III accounting to 2.83% year"1 and 1.03% year"1 

and thereby Englishbazar accounting to 0.57% year"1(table.2.17). 

Table 2.17 Block-wise statement of affected Population. 

Block % of population victimized Average 
198l(a) 199l(b) 200l(c) a+b+c No. year-1 

Kaliachak II 27.20 47.36 49.15 41.24 6.19 
Manikchak 22.11 21.31 13.25 18.89 2.83 

Kaliachak III 6.07 6.96 7.47 6.83 1.03 
Englishbazar 3.29 3.29 4.8 3.80 0.57 

Source: Compiled data from District Abstracts 1981, 1991 and 2001. 

The River Ganga associated with Fulahar is the main triggering reason in the 

Northern and North western blocks of Malda district (table.2.18).A considerable 

number of villages in Manikchak, Englishbazar, Kaliachak II & III have been 

vulnerated. 

Block 

Manikchak 

Englishbazar 

Kaliachak II 

Kaliachak III 

Gram Panchyet 

Mathurapur, Dakshin Chandipur and Gopalpur 

Millky 

K.B. Jnowbona 

Birnagar-1 & II, Lakshmipur, Par-Deonapur 
Source: D.M. Office, Maida 
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Table 2.18 Block-wise statement on Impact of Erosion. 

Area 
No. ofG.P. No. of village No. offamilies 

No. of mutilated 
Block 

affected affected affected 
population (sq. km) 

affected 

Manikchak 3 13 1131 3500 7.0 

Kaliachak II 1 8 2720 13400 3.0 

Kaliachak 
4 6 300 1500 5.0 m 

Englishbazar 2 1 800 2500 0.5 

Total 10 28 4,951 15.5 

Source: D.M. Office, Malda, 2003. 

During the last 5 years as many as 34 nos. of villages in the district have been 

totally wiped out in erosion and the people have shifted to other places from their 

home. The total no. of familes affected is about 5, 7 51 and the population affected is 

about 25,400 (Disaster Management Cell, District Callectorate Office, Maida). The 

total loss of area is about 18 sq. km for the last 3 years. 

The Above proforma of statement(table 2.18) is worth to make out the 

mutilation of areas and people from their original areas for the last 3 years (1999, 

2000, 2001 ). 

On field estimations reveal that, out of the population under natural threat of 

erosion i.e. most of the homeless destitutes; about 60% have shifted their dwelling 

places for 3 times, 20% of them for 5 times and next 15% for 6 and 7 times 

respectively, mainly in the blocks ofManikchak and Kaliachak II. 

2.2.2 Economy 

The economy of the district is basically an agrarian one and it is one of the 

most underdeveloped districts in West Bengal. The backwardness is characterized by 

low per capita income,low yield per acre of land, backwardness in Industrialization, 

shortage of capital and entrepreneurship,and also the lack of infrastructure and large 

labour surplus. Being the main stay of the economy the agricultural products are 

paddy, Wheat, jute and Rabi crops. But the position of the district has been somehow 

dignified for raw-silk yarn production and gossamering amounting to about 85% of 

the states yarn output, if taken in term of money it amounts to 400 crores Rs.About 

45,000 acres of land are still covered by mango orchards which in normal years 
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breadfruit to the extent of 3,60,000 tones. The value of which in moneytory terms is 

about Rs. 5.5 crore. Except fewer parts of Barinds almost entire the district is 

abundantly producing mango and the block Englishbazar is dignified for exceptional 

production of 'Langra ', 'Gopalbhog' 'Fazli' 'Laxmanbhog' 'Khirsapati' etc. i.e. 

famous members of mango family.It is followed by the other police stations like 

Ratua, Manikchak Kaliachak, Chanchal (I,II), Old Malda and Harishchandrapur (1,11). 

Original i.e. 'gooti' (indigenous) and grafted i.e. 'Kalam ', both of the mango types 

yield higher percentage of currency. A bumper hyke in production comes once in 4 

years and followed by a bad year in which the production may come down to 25-30% 

of the average production. 

Economy affected by bank erosion deserves great importance now-a-days in 

Malda. For example in 2002 at two important sites near Panchanandapur the 

renovation works were taken up; first was, repairing of the marginal embankment 

from spur no. 17 to onwards about 700 m and, the second one was the rebuilding of 

8th retired embankment , both of which incurred an estimation of about 50 lakhs. 

Now-a-days one of the main economic works here is loading and unloading of 

boulders through boulder carriage boats for tagging of embankments. A big country 

boat can contain 600-2,500 boulder in a single trip and 08 to 09 trips per day per boat 

is the competency level of the boats.But normally 07 trips are completed, because of 

disproportionate workforce of loading and unloading at the ghat.A labour as a boulder 

carrier can take boulders from the boat and keep them at reserve ground can carry 80-

100 boulders per day. The value of each boulder is R. 7.50 of comparatively inferior 

quality and 8.00 Rs. of superior basaltic boulders (field investigation, 2001). Daily 

15,000 number of boulders approximately are brought at Panchanandapur ghat. A 

turnover of nearly Rs. 1,00,000 per day is really a day's story in the peak season of 

tagging. About 13 major and 100 sub agency entrepreneurs had found working during 

2001 like Amplified Engineer and Company; R. K. Enterprise, Ashoke chakraborty 

and Sons. etc. Makintosh Bum Ltd. is one of the leading concerns in this field. 

Labourers in the Tinpahar hills from the 'Khadans' (mines) demand 38 paisa in 2001 

for the carriage of mostly one piece of boulder at a time for the first 3Om of distance, 

then 14 paisa and again 38 paisa for the each and every increment of30 m of distance. 

Similarly those who unload the boulder demand 50 to 60, 60-80 and 80-100 paisa per 

boulder on the basis of the size of boulder-small, medium and massive to carry from 
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the boat to the reserve ground of Ganga Bhawan campus as per field data base in 

2001-2002 (Field investigation, 2001). The digging labours to dig soils for the bund 

demand Rs. 600 for digging of 100 cubic feet area in case of tough soil and Rs. 450-

500 for comparatively soft soil and are usually deployed by the government officials. 

Main turmoil in the economic background is found in the rainy season mainly in the 

form of overburden of works with unseer speculations and irrelevance to real irony 

which indicates the backwardness of economiy in the district and in the concerned 

areas like Panchanandapur, Sakullapur, Khaskol, Domhat, Mayanapur, Dharampur 

Manikchak ghat etc. behind original issues of rescue, rehabilitation, embankment 

tagging etc. But to depose the depressancy of the melachology of the sons of the soil 

is really at stake to the governmental policies. 

On the other hand the present and the past scenario of Panchanandapur, 

Manikchak and adjacent areas near bank in respect of land value (2009) can be 

presented as below which is really despairing from profit point of view(table 2.19). 

Table 2.19 Time series fluctuations in Land Valuation of selected sites. 

Sl. Places 
Land under cultivation 

Land under settlement 

No. (Rs.!Bigha) (Rs/Bigha) 

1998 2003 2008-09 1998 2003 2008-09 

1 Panchanandapur 20,000 10,000 60,000 40,000 15,000 2,00,000 

2 Manikchak ghat 19,000 8,000 55,000 35,000 10,000 1,80,000 

Source: Compiled from field interaction. 

The above table shows that both at Panchanandapur and Manikchak the 

monetary value for areas of agriculture and dwelling both reduced to half during 

1998-2003 and 2004, when acute phases of erosion occurred but again growth in 

value for about 4 time and more during 2008-2009.This can be attributed to the fact 

of char development alongside the main channel and waking up of the central 

channel. Thus land values always have found fluctuating on the basis of expiration of 

land by the exploding Ganges. The river is so facetious in attitude that one precious 

mango orchard tract of about Rs. 1, 00, 000/bigha can be of zero price in the next year 

due to the graspy paws of the river and orchards of 50 to 100 trees can have 

unknowingly gone even to the one seasonal grasp amounting to about 3-5 lakhs of 
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economic value during a normal harvest year and 6-10 lakhs during a successful 

harvest year (verbal interaction, 2002). Grandee and vaterians told in robust that 

winter rice lands, croplands and homestead lands were tradianally valued lands 

compared to regular reed lands and Kalia lands of newer silts. In 1842 the the rates 

were found to be Rs. 1 per bigha (1,600 sq. yards) for homestead and, 4 annas per 

bigha for two crop lands, and 3 annas per bigha for winter rice lands. In 1872 the 

prevailing rates were found to be for two crop lands 8 annas per bigha; boro lands 8 

annas toRs. 3; one crop rabi lands 3 annas to 10 annas, orchard lands 10 annas toRs. 

3 and the higher rates prevailing in the centre of the district and towards the south and 

west (Lambourn, 1918) of the district. From long past 'Adhiar' 'trikhati' 'Hal hasli ', 

all such tenure systems had been found in practice till the end of 'Jamindari'system. 

'Thika' and 'Meyadi' systems to lease orchards of mangoes was a common practice 

which is still operative in another form and with grafted norms. Constant alluviation 

and diluviation resulted into the concept of resettlement in the diaras and even 

through 'Mandals' i.e group of Thinkers of the zamindars. The landlord, by custom 

was allowed to give suitable lands to tenants for their homestead from that in 

possession of other tenants (Bengal District Gazetter, 1918). An purely agricultural 

family after expense of all such needed articles could cash a surplus ofRs. 12/year in 

1888 i.e. about 121 years back (Lambourn, 1918), which is indicative of prosperous 

life style compared to present if a general inflation rate is taken as Rs. 1 to Rs. 100 for 

100 years of span, projected estimations say that Rs. 12 equivalents to Rs. 12,000 of 

present day Which is not possible for present destitutes cum inhabitants. From the 

middle to the beginning of the last century and days forward, small Co-operative 

credit societies were found in Panchanandapur at the the Khas Mahals (Lambourn, 

1918). For winter rice, from time immemorial to the middle of the last century the 

diara people during the cold weather, go with hundreds of carts to the barind and 

beyond to cut paddy or buy it,in exchange or Kalai and money which has now 

retarded due to over diluviation of lands of engagement of workers as daily wage 

labour for barest subsistence. Ruction and competition among the farmers have also 

resulted to the explodation of Kalai fields and bloody village factions to capture the 

realluvions. Slumping of one grange house with cattle shed accounts for the loss of 

averagely Rs. 10,000 and a 5-6 members family of 5 times of homestead shifting 

causes loss of Rs. 50,000 in wash out and Rs. 60,000 for installed resettlements. 
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Another, economic impulses start with the incursion of improvident and inevitable 

issues of embankment and bund making polices having incoherent linkages between 

and among the priority phases of policy implementation. From reliable sources it can 

be estimated that construction of one long spur downstream of Manikchak ghat was 

estimated 12.12 crores. On the other hand maintenance ofbull headed spurs between 

Panchanandapur and Jugaltala incurred 1.12 crores per annum. Strengthening of spurs 

years to year for a single phase requires 10.30 crores roughly. Similarly revetment 

along river requires 28.00 crore for one phase priority work. And repitching from 

reach to reach accounts 50 crores of investment at once. Such immense investments 

without draconian administrative system normally went in vein and many a time 

exploding all in the hossana of beaurocracy and diplomatic decisions. Ministry of 

Water Resource (MWR), Central water Commission (CWC), Planning Commission 

of India (PCI), Ganga Flood Control Commission (GFCC), Farakka Barrage Project 

Authority (FBP A) etc. walked together from 1997 and estimations through 

recommendations have also rested meticulous expenditures which can be made out in 

the foregoing paras. In reality such investment was found really unrealistic. 

Allocation of money was only 20 crore according to the 1oth 5 years plan. On the 

basis of government records estimation of cost for trimming the entire length of the 

channels caused, havoc of investment and ultimately renunciation of the nature in the 

form of damage and derestoration. 

On the basis of above table it can be stated that immense money cum financial 

assistance was incurred and almost went in vein. Now-a-days though the problem is 

almost in stake at few places but incurring of financial investment is still under 

serious demands. 

Thus in a single year if about 6000.00 crores are required for rescue acts 

against a damage of 5,660.05 crores, then over a 10 years of period when the 

frequency of Flood and Erosion becomes 3 times, it will state a need of about 

18,000.00 crores roughly which is really over pressure for any state like West Bengal 

to readily allocate. Not only that, once a property goes to be damaged, its renewal 

does not satisfy the similar competency as before rather it becomes low level resource 

after recapturing or renewal of that. Not going in details for past years (1998-2000), 

the degree of damage and loss in flood 1999 is presented hereunder to give a glimpse 

of idea. 
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1. People affected 2,44,135 

2. Crop damaged Rs. 168.15 lakhs 

3. House damaged Rs. 550.00 lakhs 

4. Total Erosion since 1980 to 1999 3756.00 hect. 

Hence lies the reason for the construction of the retired embankments to at best tackle 

the present situation whereas local people is not ready to spare any furthr land for 

construction of retired embankments. 

Conclusion 

From physiographic point of view the district is receiving very low slope 

character except the swelling parts of Barinds which is indicative of channel water 

stagnancy and possibilities of frequent floods and phases of sedimentation over 

time. On the other hand it receives huge amount of rainfall and quite good number of 

presence of river which are alsos over- burden to carry out the huge discharge as 

overland flow and channelised water specially in the wet season . The net effect is that 

the district has been experiencing long periods of inundation and riverbank erosion 

with that of bank line disruption.From ·demographic point of view the district is 

populous and even the charlands like Bhutni and Duani are also captured by human 

settlements and this is the reason that any calmity related to flood and erosion is 

detremental to destruction of civilization and the relatively poor economy has resulted 

their low degree of revival from these frequently occuring hazardous situations. In 

this chapter the main motive of the author is to view the Geographical personality of 

the district keepin in mind the age old occurences of bank erosion and flood. The 

economic set up of the district specially of the affected blocks is really volatile in 

nature for the local dwellers. Any presupposition cum estimation regarding annual 

profit through agriculture, orchards etc. can be successful or not and in many time the 

mood of the nature. 
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CHAPTER - III 

Bank Erosion: Analysis of Causative Factors 

3.1 Historical Perspectives 

The river Ganga receives prolonged history of migration and shifting. For 

centruris, many people in the world have depended on mighty rivers for their 

livelihood.However, the river has been found migrating , sweeping and ultimately 

removing agricultural land and cities in their path (Gupta,& Philip, 1989).Channel 

migration or channel changes are taken to include any change in river channel 

geometry within the context of the cross section, the pattern or network of a drainage 

basin (Gregon, 1977).To carry out the work mainly secondary sources were used and 

consultastios of the historical, offical, folkstories and diary records of Britishers were 

studied in a manner of cross verification and searching out the general concepts to 

establish the factfulness of the occurrences. It is a try to say that the attitude of mighty 

rivers over their flood plains is an important casuative factor of bankline change 

through erosionMany a time these change detections are associated with flood 

incidents and earthquake activities. Once the river used to flow alongside the 

Bengal's capital Gauda. Renne! stated that 'Gaur ,the ancient capital ofBengal stood 

on the old bank of the Ganges although its ruins are 4 or 5 miles from the present 

bank' (fig.3.1). 

GANGA COURSE : 1781 

N 

+ 

"source: Published according 10 oct of Parliament' 
by J. Rennell Jon. 1st, 1781 

Figure 3.1 Location of Gour city at the east of River Ganga during the end of 17th century. 
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This prove the river had always a tendency to swing towards west from the 

beginning to the middle of the 15th century. 

During 1700 to 1800 centuary Gour was situated at the east of Ganga but the scenario 

changed afterwards. 

The numerous beels throughout the district are the direct and indirect result of 

fluvial action. From the appearance of these abandoned channels, it can be surmised 

that they were originally courses of very much larger rivers than the present streams 

(Sengupta, 1969).The same direct river action is found in the diars where the beels are 

depressions left by the Ganges as it has found successive new courses to the west. 

There is also a chain of beels situated in the low-laying marshy tract between the 

Mahannda river and the main road from Englishbazar to Gour. (Sengupta, 1969). 

Available records show that the main channel of the river in this reach is oscillating 

from left to right and again to left. 

At present the river is experiencing the phase of leftward swing which started 

from the beginning of the last century engulfing large tracts of fertitle lands. This has 

been caused by what may be described as indirect river action (Sengupta, 1969). A silt 

bearing river use to build its own bank over periods by depositing silt and formation 

of high level bank than the interior. Such process continuing for centuries, result into 

the formation of low lying and shallow interfluves in between the rivers, obviously in 

case of the mighly Ganga and its neighbouring Mahananda can have faced such 

morphology of interfluves. 

It was estimated that probably after a great deluge or earth quake, the shallow 

basin part became the further westward channel of river Ganga and the process 

eventually affected the present attainment of the river Ganga hugging the western 

most part of the district away from Gour or Gauda.It is undoubted that a part of the 

mighty Ganges flowed southwards along the city's western wall. Consequently the 

level of the land along this old bank of the river is high; and it is probable that any 

flooding of the countryside areas further east was prevented by the rampart of Gour 

and further north by main road (Sengupta, 1969). This whole process took about 250 

years starting from the beginning of 1500 century to the end of the 1650s to 1700 

century. 'J. the Baros' in 1550 prepared his map where he showed the river Ganga 

was flowing further south of Gobra which issituated in Harishchandrapur 
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PoliceStation. Thus evidences prove that the flow of main Ganga was far off east than 

Gour and enventually Gour came to the bank of Ganga intermitently within this phase 

of prolonged shifting of the river Ganga. In the year 1561 the famous work of 

'Gastaldi' also evident the location of river Ganga alongside the North eastern part of 

Gaur Dynasty (Mijanur Rahaman, A trimonthly bulletin).During 1500 to 1600 century 

Gour was situated at the west of Ganga (fig. 3. 2), just reverse to the fig. 3. 1. 

Sooteex GQ$toh:lf$ McpUS$0 Gotn end ftlv.er G~l~go et" the 
North Ea-st Corner of :Sour 

CQ~Jd>tli:y: Mbonli*r Rotrom(m S. Ab:dus Sonu;d 

Figure 3.2 Location of Gour city at the west of River Ganga during middle of 15th century. 

In 1595 'Irfan Habib' completed his 'An Atlas of the Mughal Empire' and 

there he showed the location of the river Ganga far away west to the Gaur, which 

indicated the shifting of the river almost like the beginning of 1900 century hugging 

the western boundary of the district (fig. 3. 3). Not only this, it also proved the volatile 

swinging of the river over periods. Such position existed more or less same upto 1922-

23 .Abdus Samad also supported the truth in his famous work 'My discovery of 

Ancient Gour at Kandran & its connected surroundings, 1st and 2nd edition and he 

seriously carried out the outcome of the history of 'the nadia sahar in Maida, 

meaning thereby the town ofNadia is in Malda. 

Astonishingly during 1900 centuary the same situation has been found like the 

1700 to 1800 centuary situation. Exponents belive that , these changes of river 

morphology took a prolonged period of about 1150 years, perhaps starting from 

Gupta empire to the beginning of the last century. Actually such incidents were 

associated with high frequencies of flood like 1871, 1875, 1885, 1905, 1918, 1922, 

1933, 1935, 1936, 1948, 1960 and so on.Reconstruction of historical informations 

prove that, before 1800 there were several examples of flood which were not 

recorded. 
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Source: Ghosh, 2004. 
Figure 3.3 Ganga in a south-easterly direction during 19th Century (Gour at the east). 

On the other hand occurrences of earthquakes of 1772, 1784, 1897, 1934 also 

created the probability of course change.Occurrences of flood in the last century 

should also be taken for consideration behind such immense river metamorphosis; 

like the flood of 1971, 1980, 1886, 1987, 1989, 1990, 1991, 1998, 2003, 2004 etc. 

which aggravated the intensity of bank side slumping and there by steady shifting. 

While viewing the past, it really becomes obvious to infer that the withdrawal phase 

of 2003 flood accelerated the dangerous lateral river piracy of Ganga and Pagla. 

Actually the serpentine swinging of the river did not take rest for long 

reaching to the western most boundary line of the district; rather it started to swing 

again eastward from the beginning ofthe last century (1900 A.D.). The history of the 

last century regarding course shift was found also very much interesting. Survey maps 

of 1922-23 and 1936-37 showed almost straight channel like crow fly line between 

Rajmahal and Farakka(Fig.3.4).Intricate examination of the survey displayed a 

number of successive crescent shaped abandoned waterbodies and obviously the 

crescent shaped pattern of differential settlement near left bank of Ganga at that time. 
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Figure 3.4 Most straight course of Ganga during the beginning of the present 
Century between Rajmahal and Farakka. 
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The geometric orientation of the paleo loops and settlement lines are similar to that of 

eroding left bank line subsequent to 1922-23. The propensity of aligning loops joining 

and forming the Maraganga is still noticeable. Another reasoning fits in such a way 

that the interfluve line between the left bank line and differential settlement line is 

characterized by unconsolidated existence of sands and silts i.e. erescent shaped sand 

bars. The height ofthe old Ganga bank was 5.0-5.5 m which is the evidence ofleeves 

of Ganga bank. Starting from 1930s to 1940s the river gradually moved to the right 

and in the process left succession of curve shaped loops. 

3.2 Major Causative Factors 

The following responsible factors have been considered behind the causation 

of Ganga River babk erosion.It has been divided into two parts: 
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3.2.1Natural 

3.2.1.1 Lithology of Bengal Basin 

The area of Ganga Brahmaputra basin is 1,50,000 Km2
. In a depressed synclinal 

shield region the accumulation of sand, silt and clay during a prolonged period of 70 

lakh years such a basin was formed. Geological Annals reveal the history that Bengal 

delta is formed by a chain of fluvio-techtonic actions operating over the mio

geosyncline of the Bengal basin Stratigraphically,a section,of the upper Cretaceous 

limestone and calcareous shale overlies the upper Mesozoic basalt flows (Sarkar, 

2004) and associated trap wash, granite wash rocks near Ghatal,Debgram and Jalangi 

deposited under brackish,marshy,estuarine lagoon (Biswas, 1963; Sengupta, 1966; 

Sarkar, 2004). Geological and sedimentological evidences sited near Jalangi show 

thick and freshwater sedimentation between two phases of Eocenal marine 

transgression and during that period of deluge the pre existing Bengal-self was 

replenished and reached to its final conFigureuration.During the intermittent period of 

late Miocene to Pliocene again south-eastward transgression took place under deltaic 

and shallow marine environments. Submerged condition prevailed for the long run of 

entire Pliestocene age. In the late Pliestocene the sea finally fall back and Bengal 

Basin was withdrawned from the submerged condition.Erosion then started followed 

by peneplanation of the entire Tertiary period in the Bengal basin. In the above 

diagram Umitsu has shown in the condition (d) the condition of the sea coast line 

demarking the last phase of Pliestocene withdrawal and extension of bengal Basin 

further southward resulting into increasing of the length of the River Ganga including 

the entire Ganga system and that provoked the river system for further hydro-dynamic 

adjustments (fig. 3. 5). This actually resulted the rivers to attain more graded path of 

flow and consequently the River Ganga started curving its eastern bank taking the soft 

lithology of the alluvial soils. 
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10000 - 7~00 yr BP 6000 - 4000 y r BP 

rD Flood Plain Deposit [£] Clay and Slit 

[!] Tlppera Surface ~ F ine Sand 

[EJ Pleistocene Uplands ~ Sand and Gravel 

rEI Tertiary Clay ~ Swamp P eat 

~ HJUs of Older Rocks IYJ River Channel 

Figure 3.5 Stages of Development of Deltaic Plain of West Bengal and Bangladesh after Umitsu 

( 1993) . 

In the late Holocene due to several deluges and unprecedented fl oods the 

entire bas in was covered by the mantle of newer allu vium (Sarkar, 2004). From the 

lithological po int of view generali zati on of country soil profil e can be di versified with 

a flu vial deposition underlined by predestined Quartern ary silt (Sarkar, 2004) . 

3.2.1.2 Geological history of formation of Bengal Basin 

To the east of more or less the longitude 87°001E is the great Indian shie ld 

which di sappeares be low a blanket of gangetic allu vium .The exposed part of the 

Archaean Shie ld ,w hi ch boarders thi s ex tensive allu viated plains is marked by a 

number of intracratonic Gondwana basins along the Damodar ri ver valley, a few 

exposure of earl y Terti ary age near Durgapur and Baripada and the late Mesozoic 

vo lcanics of the Rajmahal hill s (Sengupta, 1969).The Bengal pl ain is surrounded to the 

NE by Shillong Plateau and thi s has reall y continuati on of basemen t complex with 
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Garo-Rajmahal Gap to the west and the Great Peninsular Decan shield of south and 

southeastern India through a shallow subsurface edge of Bengal synclinal basin .The 

eastern limit of the subsiding zone is demarcated by the Naga-Lusai Hills of 

cretaceous origin. Below the thin cover of Holocene alluvium in West Bengal , there is 

thick section of Cretaceous and Tertiary sediments lying on a basement of basalt lava 

flows presumably of the same age as the Rajmahal volcanics (Sengupta, 1969).In the 

western fringe of the Bengal basin the Archaean shield is traced below a thin veener 

of alluvium. In this zone below the alluvial blanket locations of domal and buried 

anticlines have been found after drilling of the subsurface layers.The following table 

is showing the geological ages of formations experienced over the Bengal basin as 

emphasized by Ramachandra Rao M.B and Sengupta S.N, 1964.The statigraphy is as 

below: 

1. Pleistocene---+~~~> 2. Pliocene----1111>~ 3. Miocene ---:=======-~ 4.0ligocene 

~ 
7. U er Jurassic to Lower Cretaceous ..,.,. __ 6. Cretaceous ..,.,. __ 5. Eocene 

recect I. 7. Old 

The total thickness of the deposited sediments increases to the east and 

southeast (maximum thickness of II ,890 m in Bangladesh) Normal faults down-to 

the-basin is passing through the Jalangi , Debgram and West Ghatal. The Bengal self 

is diping very gently about 1.5° towards southeast.During early Cretaceous age lava 

flow s over the foreland self of Bengal together with Shillong Plateau became 

embodied to form the base of the self with hard shields.In the late Cretaceous the 

subsidence of the self area was occurred when brakish to lagoonal deposits 

accumulated on the Bengal self (Sengupta, 1969) under open marine condition .Upto 

the middle of Eocene such submergence continued to the deeper parts of West Bnegal 

and Assam and experienced marine invasion (Biswas, 1963, Sengupta, 1969).In late 

Eocene, marine transgression continued on the stab le self of Bengal and Shillong 

massif. Two different deposits of Bengal side self and Assam side self within the 
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same syncline brought close to each other due to thrust tectonism i.e. compressional 

movements (Sengupta, 1969). 

On either side of the Eocene hinges, in West Bengal two distinctly different 

types of rocks or contrasting lithological types took place.In post Eocene movements 

on the nummilitic limestone hinge traversed the whole Bengal Basin.During 

Oligocene great regression of the Eocene sea resulted due to elevation of the different 

parts of the basin. Over this prolong period only fresh water to estuarine deposits 

accumulated. Whereas shallow marine conditions went continuously in parts of the 

deeper basin. Major tectonic movements occurred over the whole of Bengal and 

Assam during the entire Miocene.Movements on the major north-east-south-west 

tending fault zones of Bengal basin caused rapid sinking of the deeper self and the 

geosynclinal parts of the basin resulting to marine transgression in the eastern part of 

the stable Bengal self (Sengupta, 1969).During the Pliocene most of the mobile belts 

were uplifted and widespread regression continued.From then not only esturine rather 

fluviatile conditions of deposition prevailed in most of West Bengal.At this period, 

Eastern Himalayas were thrusted southeast towards the present day upper Assam 

valley. In the early Pleistocene only the deeper parts of the Bengal Basin was found 

under shallow marine codition.In the late Pleistocene the marine transgression 

ultimately withdrawned from the Bengal Basin.During the whole Tertiary period 

peneplanation due to fluviatile actions continued and river borne Holocene alluvium 

made the mantle cover over the older or 'Bhangar' alluvium. The river action had a 

very fast down-cutting and following constant deposition by magestic rivers like 

Ganga, Brahmaputra etc. contributed their burdens to shape the front up of the basin 

estuary and further retreat of the old Tertiary sea which later on termed as Bay of 

Bengal and took place in reality. Till now the discussion is oriented towards the 

formation and ultimate make up cum shape up of the Bengal Basin. The relevance of 

the discussion lie in the background study of the lithology of the Bengal basin 

characterized by very loose, less compact and lower consolidation of Holocene 

sediments mainly for which magestic river like Ganga was offered very low the shear 

resistance from the bank soil compared to huge shear streeses offered by the 

impinging flow attacks of the river current consequenting upon vigorous bank 

slumping. On the other hand Rajmahal Hiills are offering tremendous resistance 

against river currents,and which is also creating reactions to the opposite bank i.e. left 
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bank and for which the thalweg line is coverging more towards the eastern or main 

channel ofthe river. 

3.2.1.3 Impact of Relief and General slope 

The general slope of the district Maida is not more that 2°.Mostly diaras have 

less than 2° slope amounting to river bed slope of 1 in 21,000 (Mazumder, 2001). 

Such a gentleness of slope allow stagnancy of channel water consequent upon very 

low velocity amounting to averagely 1.49-2.5 ms-\ which results into excessive 

hydrostatic . pressure on the channel walls and downfalling of the bankside walls 

collapsing into the river water. The general physiography of the district is from 

Northwest to southeast.The highest elevation ofthe district above sea level is 39.7 m 

at the place where the health centre at Pandua in the police station of Gajole is 

situated (Sengupta, 1969). South ofKalindri lies the most fertile and populous portion 

ofthe district. It is seamed throughout by old courses ofthe Ganges. The most striking 

natural feature is the continuous line of islands and accretions formed in the bed of the 

Ganges by its ever changing currents and Known as the Diara. Actually 'Diara' is the 

low bank of a river and 'Karara' is the high bank (Lambourn, 1918). By extension 

these terms are commonly used to mean land below and above flood level, 

respectively in the alluvium (Lambourn, 1918). Elevations ranging between 30 to 39 

m above sea level are found in the police stations of Bamongola and Habibpur where 

it is little over 38m.The other places ofthe district varies in elevation between 23 to 

54 m and 3 8 m at Kaliachak. The slope of the district is gradual as is proved by the 

meandering course taken by the rivers flowing through the district (Sengupta, 1969). 

There are no hills in the district unless a few elevated tracts in the Barind. Parts of 

these high lands have an elevation from 50 to 100 feet(30-40 m) above the level ofthe 

Ganges, and being frequently intersected by deep water-channels, stimulated the 

appearance of small hills. Near the lower parts of 'Diaras at the location of Farakka 

Barrage the contour values have been found having average ranges of 15-28 m 

according to SOl sheets, 1971. Such gentleness of the district is thus favourable for 

the stagnation of water in the channel and steady discharge in many-a-time is 

obstructed and for which water head in the channel is always high. General scenario 

show 20-22m water level in Manikchak,25-28m near Panchanandapur and few meters 

more near Farakka barrage.Downstream and upstream of Farakka Barrage there is 

always a gap of 2.0 to 2.5m. Such situation makes the river from Panchanandapur, 
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Laskarpur to Farakka i.e. in the lower section out of the 76 km reach of the river in 

Maida, to be curve for holding high volume of water withstanding in the channel for 

more the time than is required. This consequent upon increment of cross section area 

by accelerated lateral erosion. For this reason in the eastern bank erosion is operative 

and on the other bank at the Jharkhand side alluviaton is operative and almost in every 

year it is continued because ofthe variation in bank erosion of the river Ganga. 

3.2.1.4 Mechanical I Physical Properties of River Bank materials 

Study of sample profiles and indepth on-field investigation in and around 

affected blocks ofMalda displayed the following characteristics. 44.16% of grains are 

of medium size designated with 0.6-0.2mm of diameter, 50.66% are of fine size 

having diameter of 0.2-0.06mm and only 5.17% of grains are of coarse size in nature 

i.e. diametr of 0.06-0.02mm.On the other hand average void ratio of the soil was 

moderate to high i.e.30-35%.Level of density was found moderate to low and 

amounts to only 1.75 to 1.80 gm cc-1 and record of specific gravity was amounted to 

only 2.63-2.69 m See2
-
1 as given by ewe, 2003.Thus on- field analysis proves the 

excessive susceptibility ofthe soil to be eroded. Texture analysis also exhibits a sandy 

loam nature of the soil standing on the clay loam substratum(table.3.1). For this 

reason where subterranean passageways undermines the clayey substratum the sandy 

top soil slumps down by river action easily.Not only that viscosity level was very 

poor and presence of average organic carbon was found as low as only 1.1 %.On the 

other hand several sub processes accentuate the final outcome of deep erosivity like 

surface racking, shattering, scooping, undermining,massive block fall, gravity falling, 

fissuring and leached-routing etc. Saturation to collapsation due to unloaded super 

incumbent layer is also thus very much operative here (Field observation, 2003).A 

model profile containing 7 layers (not properly identified) exhibited the following 

properties. From the top to the bottom the upper two layers have 50-60% of sand but 

the 3rd_ and 4th layers have 75-95% of sand and the last 3 layers are characterized by 

20-30% of sand but 30-50% of silt and clay. To be specific it was experienced in the 

field that the 3rd and the 4th layers (pedons) are facing the critical water table which in 

the form of impinge flow ebbs and is striking against the bank and erosion is taking 

place easily for which the overridden horizons have nothing but helplessly collapsing 

to the feet level of the bank. Here, three critical angles have been observed. At the top 

precipice slope amounting to about 89°, Root bank slope amounting to 10-12° and 
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Remnant slope amounting to 30-35°.Root scounng mcreases possibilities of 

collapse.Where as wall like precipice slope is prone to gravitational fall.Waterladden 

oversaturated bank soil at the top associated with deep rill and gully formations result 

into steady mud flowage culminating into block failure for the verticle and horizontal 

fractures. Steady infiltration and rapid downward percolation during the heavy rains 

result into areal collapse. Thus the entire bankline starting from Manikchak to Farakka 

is affected by heavy attacks of erosion due to its unconsolidated and loose constituent 

materials. 

Table 3.1 Physical properties of river bank and deposited bed materials. 

SI. Sample Density Specific Void Grain size in percentage 
No. site (gmlcc) gravity Ratio Coarse Medium Fine Coarse Coarse 

(gm cc-1
) (%) sand sand sand silt sand 

(2.0- (0.60-0.2 (0.2- (0.06- (2.0-0.6 
0.60 mm) 0.06 0.02 mm) 
mm) mm) mm) 

1. A Between Between Between - 29 70 1 100% 

2 B 1.75 to 2.63 to 30-35% - 44 56 - 100% 

3 c 1.80 2.69 - 52 48 - 100% 

4 D - 16 69 15 100% 

5 E - 48 47 5 100% 

6 F - 76 14 10 100% 

Som-ce: I & W.West Bengal. 2004. 

3.2.1.5 River hydraulics: channel water head, potential and kinetic energy 

Total energy of water in any stream line passing through a channel section may be 

expressed as the total head of water, which is equal to the sum of the elevation of the 

stream line above a datum, the pressure head and the velocity head.Considering the 

profile of a gradually varied flow in the elementary length 'dx' of an open channel. 

the total head above the datum at the upstream section is 

H = Zd+y+ a. ~ /2g 

Where, H = total head in m, local arbitary dalum 

Z=datum height (m) =lO.OOm(local datum) near Panchanandapur 

y= depth ofwater (m) 

a. = energy co-efficient (a = 01) 

v = mean velocity ofthe section (m s-1
) 

g =acceleration due to gravity (gin m S2
-
1
) 
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A model case study on the computation of water head based on secondary data 

and mathematical calculations at 5 locations in and around Panchanandapur was 

carried out to understand the watef head pressure along the poorly non-cohesive bank 

materials (table.3.2). 

Table 3.2 Bank Cross section-wise channel properties for water Head (m) calculation. 

Identity of the bank cross section Zd(m) y(m) a. V(m s-1) g (m sZ-1) H(m) 

Bank Cross section along D/s 01 21.96 10.00 01 0.396 9.785 22.488 

Bank Cross section along D/s 02 10.00 12.98 01 0.43 9.788 22.99 

Bank Bank Cross section along D/s 03 10.00 13.64 01 0.44 9.789 23.65 

Bank Cross section along D/s 04 10.00 12.42 01 0.44 9.800 22.51 

Bank Cross section along D/S 05 10.00 14.34 01 0.49 9.810 24.35 

Thus,MeanHead for the all bank sections= 23.20 m 

Source: Compiled Data,2005. 

Now in the following table a comparative statement of water head level and 

gross water guage level irrespective of time reference to understand the general 

situation has been presented(table.3.3). 

Table 3.3 Site-wise statements of channel Water Head (m). 

Site Water Head (m) Mean Head 
Total length of Per km share of 

the reach water head 

Manikchak 23.09 

Panchanadapur 23.20 22.75 m 76km 0.30m 

Farnkka 21.962 

Source: Compiled Data. 

Thus explaining the situation is really to discuss something critical. Taking the 

case of Panchanandapur, it can be inferred that the pressure of water head in 

comparison to average cross section area is really an overburden here. The average 

cross section area along the 5 bank cross sections at panchanandapur is 9924.90 sq.m 

(9.93 sq. km). Thus one sq.m area receives water head pressure of 2.29 m which is 

itself a power equals to thousands of hammering against the loose sand-silt 

composition of the bank soil. The exertion of water head pressure along the banks can 

easily exhaust the water saturated loose constituent materials consequent upon steady 

gravity fall and avalanching of serial blocks of bank soil associated with fissures and 

gullies. On the other hand the associative factor of hydraulic water pressure is the 

stagnancy of high water volume for more than required time in the channel. Similar! y 



------·· 
77 

along these cross sections the average velocity of water (v) has been computed very 

low to negligible amounting to 0.396-0.949 m s·1.Thus it is quite evident that 

discharge over the unit cross section area is of very low magnitude than that of 

expectation. Such a situation is actually aggravating the chances of hydraulic pressure 

in the channel and consequent bank slumping specially at the end of wet season to 

almost all the seasons ofthe year. 

Potential Energy 

The power of the river is defined as the power of erosion, transportation and 

deposition (Rauf,2006).Whenever sources of water increases and are debouched in 

the channel, velocity of the river also increases and thereby the strength of the river 

increases from normal to critical attitudes. Thus river flow is directly related to the 

river. Static energy transfers to dynamic energy.All such theoretical letting will be 

judged in the next part of discussion with the mighty river Ganga and estimations of 

power to erode its left bank will be taken up. 

Potential energy is equal to the weight of water times the head, or difference in 

elevation of two points between which the energy is being calculated (Moriswa, 

1968). 

Now EP = WZ = M.g.h 

where, EP = Potential energy 

W =weight of the fluid. 

Z =elevation difference(m) 

h= equivalent to value of Z 

g =gravity ( 9.8 m s2
-
1

: Normal) 

M=mass ofthe fluid 

study of river energy on the basis of data received from model studies(CWPRS with I 

nd W Deptt., Govt. of W.B) in simplified form for the four locations has been 

considered here. The study by the author is purely a model study approach to 

understand the nature of river energy (theoretical) in this section only (fig.3.6) as 

mentioned below(table. 3. 4 ). 



LOCATION OF FOUR IDENTIFIED SUB REACHES FOR 
RIVER ENERGY ANALYSIS 

\ 

\ 
\) I 

\ 
\ ' ... \ E. : \ 
' ' \ . \ 

' ~ \ \ 
\ '. \ 

\ G I ' 
\ I l 

' 1 \ 
\ ,p..- ' 

~, 'rG\ \ 
' \ ~ ' , \ ' 
' \p. ( 

\ 
\ 

' ' \ \ 

INDEX 
L1 LOCATION 1 

L2 LOCATION 2 

L3 LOCATION 3 

L4 LOCATION 4 
;::::: ::::: COURSE OF 1937 

~PRESENT COURSE (2000) 

' \ 
I 
\ 
\ 
\ 
\ 
\ 
\ 

' \ 
' \ 

\ 

• 
\ 

' 

\ 
\ 

' 

78 

[Based on Rudra, 2000] 

Figure 3.6 Sub-Reach wise Location of Areas for the Assess ment of Ri ver Energy. 
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Table 3.4 Sub-Reach-wise Geographical Identity ofLocations. 

Sub-Reach Geographical Identity 

Location 1 Manikchak to Aswinitola 

Location 2 Aswinitola to Khasko1 

Location 3 Khaskol to Panchanandapur 

Location 4 Panchanandapur to Farakka 

Source: Compiled Data 

Note: Few Figureures below are data based,few are graphical calculations and few have been 
mathematically constructed through emperical formulii. 

The results of mathematical calculations are as below(table.3.5). 

Table 3.5 Sub-Reach -wise statement of calculated Potential Energy. 

Location Potential Q*l M*2 D*3 h*4 g'*5 EP 
Energy m3 sec-1 (Q1xD1) gm/ m m Sec2

-
1 J s-1*6 

Equation cc 

Location 1 ..:::::: 17,000 '0 1.58 1.3 9.770 34, 11, 48,860 
._~QJ 

Location 2 ~ 28,000 &jOP..t>D 1.62 1.8 9.780 79,85,17,440 =·.a a 
~ -~ .9 ~ .,q 

Location 3 45,000 ~ ~ s 1Jl 1.75 1.5 9.785 115,58,53,125 II ~ aa::S .....:l x"til£ p.. 
Location4 ~ 76,500 QJ 5 1.80 4.0 9.788 539,12,30,400 '0 
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%of 
Potential 
Energy 

(4.41%) 

(10.45 %) 

(15.07 %) 

(70.07 %) 

*1discharge of water 
*6Joule per second 

*2Density of water *3height difference *5 Site specific gravity 

Note: Discharge data has been simplified upto closest rounded off 

Calculation for Gravity has been done as follows: 

Here (i) g1 = (1- 2h /r) 

Here; h = height from sea level 

r =Average Radius of the earth (In M.K.S system: r = 64,00,000 m) 

g =Gravity= 9.8 m s2
-
1(Average ;calculated over 45° North and South latitude) 

(ii) Site specific calculation 

g"= g' (1- 1hss. cos2 a) 

where, a = Latitude 

g = 9.8 m sec2
-
1 (Duari & Majumder,2007) 

Now sector wise analysis reveals that, out of the total potential energy; within the 

entire reach location! is receiving 4.44%; 10.54% is present within the location 2, 

10.07% is found within the location3 sub reach where as 70.07% is within the 
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location 4 sub-reach. The total cumulative percentage of potential energy was found 

exerting on the left bank between Khaskol-Panchanandapur reach.Thus tremendous 

head water pressure is predominating at and adjacent to Panchanandapur & Khaskol 

areas up to Farakka with slope as low as 1:21,000 and average velocity of only 1.93 m 

sec"1(table.3.6).Under this present condition the bank side water depth adjacent to 

above said areas is 20 m (+)below the pond level, whereas the average bank height 

above the pond level is 3 m (+). So the average 23 m standing bank almost like a wall 

or a precipice & composed of loose sand-silt lithology is highly susceptible to in

channel slumping mainly by liquefaction, bank-side fluting and block wasting part by 

part. The following tables 3. 6 and 3. 7 present a very critical velocity condition in the 

River Ganga during torrential river regimes(peak season). 

Table3.6 Velocities in m s-1 near the eroding left bank between Khaskol & 
Panchanandapur. 

Velocity in rn s-

Discharge Location 1 Location 2 Location 3 Location 4 
m"/sec Along lOJ)m Along lOOm Along lOOm Along lOOm 

bank away bank away bank away 
17,000 1.49 1.35 1.12 1.35 1.27 1.60 
28,000 1.79 1.62 1.20 1.20 1.35 1.27 

. 45,000 1.93 1.71 1.20 1.20 0.97 1.13 

76,500 5.19 4.71 2.53 3.69 5.22 2.85 
Total-1,67,500 2.6 2.36 1.51 1.86 2.21 1.71 

Source: Compiled by calculation and field data. 

Note: Discharge data has been simplified upto closest rounded off 

Table 3. 7 Velocity distribution at and far of bank. 

Av. Velocity along Mean 
Locations the bank 

(4 spots for one location) velocity 

1 1.49 1.12 1.27 0.97 1.21 

2 1.79 1.20 1.35 1.13 1.37 

3 1.93 1.20 0.97 0.63 1.18 

4 2.19 2.53 2.25 1.65 2.16 

Source: Compiled by calculation and field data. 

Kinetic Energy 

Av. Velocity 
100 m away from the bank 

1.35 1.35 1.60 1.42 

1.62 1.20 1.27 0.97 

1.71 1.20 1.13 0.62 

1.74 1.69 1.85 1.28 

bank away 
0.97 1.42 
1.13 0.97 
0.63 0.62 

1.65 2.28 
1.01 1.32 

velocit vin rn s-

Mean Grand 
~elocity Mean 

1.43 1.32 
1.27 1.32 
1.17 1.18 
1.64 1.90 

Similarly computation of kinetic energy will also validate the cause analysis motive. 

It is that energy which is attained by the river in response to the down slope 

movement of the mass of the liquid governed by the factor of mass, amount of gravity 

imposed & angle of displacement over the bed of the channel i.e. magnitude of slope. 

According to Moriswa, 1968; it is equal to one half the mass of liquid multiplied by 
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times the square of the velocity at which the water is moving. It is accelerated with 

the increment of bed slope i.e. inclination of the river bed down slope. 

Thus Ek =1 h mv2 

where, Ek = kinetic energy 

m = mass of water 

v = Velocity of the liquid 

Here attempts have been made to compute the kinetic energy starting from the 

upstream of the location one to the downstream part of location four. 

Ek = Yz. Mv2
, thus applying the formula 

M = (Q x D) =mass ofthe fluid 

v =mean velocity. 

Here location wise computations are as below (Ref: Table 3.6 and 3.7): 

L1 = 4, 53, 10,624 Js-1 

L2= 7, 98, 51,021 Js-1 

L3 = 11, 00, 99,815 Js-1 

L4 = 49,86,50,022 Js"1 

Sum ofL1,L2,L3,L4 = 73,39,11,482 Js"1 

Now Ek = 73,39,11,482/2 

= 36,69,55,741 Js-1 

In a comparative sense of discussion it is being evident that the average 

potential energy for the total reach i.e. the sum of values of potential energy of the sub 

reaches starting from location 1 to location 4 is 7,68,67 ,49,825 J s·1
, whereas the 

amount of kinetic energy for that entire reach is 36,69,55,741 Js-1
. Thus potential 

energy is more dominating than kinetic. As because of dominance of potential energy 

compared to kinetic energy, water stagnancy and resultant hydraulic pressure against 

the almost wall like concave inner bank within the channel is contributing regular 

steady pressure. On the other hand, the bank is composed of alluvial lithology mainly 

excessive of sand & silt than clay with standing wall like morphology(table.3.8).Thus 

liquidification of over saturated bank results into slumping, cavitation, rotational slip, 

subsurface passage way, areal collapse etc. 
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Table 3.8 Bank Height character along the left bank of River Ganga. 

Site 
Bank height (m) 

Soot 1 Spot2 
Panchanandapur 

1.80 1.75 (D/S) 

Sakullapur 1.50 1.45 

Mohonpur 1.60 1.75 

Aswinito1a 1.75 2.15 

Domhat 2.00 2.20 

Manikchak (U/S) 1.50 1.71 

Mean =1.67 =1.84 

U/S = upstream; D/S = Downstream 

Source: On Field compiled data(June,2006). 

Spot3 

1.55 

2.00 

2.00 

2.10 

1.75 

1.55 

= 1.83 

Av. Bank slope 
Spot4 

2.00 lin 0.97 Steep wall like 

2.10 lin 0.95 
Steep concave 
slip on side 

1.40 lin 0.89 
Steep and very 
concave 

1.50 lin 0.78 Prcipice like 

2.30 lin 0.95 
Meander bend 
arm & wall like 

1.40 lin 0.94 
Exposed wall 
like form 

= 1.78 in 0.91 
Wall like 
erosive bank 

According to the above table the average height of the left bank is within 1 to 3 m 

upstanding from the water table and study of 30 soil samples display that from the top 

to the average depth of 1.48 m or 1.5m there is almost no cohesive sand piled with 

almost precipitous bank side slope having angular position of the slope is 1 in 0.80 to 

1 in 0.95.Thus stormy and heavy blow of impinge waves and secondary current ebbs 

due to variation of density and viscosity of river water,use to blow in such a way that 

bank soil fragmentation occurs vigorously. 

On the basis of the distribution of slope, as in the following table, the sub-reaches of 

high erosive banks have been discussed.Vulnerability is analyzed here mainly on the 

basis of slope angles.For analysis point of view, the researcher has subdivided the 

total 76km reach into 5 sub reaches. Of which Panchanandapur - Sakullapur reach is 

characterized by slope of 1 in 0. 736 which is really vulnerable to excessive gravity 

fall and avalanching phases with downfall, block glide and step wise sliding. 

Similarly Sakullapur-Khaskol sub reach is receiving the slope of 1 in 0.9952 meaning 

thereby very much susceptible to further erosin.Moynapur Domhat and Domhat

Manikchak at the upstream ofthe study reach are feauted with slope 1 in 0.9927 and 1 

in 0.9930 respectively.Thus erosivity and erodibility ratio is far high from average 

slope angels.Only the Panchanandapur-Sakullapur reach as per present 'on-field' 

observations have some protective disposition which was highly susceptible during 

flood 1998-2000 and upto 2005. The hydrological mechanisms within the Channel is 
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quite interesting. There is already formed a typical meander loop between the two 

districts Maida and Murshidabad keeping Farakka barrge as a nodal point in between 

this reach almost like the 'S' form.Actually Maida district is located on the outer side 

of the upstream meander. On the basis of the section study from authentic sources a 

schematic view was produced (not to scale) of the meandering Ganga 

(Mazumder,200 1 ). There is a production of the secondary current due to centrifugal 

effect within the channel which is responsible for erosion of the outer bank and 

deposition of sediments on the inner bank (Mazumder, 2001).In fact the master flow 

when strikes the meander curvature of an almost wall like vertical bank, a steady 

shear stress is exerted over there and circulation of revolving or whirling water causes 

secondary currents. As much the outer bank starts to erode, curvature of the stream 

increases and the centrifugal effect also increases further development of secondary 

currents at greater depths consequent upon huge shear stresses and unexceptional 

erosion on the outer banks side of the river over the country rock. It is due to this 

process of continuing erosion of the outer side and sedimentation of the inner bank 

that the stream goes on moving outward and depositing sediment in the inner bank 

(Mazumder, 2001).As a result the thalweg (line joining the deepest points on the 

wetted perimeter of the crosses section) becomes to be very close to the outer bank 

and very distant from the inner bank as evident during section study, it is 200m. Thus 

the main flow with an averages velocity of 1.8 m Sec·1 and carrying of heavily 

viscous water exerts tremendous water pressure with a mean flow of 34,000 cumec 

and bed slope of 1 in 21,000 (Mazumdar, 2001; Valentine, 1992). Any banks can't be 

protected with embankment pitching and spurs when there is a deep scour depth near 

the bank. Fine sand-silt soils on which the embankment and spurs are built have 

extremely poor shear strength.Thus the embankments and the spurs both parallel and 

transverse are threatened by the shear stresses governed by flow depth and resulting 

into collapsing of the already scoured left bank affected by vigorous cavitation. Not 

only that the pitched head of the long spurs to deflect the stormy turbulence of the 

master flow from left to right bank i. e.Malda side to Jharkhand side becomes 

ineffective. Spurs themselves are likely to be washed out and their performance may 

not be expected (Kulkarni, 1999 and Mazumder, 2001). For example, Koshi Project 

Authority had constructed 3 64 spurs to save the marginal embankments. But the river 

Koshi is still breaching its banks either left or right almost every year. Another 
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important thing is to understand the lifestyle of a majestic river in unconsolidated 

alluvium and contemporary resulting actions of fluvial origin. Streams do more than 

shift sediment by repeated scour and fill along the bed. They actively erode by 

(Butzer, 1976). 

a) Channel deepening or by down cutting of the stream bed, 

b) Channel widening through bank curving or undercutting 

c) Channel extension i.e. head ward regressive erosion by streams and gullies 

The erosion and readjustment of the channel is of two basic types in the case 

of River Ganga. Firstly, the valley floor over the plains of Bengal consists of river 

laden sediments of alluvium where the river shifts her channel and readjusts her bed 

by erosion and deposition. Long duration of deluge really accelerate the situation of 

abandonment of old course. As new channel is formed, the older channel is 

abandoned and filled, or as one bank of the river under meander geometry collapses, 

the river shifts in that direction and accretion follows on the opposite bank. Such 

erosion in alluvium is fundamental in the development of alluvial plains, being a 

mechanism, whereby the Ganga makes short or long term adjustments. Secondly, 

streams cut their way into upland where they usually erode into compact rocks and 

can transport their burden up to low reaches because of adequate slope at the 

upstream. Thus the mechanism and rates of erosion in bed rock are different and the 

ultimate effect is the sculpture of the interfluves; actually what was made by the same 

river during last migration and was abandoned. In Ganga basin in Maida the interfluve 

of Ganga-Pagla River as well Ganga-Pagla-Kalindri is highly threatening after any 

forth coming deluge in future. Cutting in the established channel of Ganga involves 

bed erosion, bank undermining, bank collapse, etc. to readjust and make possible to 

area of the cross section for increased volume of water having been obstructed at 

Farakka Barrage. Erosio~ of the alluvium on the river bed involves lifting and pushing 

of loose particles, particularly by turbulent water. Any cementing matrix in older 

alluvium under the bed or in the river is partly dissolved and individual are loosened 

by mechanical wear. Bank collapse due to undercut and resulting cavitations also play 

role together or sometimes separately. At some critical angle the bank slope become 

unstable, and the upper parts of the bank falls in or slide down, producing a gentle 

slope until undermining begins. Down pouring into the river, location of transverse 
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spurs also play a vital role. Actually the iron weir and concrete and stony structures at 

discontinuous dispositions save the bank at distant locations, but in between the spurs, 

location of cavities develop incipient Gullies. The loose sand - silt composition 

attacked by diverted & whirling strikes of impinging ebbs make wounds creating 

crescent cavities (table 3.9) of 10-15 m in length. The following table is showing 

location-wise cavity formations. 

Table 3.9 Spot wise cavity lengths 

Location Spot 1 Spot 2 Spot3 Mean Length (m) 

Panchanandapur 20.12 15.00 20.14 18.42 

Sakullapur 12.00 18.21 10.12 13.44 

Mohon pur 15.10 10.17 12.00 12.42 

Aswinitola 15.63 15.00 13.50 14.71 

Domhat 17.47 21.00 21.10 19.86 

Manikchak 3.02 5.6 5.41 4.68 

Source: Field investigation, July, 2009. Cavity Length in m 

The most wounded cavities along susceptible banks have been found at 

Domhat and Panchanandapur having average length of cavity crescents of 19.86 m & 

18.42 m respectively. In case of river Ganga, bank collapse is also aided by 

groundwater seepage or efiluent seepage towards the opening of the flute mouth on 

the bank walls from sub surface origin. Of course such sub-surface seepage flutes 

determine the disintegration and lower cohesion of already sandy loose constituents of 

the bank. From July to September, these are full of water but in dry season these 

hollows collapse and downfall certainly creating disintegration cum slumping of the 

bank-side soil. Such a situation is aided by scouring and splash-scouring of raindrop 

erosion during monsoon months of the year. 

Channels maintain in the riverine plain areas, steep banks and deep scour 

depths.However silty bank loose their cohessiveness as they become saturated at 

times of high water; as long as the water level remains high in channel and hydrostatic 

pressure may support the bank as the groundwater table remain almost at the same 

level. The similar water pressure in the channel and from within the ground water 

table make the bank stationary and time being stable. As the in-channel level drops 

down after wet season there is imbalance of channel's water table and the ground 

water table, the bank suddenly becomes unstable because of heavy ground water 

pressure and erosion in the form of block to block slumping. On the other hand, loose 
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sands and silts tend to fa ll into a stream, maintaining steep unstable banks. Erosion is 

rapid and great quantities of bed load becomes immedi ate ly avail able.Thi s favours 

channe l widenin g instead of channe l deepenin g. So that broad shall ow channe ls are 

formed which use to aggrav ate the formati on of in-channel bars and shoals at the slip

off side. Excessive bank s lumping with the aid of water saturated block coll apsation 

along bank lines is the main reason of bank eros ion in Maida consequent upon river 

course changes as revealed in the studi es of I & W , Govt. West Bengal, 2004. 

Reduction of cross section area and form ati on of in-channe l shoals initi ate the 

development of cutting of new channes l over the allu vium .Gulli es are ex tended 

during peri od of rains, when surface run off pours into a drainage line undercutting 

the head and inci sing the fl oor. O verfl ow channe ls and bi furcati on can be accelerated 

by rilling and gull ying, when wate r spill s over an unbreached body of allu viu m. A 

gull y forms where the wate r pluges down and cuts bac k un til a major channe l has 

been eroded. Thus development of gullies has also affected and has accelerated the 

problem upto an al arming situati on. 

During the wet season there is a proporti ona l balance between the in chan nel 

water table and the subsurface ground water table. But the astoni shin g fact is that 

during the monsoon withdrawal peri od the in channel water table drops down fast 

than the subsurface ground water,and which results into channe lward hydrological 

pressure and bank s lumps readil y (fig.3. 7). 

m 30 

\Vater Table of the main c:haonel:l3.20 m 

mO 

Explanation: XA=Ground water table in we t season, YY I =G round water table in dry seasonAA I= 
channel water table in wet season,BB I =channel water table in dry season, Y I B=Part to 
be attacked for hydros tat ic ins tabi lity. a-ai=Gap Height of two water tables(0 .39 m). 

Figure.3.7 Diagramatic presentat ion of Ground water table and channel water tab le at 
Panchananmdapur. 
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3.2.2 Anthropogenic 

3.2.2.1 Over Population ofBhutni Diara and Duann Charland 

·Keeping in view the socio-economic strata of the erosion affected areas, 

population pressure at Bhutni-Diara is another important reason of bank erosion. The 

total population of the district is 3,290,468 (as per Census 2001) which has been 

grown from 2,537,032 in 1991 i.e. a growth of 653,128 persons within a span of 10 

years, which is indicative of excessive surface pavement.In long past bank erosion 

was a natural threat unlike in 1970s and 1960s but settled areas were not found at the 

close proximity of the bank lines. In 1922-23 the differential settlement line was 

found along the old courses of Ganga which have now been abandoned as quoted by I 

& W, 2004. The total area share of Bhutni Diara is about 13,043.99 hectare and the 

total population of the circular island was 4 7, 173 in 2001 and 4 7, 904 in 1991 (table 

3.10). A reduction of 831 persons has been found from 1991 to 2001 which is an 

indication of recurrent flood and bank erosion. The population pressure in 2009 was 

almost 60,000 persons and extra addition of more victimized nature created refugees 

are about to 20,000 at the Bhutni Diara. Thus a gross population of about 80,000 in 

Bhutni and about 39,000 in Duania char adjacent to Bhutni is the present demographic 

scenario ofthis part of land. The most important information is that, the total length of 

the circuit embankment is 27.6 km having only two sluice gates to debouch the excess 

rain water which is insufficient to steady discharge of rainwater during heavy and 

incessant rains. Thus during the entire wet season the island becomes seasonal 

wetland and water logging for temporary periods create heavy inside pressure over the 

embankment and drops down its strength against breaching. It is rare that technology 

can over dominate the nature and natural process. These two charlands have been 

created by the river herself and were subjected to occassional flooding by spill water 

during monsoon months. But after the construction of th 'ring bundh' or circuit 

embankment the natural system has been disrupted consequent upon heavy pressure 

over the embankment from both inner and outer sides. This results into striking of the 

impinging river flows to be diverted and to attack the opposite side i.e. the eastern 

side bank of the river resulting into heavy seasonal slumping alongside for about 15 

km starting from Manikchak to Domhat-Maynapour reach. The Fulahar Ganga-reach 

that is the eastern part ofthe circularity ofBhutni Diara is because of that, going to be 

much decaying for about many years and the western branch of the Ganga which is 
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positioned to an acute angle striking directly Manikchak-Domhat reach whereas the 

debouchment site of the Fulahar Ganga is comparatively diverting from the 

Manikchak-Domhat reach. This is leading to the instanteneous water supply through 

trunk flow to the eastern bank and is resulting more erodibility to the already soft 

alluvium bank. 

The impact of bank erosion has also been focussed on the population status of 

the islands. From 1991 to 2001 the population growth rate is 20.48% which is really 

for the building up of the temporary residential quarters of the shifted victims or 

hazard refugees, on the other hand, on the basis of net reduction estimation; about 

8.11% population in 2001 compared to 1991 have left their houses from shibtola, 

J agannath tola, Rajkumartola areas at the western part of the embankment and 

Kalitola-shankartola at the eastern part of the island due to erosion ofFulahar Ganga. 

Table 3.10 Changing Population Scenario ofBhutni-Diara. 

Sl. JL. Area Population Population 

No. 
Mouzas 

No. (ha) 2001 1991 
Differential 
for 10 years 

1 Gadai 1 1474.28 2,469 1,637 +832 
2 Keserpur 2 685.43 1,082 949 +133 
3 Uttar Chandipur 3 583.56 7,035 6,517 +518 
4 Chandipur 30 1219.74 De1uviated 10,129 -
5 Chandipur Mal 4 1884.60 4,629 2,928 -1,701 
6 Paschim Chandipur 5 807.76 6,761 4,862 +1,899 
7 Harachandrapur 6 360.98 2,079 247 +1,832 
8 NaoBararjaidir 7 190.20 4,648 4,118 +530 
9 Suksena 8 654.57 5,155 4,836 +319 
10 Dergram 9 91.12 Uninhabited Uninhabited -
11 Rambari 10 656.81 Uninhabited Uninhabited -
12 Sobhanathpur 11 113.49 353 1,450 -1,037 
13 Hiranandapur 12 624.84 215 387 -172 
14 Masha 13 323.75 Uninhabited Uninhabited -
15 Bagdukra1 14 
16 Bagdukra2 15 664.90 1,547 1,475 +72 
17 Samastipur 16 244.43 Uninhabited Uninhabited -
18 Sohapur 17 190.20 Uninhabited Uninhabited -X 

19 Chandipur Tafrr 18 278.83 2,045 2,823 -778 
20 Dakshin Chandipur1 19 668.95 5,014 3,586 +1,428 
21 Duani Tafir 20 612.29 42 240 -198 
22 Paschim Narayanpur 21 712.66 4,099 1,720 +2,379 

Total 13,043.99 2001:47,173 
1991:47,904 

Source: Revenue Map,l931 and Census Abstractsl991 and 200147,904. 

3.2.2.2 Role of embankments and spurs 

Till 1931 the reach of the river was more or less straight between Rajmahal 

and Farakka (SOl sheet 72°/r6). But with the construction of the embankments after 
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1963, the problem of meandering towards the eastern bank of Ganga increased 

drastically. It has also been recorded severelly that as much embankments have 

constructed natural attack by the river always have destructed them. It is found that 

striking of river water against the concrete wa1ls of embankments energize the 

potential erosivity of the water current much compared to the earlier days. After the 

construction of 5th retired embankment from 1991 to 1998 further erosion engulfed 

more than 2 km width of bankline for a distance of 10.00 km from Domhat to 

Panchanandapur upto 1998 and it increased an additional area of more than 11 

km. The river Ganga also engulfed the spur no. 24 totally from the tagging point. In 

the year 1999,6th retired embankment was constructed and the distance between the 

bank like and the embankment was 350 to 650 m. It was also decided to construct a 

new spur in the place of spur no. 24. But during construction, it was attacked by 

erosion and out flanked.River bank line has also come very near to 6th retiered 

embankment,15m and 32m at Khaskol and Daulatola point during the end of2002. 

Renovation of spur no. 20 and 19 was also decided to be taken up.During flood 2000 

the 6th retired embankment was also eroded due to toe cut of the bank. All such 

evidences prove the fact that with the making of bunds excessive siltation in the 

riverbed occurs and thereby reduction in the cross sectional area of the river which 

results into water head pressure specially in the wet season. Thus such a situation 

creates flood and thereby breaches on the embankments. Discontinous embanking 

also aggravates the formation of incipient gullies and backward plus headward 

undermining which cause destruction of the embankments. 

Embankments adopted to control erosion and flooding are of 3 categories : 

(a) Construction of short spurs to divert flow and withdraw the attacking action to the 
bank line. 

(b) Constructing the bed bars, falling apron and revetment to safeguard the bank from 
steady slumping. 

(c) Construction of embankments to avert flood and erosin, it is of 2 types. 

(i) Marginal 

(ii) Retired 

During 1970-1985 erosion was confined to immediately upstream of Farakka 

taking about 12 km length of bank. Though short spurs were built but not remained 

intact. Reconstruction and restoration of these works had to be undertaken year after 

year until a charland started developing close to the left bank. 
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From 1985 the river attack was shifted upstream of Panchanandapur. Many 

short spurs (18-26A) were constructed in this reach to divert the flow from the 

attacking bank. During flood 1999 undercuting and toe attack outflanked the spurs 

26A, 26, 25, 24, 20 and 19.Spur 20 was reconstructed after the 1999 flood which was 

again outflanked in 2000 flood. Depth ofwater at the toe ofthe spurs were 15-20m & 

with a velocity exceeding 5m sec-1 during peak discharge. Thus higher the velocity of 

water at the toe with subsurface undercut and back cut collapse of the 

embankment,gradually the entire length of the spur used to be destroyed. One weir 

mesh contains about 2500 to 3500 boulders and if one part collapses the entire mesh 

use to be collapsed as they are in a single mesh-work.In many cases the bank 

connections of the spurs were severed due to back cutting. This resulted an obstruction 

to flow and diversion through the gap formed between the spur and the bank 

accelerating the local erosion near the bank connections. With high depth close to 

almost vertical bank and strong current during failure, attempts to restrict the 

backward cutting were not possible and successful. Experience oriented statement 

should be like this,that the making of embankment has energised the river to cut 

across for many times over the alluvial banks. The hydrology affected by embankment 

is very severe. On one hand, the river is obstructed and abstained from erosion at the 

Rajmahat side, whereas the pressure of water head is also obstructed by stone made 

embankments at the east. For this the water level will rise up to attain more cross 

sectional area, which will lead to the submergence of the embankment and 

outflanking of the embankment during rains and deluge associated with toe cut gully 

formation, back cut and incipient trench formation etc. will lead to resultant 

collapsation of an entire spur or part of embankment. Ganga Bhawan was completed 

in 1975 at Panchanandapur. Kaliachak II block. On the 5th September 2003 the 

famous Ganga Bhawan was totally engulfed. There were 8th retired embankment and 

Bull headed Dimper and the 700 m tagging bundh as well 500 m marginal bundh.In 

spite of that back wasting and toe level erosion caused the damage of 25 crore Rs. to 

initiate such erosion. On 9th September 2003 at 9.00 am morning about 1,000 families 

of Asrafmunnatola, Hazaritola,Nasrattola, Gangabhabanpara, Palpara and Banutola of 

Panchanandapur lost their houses (Roy. P, 2004). Scientists and experts opined that 

excessive embankment making resulted into the acceleration of Ganga erosion to 

engulf Ganga Bhawan. When marginal embankment has threatened the same action 
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on sets over the retired embankment. The 9th retired embankment was collapsed at 

panchanandapur almost this way during the Pagla-Ganga river piracy stage. Thus to 

arrest the natural play of the river by artificial means is normally impossible and any 

time if this happens to be implemented in reality nature will also play as accordingly 

as required and that will certainly be detremental to bank protection. 

3.2.2.3 Role of the Farakka Barrage 

During the opening half of 16th Century when the European traders used to 

come to West Bengal, Chattogram was known as a big harbour and Saptagram was a 

small harbour in W.B. Saptagram was situated alongside Saraswati river which was 

one of the distributary of River Hugli.Afterwards the river Saraswati decayed and the 

then merchants couldn't reach to Saptagram due to poor navigability of the river 

Hugli. In 1651, in the month of January East India Company set a new harbour at 

Hugli (near the jail of Hugli presently).In 1690 they again shifted the harbour to 

Kolkata and the outcome of Calcutta as a harbour city was found in the 181
h century. 

Before the outcome of Calcutta, the river Bhagirathi was decaying due to shortage of 

water. After the decaying of Jalangi and Churni the problem enhanced a lot. Before 

the construction of Farakka Barrage during dry season the discharge at Jangipur 

through Bhagirathi was only 1.73 cumec (Rudra, 2002).The contribution of Jalangi 

and Churni was only 100 and 350 cusecs.The so called discharge was not a steady 

runoff rather base flow or effiuent seepage flow. The six Chotongapur rivers 

(Banshloi-Mayurakshi-Ajoy-Damodar-Rupnarayan) had only rain feed discharge of 

which 80% used to come in the wet months of July to September and the next 9 

months receive only 20% of flow. 

For the disability and unability of the contributing rivers the estuary of Hugli was 

steadily going to be silted up due to deposition of 41 crore ton silts yr-1
. Though the 

problem hadn't been solved after the construction ofFarakka Barrage.Due to the Indo 

-Bangladesh water pact during dry season, 40,000 cusec water still not available at 

Calcutta port. During high tides the opposite flow (Northward) of water from sea to 

Hugli river also accelerated the rate of sand deposition. Earlier, the silts could drain 

out from the river during rains.But after the construction ofD.V.C (Damodar Valley 

Corporation) Masonjore, Kangshabati and Hingle dams such probability is some how 

decreased. 
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To solve the problem administrative action plans were implemented from 

1820 to 1871 and there are long run history for this issue.After independence during 

1961, 8m drafter sails .could not enter to Calcutta port. In 1957 the internationally 

famous river scientist Dr. Hensen proposed his plan of Farakka Barrage and 38 km 

long feeder canal to regulate water to the Bhagirathi river and 1,13,267 cumec (40,000 

cusec) water to Calcutta port. Not only this, the connecting pivot of Ganga-Bhagirathi 

at Jongipur was also regulated and somehow disrupted by making Jungipur Dam. It 

was proved practically wrong in ecological point ofview.It is contextually remarkable 

that at present the water table at Jungipur is 12.80 m and in the dry season near 

Mittipur the water table was 12.03m only in Ganga i.e. the difference of water level 

between Ganga and Bhagirathi in dry season is only 0. 77m (Rudra, 2000). For this 

reason during dry season discharge of Ganga grows to have water from Bhagirathi 

taking through the Jungipur barrage. In 1963, the work ofFarakka Barrage started and 

finished in 1971 and the Feeder canal was established on 21st May 1975. 

In every river system discharge (Q), slope(s), length (1), width (y), cross 

section area (A) and wetted perimeter (P) as well amount of burden to be drained, 

always maintain a dynamic equilibrium or a balanced state of river hydrology cum 

river hydraulics within their relationships. The Farakka Barrage had seriously 

disrupted the dynamic equilibrium. But that was not thought before. It was stated that 

'The best and only technical solution of the problem is the construction of a barrage 

accross the Ganga at Farakka with which the upland discharge into the Bhagirathi

Hugli can be regulated as planned, and with which the long term deterioration in the 

Bhagirathi-Hugli can be stopped and possibly convert into a gradual 

improvement. With a controlled upland discharge a prolongation of the freshet period 

will be obtained, and the sudden freshet peaks which will cause heavy sand movement 

and bank erosion will be flattened (India: Ministry of Irrigation and Power, 

Preservation of the port of Calcutta, New Delhi).Anyway the assumption could not fit 

to the present ecological situation.But the disrupted equilibrium resulted rigorous 

migration of channel from Rajmahat to Jungipur (74 km length of river). During the 

building of Farakka Barrage the construction of coufer Dam partially obstructed the 

main flow ofGanga.After completion ofFarakka Barrage the following two reactions 

coined to the academicians and planners. 

(a) Huge siltation in the channel 



/ 

' 

--.1 

93 

(b) The straight course became migratory to hold the huge upstream 

flow/discharge ofFarakka Barrage. 

To readjust herself in the changed ecology the river started to lengthen its 

course to hold the huge water coming to it and on the other hand the river also started 

to increase its width to hold the water as because oversiltatin at the U/S of Farakka 

resulted enormous bed filling and that resulted to attainment of more cross section 

area.Such need actually lead to the lateral migration ofthe river.It is actually natural 

in any river regime that if there is reduction in bed area bank side area by lateration 

shall certainly be enlarged. Since ability to transfer a load depends onlow and high 

water differences, volume of flow, velocity and turbulence in the system(Butzer, 

1976).Farakka Barrage has also reduced the turbulence level of the river bed by 

steady and long periods of siltation. Reduced downstream turbulence favours 

deposition of heavier materials that were eroded upstream of the interfluves (Butzer, 

1976). The obstructed river has no ability to wear down the hard rocks ofRajmahal. 

Consequently erosion is taking place at the eastern bank of the river. It is now under 

serious doubt that in future the river will create the channel of its own choice denying 

Farraka Barrage. The impact ofFarakka Barrage has been found both in the upper and 

lower course of the river Ganga. Some of the major impacts are summarised below: 

Upstream 

(i) Interception of the flow channel/changed from straight to oblique. 

(ii) Sedimentation (640x106
) metric tones year-J.(As per Banerjee,M) 

(iii) Reduction of the cross sectional area 

(iv) Declining slope of the long profile 

(v) Widening ofthe river and increasing length 

(vi) Increase in flood frequency and magnitude 

(vii) Severe bank erosion and displacement. 

(viii) Rising ground water table 

(ix) Tendency to bypass the Farakka Barrage also Kalindre- Mahananda. 

Downstream 

(i) Land reallocation from right to left 

(ii) Population displacement 
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(iii) Indo-Bengladesh border dispute 

(iv) Falling ground water table 

(v) Communication delinkage problem 

(vi) Threat to Farakka Barrage at Farilpur point 

It will take a more straight and easiest way of canalization either by taking 

Kalindri, Chota Bhagirathi or Pagla separately or jointly the all. The planners of the 

project could not think about tremendous future situation. They only thought about 

the then present problem of Kolkata port. Wining the nature should then only be 

possible if you abide bythe river and development should also be abiding by its desire 

(Rudra, 2000). This will seriously affect discharge condition. Upstream and 

dowstream of Farakka Barrage there is always quite differences in value of discharge. 

Discharge fluctuates between low and high water with great differences of 

level, volume and velocity (Butzer, 1976). 

The Ganga can't go to Mahananda along such a tortous route, But perhaps this 

generalization is not fitting to the reality. The river has its own history and its own 

role over alluvium.For example, Bhagirathi has changed its source with the migration 

phases of Ganga for about 35 km south-east. Rennell's report in 1787, the report of 

Steevenson Committee and Major Hirst's reports, the history of Bengal' by Adams 

William etc. prove the shifting history of river Ganga. The gauge level of the river 

Ganga both at upstream and downstream ofFarakka Barrage has been shown in table 

3 .11 and figure . 

Table 3.11 Daily gauge level both up and down steam at Farakka of the river Ganga 

Date Upstream water level (m) Downstream water level (m) 
29.8.1975 24.12 23.75 
23.9.1976 24.62 24.05 
18.8.1977 23.73 23.3 
21.8.1978 25.66 24.52 
31.7.1979 22.67 22.6 
7.9.1980 24.88 24.64 
6.8.1981 23.83 23.41 
9.9.1982 24.76 24.29 
22.9.1983 24.93 24.41 
15.9.1984 24.75 24.15 
20.10.1985 24.45 24.03 
6.8.1986 24.54 23.97 
13.9.1987 24.54 23.96 



01.9.1988 25.44 24.62 
09.9. 1989 22.82 22.58 
09.8.1990 24.14 23.78 
12.9. 1991 25.29 24.86 
21.9. 1992 23 .9 1 23 .67 
28 .9. 1993 24. 1 23.83 
18.8. 1994 24.95 24.62 
14.9. 1995 24.01 23 .84 
03 .9. 1996 25.06 24.77 
08.9.1997 24. 13 23 .86 

Source: FBA. 2000 

Gauge Level for Upstream and Downstream of the river Ganga at 
Farakka Barrage 
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Figure 3.8 Gauge Level of the river Ganga both Upstream and Downstream at Farakka 
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Thus the difference of water table head at the upstream and downstream part 

of the barrage is continuously ex isting and the upstream table is higher (averagely 

24.36 m from 1975 to 1997) compared to the downstream tab le (averagely 24.04 m 

from 1975 to 1997) . Thus exi stance of hydrostatic pressure on the barrage and back 

water pressure in the main channel boundary (Maida side) of the River Ganga is a 

result of unsteady di scharge over time of the ri ver at the Barrage point. Starting from 

1975 to 1990 the difference was more or less unchan ging but after 1994 to the flood 

of 1997( Fig.3. 8,a,b &c ) and onwards the difference increased very much. The 

following tab le is showi ng the variation of width of the channel at places. Variations 
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show reduction of width to only 2.65 km at Barrage from 4.2 km to 4.8 km at Khaskol 

& Sakullapur. The consequence is that the reduction of width and cross section area 

ofthe river is incapaciting the load holding efficiency of the river. At Panchanandapur 

the width is about 4.35 km which is only 2.65 km at Farakk.a i.e. a reduction of 1.7 km 

(table. 3.12). For which reactions of back water pressure at the Farakk.a pond section 

and over the channel boundary in the upstream section is increasing in due course of 

time resulting into huge bank erosion occurences. Thus the barrage is indirectly 

affecting the natural hydrodynamic adjustment of the River. 

Table 3.12 Spot-wise width of main channel (LC) ofRiver Ganga. 

Sl. No. Location Width (km) 

1 Manikchak ghat 2.00 

2 Domhat 2.30 

3 Moyanapur 2.30 

4 Aswinitola 2.55 

5 Khaskol 4.20 

6 Sakullapur 4.30 

7 Panchanandapur 4.35 

8 Ramnagar 4.30 

9 2 km u/s Farakka 1.75 

10 1 km u/ s Farakka 1.76 

Source: IRS LISS-III Imagery, November, 16, 2007. 

3.3 Fluvio-Geomorphologic Characteristics of the River Ganga 

The study on sequential changes in the course of Ganga, Ganga-Padma river 

system within West Bengal through applied Geomorphological studies during pre and 

post Farakka Barrage construnction based on comparative analysis of the SOl 

toposheets I PS (Thana) maps of Bengal survey and time senes IRS 

imageries(1996, 1997,1999,2003,2007 etc.) show a serpentine nature of channel 

shifting ofthe River.The river enters West Bengla from North West ofRajmahal (in 

Bihar) flowing in south-eastern direction, further downstream splits into two 

branches. The main channel flowing through Malda and Murshidabad is commonly 

Known as Padma reaching Bangladesh. The southern flow (branch) is known as 

Bhagirathi Hoogly. The changing nature of Ganga is a prehistoric one. The latest 



---~ 

97 

major change possibly occurred in the last decade of the 18th century which may have 

some interrelationship with the changing courses of the Tista-Brahmaputra system 

due to some neo-tectonic activities. Abandoned channels, left out meander scrolls, ox

bow-lakes, remnants of spill channels, older flood plains and lineaments etc. provide a 

synoptic coverage of the play field of the Ganga (Nlli, Patna, 2003).The Pagla 

river,an offshoot of Kalindri river, from south of Bhutni char was flowing in a 

curvilinear fashion upto Gopalpur and then flows in two branches with highly 

meandering course. The upper portion of Pagla is cut off from Kalindri. Pagla splits 

into two branches, south of Gopalpur and now (after capture) receive water from 

Ganga. The eastern branch is flowing eastward and then southward passing across the 

ruins of 'Gaur'.The other Branch flows southwesterly (NNE of Farakka 

Barrage).Further, Pagla passing through Kaliachak of Maida with a tortous channel, 

join the Gaur-side branch of Bhagirathi and goes to Bangladesh. The Pagla is the 

present day imprints of former Ganga course between 800 A.D. to 1,600 A.D. The 

specific change of Ganga during 1,700 A.D. had some interlinkages with the change 

in course of the Tista River in 1787 and the Brahmaputra river in later part of 181
h 

Century probably due to some geo-tectonic reasons.Manikchak-Gopalpur sector 

(active zone of erosion) experienced 700 m shifting of bank in 1997. From SOl sheet 

72P/13 (1971) and imagery 1997, 2003 etc. proved the engulfing of Pagla and 

straightening of the large extent of the river. The prediction held true by the 

occurrence of 1998 flood. But during 1989-1999, below Farakka Barrage observation 

of insignificant change in course was observed. Earlier map of survey of India , 

showing the river reach between Rajmahal and Farakka indicate wide lateral shift 

over periods.Survey maps of 1922-1923 and 1936-1937 show the straight channel of 

the course of Ganga (I&W, Govt.of West Bengal,2004).Crescent shaped abandoned 

lineaments of paleo channels with that of settlement lines near left bank of ancient 

time evident the fact truthfully. The line demarcating the normal habitation and sparse 

habitation has been termed as differential settlement line. A number of small pools all 

along and adjacent to the differential settlement time has been found. The line joining 

the adjacent pools has been marked as Margang (dead channel) on the 1922-23 

survey maps. The vertical heights of the channel charlands near the water edge has 

been measured to be 2 to 3 .Sm whereas the normal heights of the older bank ranged 

between 5.5 to 6.00m.The findings lead to acknowledge that the differential 
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i.e .channel bars.At Rajmahal the river follow a narrow neck or funnel !Ike shape 

channel of about 2.35km wide with an average depth of 10m below the pond level 

(21 .96m GTS) (I&W, 2004 pp.6) . The thalweg skirting the right bank of Rajmahal 

touches and hugs the left bank at Manikchak.Below Rajmahal the river for a distance 

of only 1 Okm enlarges its width for about 12km. The main channel takes off 2 
• important off shoots below Rajmahal. One is the central and the other is the right 

channel.The channels flow through the convex sand bars. The right one takes off2 km 

downstream ofRajmahal and traverses for 16.55 km and finally debouches into main 

Ganga channel at the more southward location. The average depth of the channel is 

about 4m below the pond level. The Central one takes off for 7.00 km and joins the 

central almost few above parallel to the junction of right and main channel. Its depth 

is about 5m below pond level. The chars located either side of the channels have 

almost flat to few inches elevation and tending to be submersible during floods and 

storm rains . At few locations downstream, the width of the right and the central 

offshoot is only 0.55km and 0.34 urn respectively (550m and 350m). During 1980 

such right channel was non-exiting. After 1980s to the onset of 1990s the right and the 

central one carried water share from the main channel but not developed to such 

extent that it could be signified as a pilot channel ofthe main one. From then the main 

channel having been independent from the other two, started to shift leftward laterally 
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and the areal extent of the convex sand bars on the right extended. The morphology of 

the right channel started on 1990s and completed by 1997 and development continued 

till date.On crossing from right bank to the left, the thalweg hugs the left bank 

adjacent to Manikchak ghat to a certain distance. The next 1. 5 km, it follows the left 

bank and an additional length of7 km i.e. for 8.5 km. The next hugging is at Khaskol

Panchannandapur bend which is termed as the apex of the meander bend. The depths 

above local datum of 2 or 3 m stands for about 20m to 22m below datum level. Here 

the bank alignment is almost vertical and shape is meander- head concave owing to 

regular cum tremendous slump over the soft alluvium. Not only this, but the average 

width of the bank is about 1,500 to 2,000m here at pond level .Keeping this hugging 

bend the thalweg now reaches to the right bank near Ramnagar just 1. 0 km upstream 

of Farakka Barrage and in Murshidabad it hugs the right bank reaching to the next 

bend of inverted meandering 'S' structure .The crow fly (straight) distance between 

Rajmahal and Farakka is only 29km whereas the thalweg distance is 43.5 km.The 

sinuosity index is 0. 66km which indicates the magnitude of meandering of the course. 

Investigation was carried out on the perception of the affected people 

regarding the causes of river bank erosion by the Ganga river through questionnaire 

survey (I 06 respondents). The salient findings have been tabulated in table 3.13. 

Table 3.13 Causative factors ofbank erosion: A stakeholder's perception. 

Perceptions % of Perception defender 

(i) 'Will of Allah' (God's desire) 07 

(ii) Floods of yearly recurrence 20 

(iii) Impinge flow I current attack 05 

(iv) Unprecidented rain (Wet season) 08 

(v) Excessive embankmenting 25 

(vi) In-channel bar/Char formation 10 

(vii)Loosc lithology of the Bank soil 25 

Total %of Perception defenders 100 

Source: Interpersonal and Group interviews, 2007 (June) and 2008 (October). 

Conclusion 

Thus the evidences of bank erosion in Maida district has found very much 

governed by the causative factors of both physical and socio-cultural types and even 

the architectural attempts have found partially responsible behind the occurrences of 
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age old bank erosion.Actually relief aspect with that of very low to negligible general 

slope of the district have affected the detained discharge of the River through its main 

channel. Similarly the other two off shoots like the central and the right channel is not 

enough capable to share the burden of the main channel.Regular wash out of the 

channels is also disrupted due to over siltation of the channels and has accentuated the 

chances of flood frequency. Climatic parameter like rainfall and heavy showers have 

also increased the possibilities of saturation of the banks. Strong ebbs and impinge 

flow attacks provoked by the secondary currents and helical flows have also 

aggravated erosion. The locational hadicappedness of the district in terms of hard 

shield rocks of Rajmahal belt and the softer alluvium of the Diaras have consequent 

imbalance of river current attacks.One of the banks(Rajmahal side) of the river is 

qui de hard , while the a thor being so soft is susceptible to experience the water head 

pressure reactions. The river in this section is also fatigued in terms of its high 

potential energy and low kinetic/dynamic energy factor.Starting from Manikchak to 

downstream of Panchanandapur the shear stress has exceeded the channel boundary 

resistence and factor of safety is many a times less than 0 I or even less than 

30%.Human interferences in the form of charland settlements,architectural 

activitieslike spur making,barrage buildings etc. have accentuated the degree of 

erosion.But physical factors have been emphasized as more prominent and are 

seriously dominating compared to the socio-cultural factors. In relation to the active 

and steady phases of erosion river hydraulics has been found one of the most 

accelerating factors. 
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Documentation of Bank Characters 
(Panchanandapur-Manikchak Reach) 
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The chapter has . been designed to understand the actual sc.enario of the bank 
.. i, 

characters keeping in mind the geomorphic parameters precisely. Special emphasis has 

b~en giveri to the height aspect of the bank at selected locations.Hands on field 

measurements,observations, inter personal coversations etc. have been used as 

methods of knowing the real. world situation. and thereby to document the field 

situation. From time to time data have been collected staring from 2004 to 2012. Bank 

slope assessment has been given prior importance to identify the shifting bank with 

almost wall like morphology and curve successions towards malda i.e. eastern bank 

areas. 

4.1 Height Aspects 

The reach between Rajmahal and Farakka, as discussed earlier is gradually 

changing with sand-silt soil resulting into decreasing strength to resist erosion. My 

visit to Ga11ga and bankside areas was carried out with a view to identify major 

erosional features, critical sub processes under fluvial action as well as understanding 

of active attack during each stay and careful analysis of each actions for more than 

couple of hours .. Use of field sheets resulted into valuable derivations as discussed in 

the following points. 

4.1.1 Manikchak to Domhat Reach 

Here average bank slope is very critical, ranging between 70°-80° and above 

t.e. almost a precipice or wall like bank facing every parallel flow attack with 

enormous bank side slumping (plate 4.1 & 4.2). Loose composition of erosive bank 

holds weak under such circumstances. Bank hardness as measured using copper coin, 

knife, hammer and nail was found very much erosive (plate 4.39a & 4.39b ). Order of 

deposition ofbeds along the bank was as below. The top soil layer (0'-80 em depth) 

was comparatively hard (hardly knifable) than immediately, intermediate and bottom 

soil layer (0.8- 2.5 m and 2.5- 3.6 m):Out ofthe total sub reaches studied, this reach 
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had the highest bank height, averagely of 3 - 4 m. It has been studied that higher 

bank heights with loose constituent materials withstand rare under serious events of 

gully and rill formation, and steady parallel impinge flow of water. Actually a stay of 

2 hours visualized the atta~k of more than 176 parallel flows of impinging currents 

(1.5 no. offlow attack per minute) and whirls of secondary flow and thereby removal 

of more materials from its concave bank to its convex bank following the thalweg 

line, and thereby deposition on the .inside slip · off slope below Panchanandapur 
. . 

Sakullapur and erosion on the outside of this existing bank. On the inner side of the 

meander bend of a river finer sediments are deposited and form point bar deposition. 

(Mukhopadhyay and Mukhopadhyay, 1990). A 16m length under study was found 

affected by severe geomorphic phenomena of the erosion-hectic bank. Banks within 

the reach was under serious threat of not only rill and gully erosion but also 

deposition of huge remnants at the bank foot. Rat holing associated with subsurface 

fluting (plate No.4.15) exhibits inert base seepage and subterranean passage 

flow.Cavities of 50 to 60m curvilinear length found mostly due to collapse of upper 

surface with oversaturated bank soil, block slip, withdrawal of basal support etc. and 

have been detected resulting into soil slip and creep along the bank. Vertical cracks 

have been witnessed at few locations (plate No.4.7 & 4.11) inspite of huge 

interferences due to remnant deposits associated with bank shearing (plate No.4. II). 

Profile study of a distinct profile horizons show approximately 40-50% of sand, 50-

60% of silt and probably 8-10% of clay. Seasonal fluctuations of water table and bank 

full stage with high root depth is a common feature along a wall like appearance of 

bank. The bank side landuse is of high economic demands. Reeds, orchards, 

cultivated fields, kalai and mustard are found being brought up inspite of threats of 

erosion (fig. 4.1). 

Main geomorphic expressions witnessed were 

(i) Rotational slip (plate 4.6) 

(ii) Rill and gully formation (plate 4.16) 

(iii) Subsurface passage way/gush-out holes (plate 4.3, 4.4 & 4.8). 

(iv) Cavities 

(v) Remnant deposits (plate 4.5) 

(vi) Undermining and areal collapse (plate 4.13 & 4.14) 

(vii) Block slip 
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(vi ii ) Bank fa ll (pl ate 4.9 & 4. 1 0) 

(ix) Bank soil detachment (plate 4 . 12) 

The important human prac ti ces have been fo und like fishing, agriculture, 

mango orchards and cattl e rearin g and most of the locatio n have fou nd medium to low 

settl ements al ongs ide the bank . Medium to low vegeta l cover mainl y plants & 

agricul tural fie lds were witnessed. Bi g trees o f Mango have fo und apart fro m the near 

bank sites and are found sparsely di stributed.The observati ons on bank characters 

reveal some standard numeri c levels. Soil tex ture was found medium (0.6) and stream 

a li gnment was of very low type (0.3). Bank slope was found almost steep( I .O)and 

s lope of inside depositional bar was also of hi gh values of ( 1.0). Here es timations on 

RRs (Recession rate) , TOM (Tons of Materi als di splaced) and YO (Volume of soil 

di splaced) are 0.05(5%), 76.26 tons and 43. 19 m3/havoc of occurrence respectively. 

Plate 4. I The remnants of the 81
" Emban/.:mellf 

(Retired 

Plate 4 .2 General bank Profiles in Diaras 

Plate 4.4 Closer View of subswface fl ow 
openings along the bank 



Plate 4.5 Bank front remnants resting on 
the unconsolidated substrata 

4. 7 Natural cracks introduced over banks 

Plate 4.9 Gravity collapse due to removal 
of subswface supp011 

Plate 4.6 Semici rr ular rotational slip outs 

Plate 4.8 SubsuJfacefluting opening as narrow 
seepage gushers 

Plate 4. 10 Gravity collapse at the disposability 
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Plate 4. I I Cutting along th e slip on s ide of bank 
near Domhat 

Plate 4. 15:Subswface injlo 11 · passages 
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Plate 4. 12: Hrdraulic shear stress action resulting 
into bank erosion 

Plate 4. 16:Gul/r Formations pouring down to th e 
channel O\'er silt bed. 
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Figure4.1 Sub Reach -wise identification of Geomorphic Parameters and Processes along the Left 
Bank of River Ganga. 
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4.1.2 Dombat to Aswinitola Reach 

The reach is in between Domhat and Aswinitola i.e. downstream of 

Manikchak.Bank slope angles ranges between 80° to 90° i.e almost wall like and 

which is also . prone to heavy subsurface undermining and erosion by parallel 

impinging flow attacks (fig.4.1). Measured bank heights were 3.4m, 3.6m, 3.2m. 3.0m 

and 3.3.m and an average of 33m. Hardness measurement with the use of knife, 

copper coin and hammer revealed that the top horizon (0.80cm) is hardly knifable 

mainly composed of thick piles of silt, the immediate 2 layers having thickness range 

of 80-200 em and 200-360 em were full of silts and sands and remnant of eroded bank 

materials (plate 4.17, 4.19, 4.20, & 4.21). About 19 m length for case testing was 

surveyed and was taken under observation out of the total 5 km length. 

Observed important geomorphic expressions were rolahonal slip. Rill and 

Gully formations, Rat holing, subsurface passages and cavitations.Composition of the 

bank side profile exhitrited 40% of sand, 55% of silt and 5-7% of clay.Lesser 

expressions of bank side fissures and cracks were .observed. Medium to low vegetal 

covers had been observed, mainly of reeds and vegetables.Very low human 

settlements with occupational practices. like fishing, agriculture and mango orchards 

have been found. 

Creeping of disintegrated bank materials along shattered parts have been 

observed near Aswinitola ghat area (plate 4.18) and about 1.5 km U/S of Aswinitola 

very localized part of supersaturated clay dominated bank part prone to collapsing has 

been found (plate 4.22). · 

4.1.3 Khaskol to Sakullapur Reach 

The reach falls under Khaskol and Sakullapur having bank slope ranging 

betweeri 70° to· 80° and is comparatively moderate erosive for the time being. 

Observations over past records reveal that during 2003-2005 this reach faced high 

rates of erosion and the present phase is more or less intermittent phase after havoc 

erosion of the hectic bank. Bahk Height redords at 4 spots had been measured 

amounting to 2.8m, 2.6m 2.9m and 2.7m and an average height of2.75m was found. 

Hardness assessment, resulted that the top layer (0-80cm) was hardly knifable and 

was comparatively harder than the middle(80-200cm) and the bottom(200-290cm) 



Plate 4. I 7 Slip of bank material over bank foot 

Plate 4.19 Depositional fas hion of Band of sand 
and s ilt layers of th e bank 

Plate 4.2 I 0.95m of thick si It band-pedon on 
/ .2m of high lustumus sand band 
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Plate 4. I 8 Creeping of loose materials 

Plate 4.20 Band of sands below ove11opping 
silt layers of the bank 

Plate 4.22 Subsidence of locally developed 
highly saturated clay pw1 of bank 

layer which were eas ily kifable.Two spots had been considered for measurement of 
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bank hardness and at both the spots similar results were determined.In the second spot 

the bottom layer was characterized by huge dumping of remnants (fig. 4.1). 

A 12m ofbank length was taken under treatment of measurement out of a total 

of 2km. Morphological characters like rotational slip, Rill and Gully formations, Bank 

soil detachment, Block slip, Block Glide, Bank fall etc. have been witnessed. 

Mechanical constituents of the bank are sand, silt and clay having percentage shares 

o:' averagely 70%;·28%. & 02% respectively. Imprints of vertical crarks were found 

.1 (plate No.4.23,4.24 & 4.25). In the case of another spot the shares of sand, silt and clay 

were found averagely of 75%, 20% and 5% respectively.Rotational cut outs 

associated with imprints of natural seepage and impinge flow attacks have been 

witnessed(plate No.4.26,4.27,& 4.28 ). Very low vegetal coverage over the bank had been 

observed specially because of highly unconsolidated and flying silt dominated bank 

(plate No.4.25). Settlement density has been found very low adjacent to the bank 

areas. Out of the main occupational practices fishing, agriculture and mango orchards 

had found very much. Cattle rearing was found as traditional practice of occupancy. 

4.1.4 · Sakullapur-Panchanandapur Reach 

Inclination of the bank slope was ranging between 75° to 85° which was prone 

to moderate to high erosion (plate N:o.4.30), 120 impinging parallel flow attacks for a 

stay of 2 hours were observed. Three layers (averagely determined) of the bank soil 

had been considered for mechanical analysis having depths of 0-80cm, 80-200 em and 

200-250 em .(plate No.4.29 & 4.31). The top layer was mainly composed of thick piles of 

silt characterized by moderately Knifable feature and exhibited mainly sand-silt 

composition. The bottom layer of the second spot has been found with full of 

remnants {fig.4.1); Total 13m length was surveyed out of the 2km length. Important 

morphological characters witnessed were Rotational slip, remnant deposits, Bank soil 

detachment, Block slip, Block Glide etc. Break up of constituent materals of the bank 

are mainly sand-silt and of sand with very poor percentage of organic carbon (0.03%). 

Sand receives about 50-60%, Silt45% and clay about 5% in the last layer (0-80 em). 



Plate 4.23 Slip of block of saturated soils of the 
bank 

Plate 4.25 Collapse of almost sand dominated 
bank in impinge flow attacks 

Plate 4.27 Rotational cut-outs 

111 

Plate 4.24 Block slip in motion( June 2008) 

Plate 4.26 Weak bank due to seepagejlow-otds 
thmugh the horizontal subsurface conduit 

Plate 4.28 Bank wasting in repeated parallel 
flow attacks 

[n the second layer of the bank profile received averagely 80% of sand, 15% of silt 



11 2 

and 05% of clay,whereas in the bottom layer sand receives domi nance.Important 

locati ons of crack and fissures were not significantl y observed. 

Very low vegetal coverage at the bank top had been witnessed but hi gh 

surface coverage by grasses and Reeds had been found (plate No.4.32,4.33 & 

4.34).Fishin g, agricu lture and di stant locations of brick making were found wh ich is 

the significant stay of occupation of the soc iety. Bank side areas have been 

characte ri zed by locati ons of earli er remnants of abandoned homesteads and are 

mostly barren from settlement usage. 

PI are 4.29 Phase-wise serial slump of bank soil 
upstream parr of sakullapur 

Plate 4. 3 1 Field Data collection (Height 
rneasuremem of bank ) 

Plate 4.30 Inclined bank slope near Sakullapur 
(abour 85" slope) 

Plate 4.32 Temporarr resistance against bank fa ilure 
offered bv naturallr developed reed lands 



Plate 4.33 C/ar Dominated bank downstream of 
P a11c h m 1 a11d ap ur 

4.1.5 Panchanandapur-Laskarpur Reach 
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Plate 4.34 Friable sands sweeping awar in late 
summer (June) in high velocitv wind action 

associated with water hYdraulic action 

Thi s reach is nearest to Farakka and with low bank heights compared to above 

four reaches. The average bank height has been es timated to be 1.2 m, rangi ng from 

0.95 to 1.7 m at di ffe rent selected spots. Top layers of 0-80 em have been found very 

hard and found almost composed of thi ck piles of silts and comparati vely higher share 

of organi c matters. The other two layers could not notice so dis tinctl y having 

comparatively hi gher contents of silt and clay and is comparati vely stable agaist flow 

attacks and water head pressure (jlg.4.1 ). 

Presencee of ve rti cal cracks with newer and older s ilts have found just 2-3 K ms DIS 

of Panchanandapur (pl ate 4.37) . At few locati ons prominant verti cal fissures have 

been noti ced. Fishing, ag ri cul ture and corn fie lds were fo und as symbols of 

ag ri cultu ral practices (plate 4.35 & 4.38). 

Reeds (p late No.4.36) are grow n natu rall y and seasona ll y. Medium settl ement occupancy 

of the bank areas have been found . 



PI are 4.35 Corns under rhrears of erosion 

Plare 4.37 Verrical cracks inrroduced on bank 
near Panchanandapur 
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PI are 4.36 Reeds under rhrears of erosion 

PI are 4.38 Reeds and Mango Orchards under 
rhrears of erosion 

PI are 4.39 (a) and (b) Examining hardness of bank soil using geological Kn ife and Copper coin 
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by the researcher 

The field work assessments regarding the measured heights of the abovesaid sub 

reaches have resulted the following factfile (table 4.1). 

Table 4.1 Calculation for bank height (Ht.) measurement Post monsoon, 2008. 

1 2 3 4 5 6 7 
~· 

8 Av. 
Height 

A B A B A B A B A B A B A B A B 

I. Khaskol-Mohonpur Reach 

2. 
2.84 2.07 2.36 0.71 0.77 1.71 1.83 

6 
1.48 1.54 1.3 1.42 0.89 1.54 1.36 1.42 

ii. Maynapur-Domhat Reach 

1.2 
1.33 1.65 1.70 ' 0.6 1.2 1.85 1.9 2.4 2.64 1.9 2.0 - - - -5 

III. Sakullapur-Khaskol Reach 

1.19 1.2 1.63 1.67 .1.21 1.23 2.21 2.35 2.30 2.36 1.60 1.90 - - - -

IV. Domhat-Manikchak Reach 

1.24 2.49 1.66 1.77 1.18 1.19 1.36 1.06 - - - - - - - -

V. Panchan:lndapur-Sakullapur Reach 

2.10 2.04 - - 1.62 1.60 2.50 1.95 - - - - - - - -

Source:Field Measurement,2008. 

The documentation .of the Bank Character in a more realistic and field based analysis 

can also be done with the help ofblock Diagrams as per field records (fig.4.2 & 4.3). 

4.1.6 Relationship study of bank height and other bank attributes (Linear 
relationship study) 

An approach is being carried out to study the variability of the parameters 

meaning thereby the parameters associated with bank fall and mass failure and their 

relation to height of the bank. The bank is almost standing and non-stationary because 

of attack of the flow ebbs and currents specially in the wet seasons(table.4.2). 

(m) 

1.62 

1.70 

1.74 

1.49 

2.03 



BANK PROFILE:Manikchak-Khaskol Reach 
[Progressive Erosional Signatures on Bank] 
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wall like 

BANK PROFILE: Khaskol-Panchanandapur Reach 
[Progressive Erosional Signatures on Bank] 
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Figure 4.3 Identification of Progressive Erosional Signatures on the Left Bank of 
River Ganga: Khaskol-Panchanandapur Reach. 
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Table 4.2 Comprehensive computations of model BEHI Anal ysis. 
Reach Average bank VD (Volume of TDM (Tons of RRs (Recession 

height (m) Soil displaced) materials Rate) 
(m3) displaced) (num) 

M-D 3.6 1 43 .19 76 .26 0.05 

D-A 3.30 26 1.95 462 .70 0.11 

K-S 2.75 187.48 264.8 1 0.13 

S-P 2.65 64.8 1 103 .00 0.05 

P-L 1.20 162.76 229.95 0.13 

Source:Computational compi lation Period:Post Monsoon2005-2006 

M = Manikchak; 0 = Domhat; K = Khaskol; S = Sakullapur; P = Panchanandapur; L = Laskartola. 

When average bank height is taken as independent (X) variable and volume of soil 

,Tons of material s di splaced, Recession Rate as dependant (Y) variables. 
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The relationship is negeti ve with the three variab les and the bank he ight (Fig.4.4,case 

01,02 & 03).The bes t fit line lie quite di stant from the scatters in all the cases, thus the 

inference can be drawn that with the increasing of bank heights, other variables do not 

changes significantly . Actually e rosion rates effectively response to the processes of 

impinging flow attacks ,secondary currents or helical flows etc.Bank hei ght can onl y 

respose positively in the form of bank fal l occurrences.In all the cases the values of 

R(corre lation coefficient) is very low to negligible. 

Now, the relationship study is being carried out with the he ights of the bank of the sub 

reaches with that of degree of proportion of bank failure (table.4.3). 

Table 4.3 Sub reach wise height-erosion hazard relationship (Jul y 2005-2006). 

Bank 
Sl. 

Sub reach 
height % lndex of Factors involved for 

No. (av.) erosion Hazard Hazard lndex 
(m) 

1 Manikchak-Domnat 36 1 18.93 (T+s+ V+G+B 1Bz) 
2 Domhat - Moynapur 3.30 6.3 1 T=Soil Tex ture 

3 Mohonpur-Khaskol 2.75 26.03 S=Stream alignment 

4 Khakol - Sakullapur 2.65 22.49 V=B ank top vegetal cover 

G-stream Gradient 
B 1 = Bank slope 

5 Sakullapur - Panchanandap ur 1.20 26.04 B2 = slope of inside 
depositional Bar 

Source: Fie ld Survey,2008 . 
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Figure 4.5 Relati onship study of Average bank Height (m) and percentage Index of ErosionHazards. 

The results are as be low: 

No. of poi nts 5 

Parameter Best fit va lue Standard Error 

Slope 6.3 15 2.047 

Y intercept 0 .000 

X intercept 0.000 

The line was forced through the po int : 
X = 0.000 Y = 0.000 
Standard dev iati on of res iduals from line (Sy. X)= 12.936m 
The P value is 0.0367 and was considered signifi cant 
The slope is signifi cantl y different from zero 
T = 3.085 with 04(n-l) degrees of freedom 

95 % confidence interval 

From To 

0.633 1 11 .996 

The rel ationship is negati ve. It states that hi gher bank parts are less affected than 

comparatively less bank heights having 0.86 to 1.00 m of height. Actuall y in rea l 

world situation the exposed bank of more prec ipice like structure are more acute to 

be pronounced and responding to the effects of impinging and parall e l flows of high 

velocity but the inci sed and concave meander morphology affects much than height 

and for which the percentage of eros ion is heigh in Panchanandapur than Manikchak

Domhat (jlg.4.5). Though in reality the susceptibility of toppling type failure increases 

with increasing degree of bank height but the angular alignment of the bank is also an 

effecti ve reasoning of failurity. In case of standing banks the attack of the ri ver 
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waves/ebbs create knotches at the scounng foot or below parts of the bank and 

percolates long distances as subsurface avenues or passages and thereby collapses the 

top frontal segment of the bank and ultimately fall as remnants at the bank foot 

consequent upon channel sand bars. The value of Standard deviation of residuals from 

line is very high and in 95% confidence level it is not a sgnificant relation. The t test 

value is as low as 3.085.The factor of height only resembles importance in terms of 

higher the height greater the amount of loss and vice versa but not the degree of 

erosion rate. 

The following methodology was used for this purpose: 

Methods of calculating stream erosion 

This is a very quick method of erosional model in which provison of quick 

number for comparing the tons of soil loss between various eroding banks, as well as 

predicting the total loss of sediments contributing to the river each year was also 

carried out. This method is designed to give comparative amounts for different 

stretches of the same river. It is not meant to provde the absolute measures of erosion. 

Values that someone might utilize the figures from the way the results are presented. 

The study being carried out is similar to that which was conducted for the 

Boquet river under the treatment and monitoring of New York State Department of 

Environmental Conservation. It was pre-assumed that following factors become 

actually very much susceptible to soil erosion. (i) non cohesive soil (ii) forest and 

natural trees have been cleared or destroyed in bank erosion (iii) Livestock and human 

interference with free access to the bank side areas (iv) extensive meandering 

operative with current ebbs in the channel. To have the critical value assessment of 

the above factor it was carried out with field sheets to calculate the tons of sediment 

loss per year according to the formula having been multiplied with a number of 

factors: soil type, stream alignment, amount of bank vegetation, stream gradient, bank 

slope character of the depositional bars across the river. In order to reach to the 

recession rate all these above factors had been multiplied. This recession rate is an 

estimate of the number of feet or kilimoters a river grasp towards the direction of 

eroding bank in a given time span. This recession rate was then multiplied by the 

height and length of the eroding stream bank in order to have the volume of soil 

eroded (VD) over the given period. The next attempt was to convert the volume of 
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soil displaced into weight, the figure ofvoluine of soil was multiplied by BD i.e. soil 

weight in lbs/:fl? (pounds per ·cubic foot) and compound figure of VD x BD was 

divided by 2000 in order to arrive at tons of erosional loss per year.To have the 

primary computations on soil texture (T), Stream alignment (s), vegetation at the top 

of bank (v),stream gradient (G), Bank slope (B1) and slope of inside depositional bars 

(B2);and three magnitude of rating values were assumed 0.3, 0.6 and 1.0 to be low 

moderate and~high,.value for each assessing factors(table.4.4). 

1. Soil Texture:. Soils with high percentage of clay are less susceptible to erosion than 

non cohesive. silts and sands and thereby value inserting will be 1.0 or 0.6 or 0.3 

accordingly. 

2. Stream alignment: As great curvature of the stream alignment results into greater 

erosion. The value will be 0.6 or 1.0, whereas significant erosion does not generally 

occur along straight sections of streams and thereby inserting the value of 0. 3. 

3. Vegetation at the top of Bank: Large trees and thick woody vegetation strongly 

bordering the bank top line prevents erosion. Some bank protection done by the tree 

root system is a good way against erosion. Higher the coverage receives 1. 0, moderate 

the coverage receives 0.6 and lower only 0.3 rating value. 

4. Stream Gradient: Higher the stream bed inclination, higher is the flow of the 

water and lesser or low or almost flat bed slope of channel encourages higher rate of 

deposition and channel bar formation. Three rating valuesl.O, 0.6, 0.3 for high, 

moderate and low stream Gradient have been allotted accordingly. 

5. Slope of the Eroding Bank: Eroding bank slope is the indicator of erosion 

oriented recession. A vertical slope and undercut bank means high rate of erosion and 

lesser the value of inclination ofthe bank lesser is the erosion amount. For 70°-90°, 

1.0 rating value 30°"70°, 0.6 and less than 30° rating value of0.3 can be inserted. 

6. Slope of the lilside depositional. Bar: The width is generally considered to be 

same but in case ·of-migrating rivers it is more or less changing. When erosion is 

occurring on the outside edge of a bend in a stream, deposition occurs on the inside 

slip-off side. The slope of the depositional bar is the indicator of rate of erosion. A 

slight slope is really indicative of the further erosion and lack of vegetal cover 

indicates much more erosional episodes, which is obviously very much reality in case 

of mighty rivers like Ganga over the poor lithology of alluvium. Assertion of0.3, 0.6, 
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and 1. 0 is dep~nding upon field observations, detailed survey and measurement of 

slope with instrumentation or equivalent qualitative assessment during field 

observation. 

The foregoing table is providing the field sheet for the assessment of the determining 

factors as below. 

Table 4.4 Pre-Considered Parametric standards of Model Field Sheet. 

1(a) Soil Texture: T 0.3 D Delay, silty clay silty clay loam 
0.6 Osandy clay, loam silt loam 
1.0 [:;Jloamy sands, gravel 

(b) Stream Alignment : s 0.3 [:;Jstraight to slightly curved. 
0.6 [:;Jmoderately curved 
1. 0 [:;J Sh~ly curved near 90° 

(c) Vegetation at the top 0.3 [:;Jtrees 
of the Bank :v 0:6 [:;Jweeds, grass, shurbs 

1. 0 D D · crop, pasture, lawn, road . 
. (d) Stream Gradient·: G · · 0.3 [:;Jslight (few to no riffies) 

0.6 [:;Jmoderate (balance of pools and riffles 
1.0 [:;Jhigh (Primary riffies) 

(d) Bank slope: B1 0.3 [:;Jslight (3:1 or <3:1) 
0.6 [:;Jmoderate (>3: 1 but <1: 1.1) 
1.0 [:;Jsteep (1: 1 to vertical) 

(f) Slope of Inside 0.3 [:;Jsteep (>3:1) 
Depositional Bar : B2 0.6 Qmoderate (<3:1 but >10:1) 

1.0 [:;Jslight(<l0:1) 

Source: Terry Hall, Water Quaiity Specialist,USDA-NRCS,San Benito County,l994,2002 

Used by NYSDEC, and BRASS, (www.awqa.org/pubsiwaterquallevalsedloss.pdt) 

RRs = T x s x G x B 1 x B2 = [Soil weight (BD) lbs per cubic foot] 

Volume of soil displaced (VD) = L x H x RRs 

Where L =Length of the bank (mile/kms) 
H =Height of the bank (feet or m) 

Consideratios for BD 
(i) Silts and clays, 80 lbsl cubic foot 
(ii) Loams, 90 lbsl cubic foot . 
(iii) Sands, 100 lbs I cubic foot 
(iv) Gravels, 120 lbs/cubic foot. 

Tons of soil displaced (TD) 
= (VD x BD) I 2000 
= (--x--)/2000 =-Tons. 

[2000 pounds=1 short Ton,2240Pounds=1 Long Ton] 
[lm3=35.3147 fl?] 
[1 Ton=2204.64 Pounds] 
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4.2 Bank Erosion: Types & Patterns 

Rivers are referred to as dynamic systems which means they are in a constant 

state of change. Normally the factors related to the stream formation are complex and 

interrelated. These ·are, amount and supply of water, catchment geology, bank side 

vegetation, alignment of the river bank etc. These are changing in respect of time and 

the response of the river w~th the changing factor is the alteration of its shape, form 
. ' . . 

and location. In stable streams'": the· rate of these changes are generally slow and 

imperceptible. It is assumed to be paradoxical that the stable systems are l)luch slower 

than the unstable systems. Deluge is a trigger effect behind such occurrence's. Over 

clearing of catchments and stream bank vegetation, poorly managed sands, stream 

straightening etc. are the examples of management practices which result in 

accelerated rates of bank erosion. 

The following are the important geomorphologic actions found in a riverine environ: 

(a) Stream bed lowering and infill. 

(h) Inundation of bank soils followed by rapid drops in flow after flooding 

(c) Saturation of banks from off stream sources . 

(d) Redirection and acceleration of flow from lean to peak season with critical 
shear flows · 

(e) Removal or disturbance of protective vegetation from stream banks. 

(f) Bank soil resistance and bank soil profile characteristics. 

(g) Wave action generated by heavy blowing wind and wind current operating 
over banks. 

(h) Sand extraction & other anthropogenic causes. 

(i)· Intense rainfall events (catastrophic occurrences) 

G) Imbalance of in-channel water level and bank side Ground water table. 

Bank fracture (mass failure) and scour of the bank at foot level are the two 
' . . 

most effective actions. along the lower reach of Ganga as a recurrent phenomenon in 

Maida and Murshidabad districts especially in the wet season from June to October 

every year. Normally the·preflood erosion is caused by shearing of current along the 

bottom of the bank or bank toe. Similarly the after flood shocks come from the 

proce·ss of liquefaction and consequent flow pattern of rills and Gullies. The River 

facing shelving cliff like form of the bank makes it vulnerable to erosion. Here the 
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cliff like bank display micacious fine or medium sand at bottom with overlying thick 

brown clay-silt. top layer of 2 to 3 m of thickness. Normally during peak and high 

discharges the shear stress surpasses the shear resistance of the bank, the safety factor 

(F) becomes negative and .collapsing in the form of mass failure occurs. In channel, 

sedimentation narrows down the cross section area between the shelving bank and the 

channel bar creating extra pressure of fluid velocity for which erosion rate accelerates. 

During the rising phase. Qf:hydrographs, undermining at the cliff foot develop linear 

cracks or fissures on the bank to achieve more space by slumping the bank and 

thereby maintain its dynamic river system. The underlying sand layer rapidly washes 

out because of less cohesiveness. For which the blocks of bank slumps along the 

fissures. Eddies and impinge parallel flows result into elliptical scour of the bank and 

secondary helical flow result into repeated blow over periods on the bank. Increasing 

. eftluent seepage weakens the bank stability to withstand properly. Though· boulder 

pitching restricts shearing but liquefaction and flow attacks can hardly be prevented. 

The effiuent seepage creaies tremendous pressure on the guard wall and cause 

gravitational fall down. These boulder remnants also aggravate the situation of 

sedimentation. These all are culminating into the oscillation of the river to and fro 

within the limits of its meandering belt. Normally the following types of erosional 

features are more common in case of river Ganga. The main processes can be 

precisely categorized under the 2 heads: 

(a) Bank Scour 

(b) Bank failure 

Scour is divided into the following sub processes 

(i) Undercutting I undermining 

(ii) Toe erosion/ under toeing 

(iii) Wind wash by blowing 

(iv) Liquefaction 

Different kinds of bank failure of the river Ganga in Maida district include (i) 

rotational slip, (ii) rill and gully erosion, (iii) subsurface wash I effiuent seepage, (iv) 

cavitation, (v) block slumping, (vi) toppling failure, (vii) block fall, (viii) earth I mud 

flow and (ix) block glide. 

Now the above said processes are being discussed below: 
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4.2.i Rot~tional Slip 

The semi circular motion of a mass of rock and I or soil as it moves down 

slope along a concave face; a rotational slip is occurred. The basic mechanism for this 

would seem to. be the imbalance between accumulation of saturated rock mass at the 

. top of the bank face and abrasion cum disposal of soil from the base level surface. 

Then having no basal support the up hanging mass slips like scooping (plate No.4.40). 

Here the sliding mass rotates with the bottom slipping further forward than the top 

(Smith, 1984).Examples may be cited from Panchanandapur, Sakullapur and Khaskol 

side bank of the river Ganga. 

4.2.2 Rills and Gullies 

. According to David, S.G, 'Rills are small ephemeral channels' that often form 

in sub parallel sets on sloping agricultural land in response to intense runoff events. 

They are ·common on steep and unprotected or bare banks and earthen embankments. 

They are small but long-lived channels that carry run off and convey water to the 

main channel (fig.4.2). Rill dimensions lie in the range of centimeter to decameter for 

both width. and depth, but rill length may reach hundreds of meters (Thomas, 1985, 

1994, 2000).They carry fast flowing water and scour the beds efficiently and 

contribute to the bed load of the main stream. Cutting the banks they often 

characterize themselves as shallow, laminar and sub critical in respect to flow 

receiver. A threshold of STREAM POWER when crosses, they are powered by 

0.05w/m2
. Their retreat creates head cuts and results into havoc of erosion and 

sediment transport by them appear to require power levels increased. Over soft rocks 

they are turbulent and erosive and ·powerful during storms. If rainfall continues the 

rills may be further eroded and enlarged to form gullies (Smith, 1984).It is uneven 

removal or surface soil by the formation of small scale rill chanpels; known in USA 

as rilling (Monkhouse and Small, 1976).Ifthis continues, the rills coalesce into large 

gullies (concentrated wash) leading to gully erosion. 

Gully in normal sense means coalescence of rills with concentrated flow. It is 

a steep sided trench or channel often deep (several meters), that is cut into poorly 

consolidated bed rock, weathered sediment or soil (Thomas, 1985, 1994, 2000). 

Sometimes these are ephemeral flow of running water. These are deeper and longer 

than rills. They create deep gush out in the land surface and over the banks especially 
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when this consists of soft· materials (Monkhouse & Small, 1976). In other's 

perception; these are incised water worn channels (Smith, 1984). It is formed when 

overland flow down a slope especially following heavy rainfall concentrated into rills 

which merge and enlarge into the Gully (Smith, 1984). Large volumes of soil and 

debris may be removed especially where the underlying rocks are soft and non 

cohesive. Removal of overlying vegetation contributes to the havocs of erosion. 

Manikchak, Moynapur side eastern· bank of Ganga is the best example of rill and 

gully formation (fig. 4. 6). 

4.2.3 Subsurface wash I fluting 

Subsoil is defined as a traditional layer of partially decomposed rock 

. underlying the top soil and overlying the bed rock (Monkhouse & Small, 1976). It is 

thus the in-between layer oftop and bottom soil. When percolation is steady and void 

ratio of the top soil is more pronouncing a subsurface layer can contain flow of water 

opening into the main channel as tunnel flow and alternatively known as subsurface 

fluting or effluent seepage, sometimes for larger distances of length (10 to 15 km). It 

is sub-surface moisture migrating laterally within the regolith and transporting 

material in solution and fine particles to give lateral eluviations (Monkhouse, and 

Small, 1976). Subsurface wash thfough sandy subsurface layers result into hollowing 

of the layer and further increases collapse of the topsoil. It is the movement of water 

through the pores ofthe soil, sediments, or porous rocks. It is diffused and relatively 

slow flowage compared with flow through fissures, springs or natural pipes. The riv.er 

Ganga below off take of Bhagirathi becomes alive due to seepage flow in summers. 

Examples may be cited along the Manikchakghat to Domhat reach. In hydrology it is 

oozing out of water (Mayhew, 1997). It reacts over saturated banks as vertically or 

laterally during flow of seepage arid this twin action wear down the strength of bank 

rock and accelerate further mass failure. 

4.2.4 Cavitations 

Normally cavitation occurs in high velocity water (8-16 m S"1
) in irregular 

channels, when local acceleration causes pressure to decrease the vapour pressure of 

water and airless bubbles form. Subsequent local deceleration and increased pressure 

results in bubble collapse (Thomas,1985,1994).This process is a manifestation ofthe 
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conservation of energy; increased kinetic energy during flow acceleration is balanced 

by decreased pressure energy (fig. 4. 7). 

The bubble implosion causes shock waves that erode adjacent solid surfaces 

like hammer blows (Thomas, 1985; 1994). When and where there is outstanding 

increase in velocity and· water saturation in the channel associated with lateral flow 

attack like hammering blows cavities occur subsequently. In river Ganga patches may 

be seen at Khaskol, Sakullap~r, and Panchanandapur 'etc, The process ·of cavitation is 

actually the wearing of rocks by running water, when bubbles of air and water vapour 

collapse, causing minute shock waves against bed and banks (Monkhouse and Small, 

1976). Cavitation causes shock waves and usually occurs downstream of local 

obstructions on the. bed and bank. It seems that it is an important erosional hydraulic 

force in streams and rivers (Mayhew, 1997). 

4.2.5 Undercutting I Undermining 

Undercutting is a process in which erosion continues in the lower part of a 

bank. It eventually results in a rock fall or slumping of the bank or scar (Smith, 1984). 

During high velocities the foot .level of the bank is attacked by the flow of impinging 

character and hydraulic action causes subsurface erosion i.e. erosion of the sandy 

intermediate layer sandwiched between two silt-clay top and bottom soil layers). 

Consequently the removal of sub soil results into· collapse, jointing and washing out of 

the. topsoil and steady downfall occurs in such a way that areal loss of bank land 

occurs variously (plate No.4.41). It is also called as under toe erosion and washing out 

by backwashing during the to and fro action of the wavy sea currents. These are the 

erroneous effects of rip current flows that occur within the fairly confined zones: 

Mainly 3 important factors affect the action of under toeing soft soil matrix of the 

bank: 

(a) Impinging and parallel flow attacks 

(b) Concave-convex meander bends with staining bank almost at right 

angle .. 

4.2.6 Block slumping 
. 

Mass movement down the steep faces banks is susceptible to slumping. The 

action of water mainly subsurface flow undermines the soil strata and lubricates the 

soil matrix especially clay for which upper strata slumps down. This block slumping 
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involves shearing or materials, tearing away of a soggy mass of material usually with 

a distinct rotational movement on a curved plane (Rotational slip) leaving a scar 

(Monkhouse & Small, 1976) is favourable for block to block slumping down . 

. Lubrication and mobility of subsurface strata actually predominated by well cracking 

and detachment from backward head wall of bank usually triggers such occurrence 

near Panchanandapur, Khaskol, Sakullapur, Manikchak area of river Ganga (plate 

No.4.42). 

4.2. 7 Block slide/ Block Glide 

Block slide ~r Block Glide is more significant of all types of slides, wherein 

large soil ~ks-sfide down the bank slope. Sometimes massive and enormous blocks 

wejlrJdown as mass failure. Blocks of bank soils separated by joints of vertical ---- -

_.-----_.-/- dimensions create disintegration of one block from other and gravity compels them 

down to fall. These usually develop foot level remnants of the bank, and such 

remnants are washed away by steady flows resulting into formation of in channel 

··bars. 

4.2.8. Earth flow and M_.dflow 

Earth flow is promoted by mostly through rainfall so that materials are 

oversaturated (Singh, 2002). Earth flow is more common on valley sides having 

alluvium, rich in clay minerals. Mud flow differs from earth flow is that the former 

inay be noticed by the observer, while the later cannot be noticed because earth flow 

is not very common. The water content is huger in case of mud flow than the earth 

flow. Alluvial banks of river have comparatively much susceptible to mud flow and 

the remnants so produced are transported by the river. Solvent water in mud flow 

coagulates mud and channelizes through the rills and gullies produced over the banks. 

4.2.9. Bank fall 

Instantaneous fall of jointed and weathered soils including large blocks from 

steep and cliff like standing banks falling into rivers under the influence of gravity is 

the outcome of 'Bank Fall'. The size of soil mass fragments depends upon the size 

and pattern of cracks· introduced. This type of movement involves vertical 

displacement· or movement of materials without water. The velocity of fall is rapid 

and excessive than any other form of movement. It is removal of individual and 

superficial blocks. Most bank falls are promoted by hydro fracturing, stress release, 
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the wedging action of tree roots and other weathering processes associated with toe 

cut outs (fig.4.8).Undercutting usually accelerates the rate of fall. Whereas other 

important factors related to such phenomenon are as follows: 

(i) humidity factor 
(ii) lithological factor . 
(iii) structural characteristics ofbank soil materials 
(iv) nature of slope and. 
(v) vegetation cover · · · 

In humid areas the fallen materials are collected at the bank foot and involves 

down slope movement of finer materials than heavier materials by the action of the 

rivers. Thus,· stream bank erosion is an assemblage of quite more factors. Normally it 

is traced to two major factors: Stream bank characteristics (erodibility Potential) and 

hydraulic I gravitational forces . These processes of erosion include surface erosion, 

mass failure (Planer and rotational), fluvial entrainment (particle detachment by 

flowing water, generally at the bank toe), dry ravel, scour, liquefaction, collapse, 

positive pore w~ter pressure, both saturated and unsaturated failures and soil piping. 

Hydraulic and gravitational forces occur within the soil mantle as well as within the 

water column of the stream itself (Thomas, 2003). 

The veloCity, velocity gradients, boundary shear stress, strong down welling 

and up welling currents in the near bank region back-eddy circulation and other flow 

mechanisms also affect rates of erosion as proposed by Rosgen et a/. Thome (1982) 

Simon, 1996. Darby and Thamer (1997), Thome (1999) and Simon, eta/. have done 

their works of recent stream bank mechanics and stream bank stability analysis. 

4.3 Soil study of the Bank (Panchanandapur-Manikchak Reach) 

Soil mechanical analysis from the point of view to verify and analyse the 

textural characters of the soil is directly related to the mechanical assessment of the 

soil i.e. understanding of p·resence of percentage of sand, silt and clay in the soil so 

that to make out a comprehensive idea about the cohesive nature ofthe soil i.e. rate of 

integration or .compactness of the soil mass. An international classification system 

defines particles with diameter less than 0.002 mm as clay, those with diameter 

between 0.002 and 0.02 mm as silt.and particles between 0.02 and 2.0mm in diameter 

are sand.(Hussain, 1999).The term 'loam' is used to describe mixture of the different 

size classes of soil particles (Hussain, 1999). 
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The study has been ca.rfied out taking the left bank side country soil of the 

River Ganga starting from Manikchakghat to Panchanandapur. The work has been 

carried out in t.he Diaras of Maida, which is low lying, very deep moderately well 

drained coarse loamy soils occurring on very gently sloping active alluvial plains. The 

Diara is the low banks of a _river and karara the high bank meaning thereby land 

below and above flood level. 14 spot level data (SLD) from the laboratory records of 

office of the Soil Cons~rvatioil Officer, soil survey, Maida, Govt. of West Bengal 

both of 'off bank spots' and 'Near-bank Spots' accompanied by on field profile 

analysis were attempted i.e. total 20 spot profiles were studied starting from 'Ground 

level' to a 'subsurface depth' of 160-180 em taking averagely unclassified layers. 

Photographic-survey of the reach helped to trust the reality with that of the laboratory 

assessments. All the spots of 'on-field' profile analysis were restricted to the exposed 

bank heights attached to the water heights of the river. 

As soil texture refers to the size and proportion of soil particles, the erodibility 

factor and the shear strength of the bank is directly related to the soil mechanical 

character. The physical properties of the soil constitute the factual background upon 

which are based many of the operations involved in the practical management of soil. 

A close examinations ofthe studied profiles exhibit the fact that 44.16% ofthe grains 

are of medium size designated to 0.2 to 2.0 mm of diameter, 50.66% are of fine size 

with diameter of 0.02 to 0.2 mm and only 5.17% are of coarse size following the 

international system of soil separates (Daji,Kadam, 1996). Average void ratio of the 

soil particles was moderate to high amounting to 30-35%. Soil density level was 

found low to moderate i.e. 1.75 to 1.80 gm cc-1 which is indicative oflower the nature 

of compactness, presence of soil cementing materials i.e. percentage of organic 

carbon ranged as low as 0.31% to 0.41% and in few profiles estimated organic carbon 

was ranging as little as 0.04% to 0.39% only. Almost in all profiles it was less than 

0.5%, many soils contain colloids which are principally of organic origin, these occur 

as a gelatinous coating on the surface of mineral particles (Robinson, 1972), scarcity 

ofwhat makes the soil loosened. Textural surgery displays that sandy clayey loam top 

soil (layer depth 20-70cm) is standing on the basement of either sandy or silt-sand 

substratum which is easily soluble and prone to erosion by subsurface fluting, bank 

soil undermining and aerial liquefaction (table.4.5). Another important feature reveal 

that in a sample profile the top 2layers (depth 0-20cm and 20-40 em) out ofthe 8 nos. 
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are characterized by 50-:60% of sand whereas the next 3 layers (depth 40-60cm, 60-

80cm and 80-lOOcm) have 75%-95% of sand particles whereas the last 3 horizons are 

characterized by 20%- 30% of sand but 30% - 50% of clay and silts. Such soils are apt 

to be acting and even to suffer water logging consequent upon mobile watered zone of 

subsurface passage i.e. paths of fluting. As a result of fact these horizontal layers 

hardly withstand /hold the loose sandy sub soil which is featured to tremendous 

undercutting and washing ~way ofthe sandy pedons result into·wasting cum collapse 

of the upper top soil. 

Table 4.5 Sample profile characters of river Ganga in Malda district, West Bengal. 

SI Geographical Soil Organic Clay Silt Sand 
No. Referenee depth carbon (%) (%) (%) Texture 

(em) (%) 
1 0-15 0.20 24:21 32.09 . 43.79 L (Loam) 

2 8. 15-30 0.10 12.51 16.2 71.29 
SL(Sandy 
Loam) 

3 1J~ 30-60 0.30" 1.42 2.1 96.48 Sl (Sandy Loam) 
4 ..<:: !a 60-80 0.24 7.56 16.1 76.34 S1(Sandy Loam) 
5 ih . 80-100 0.04 19.9 38.0 42.10 SL(Sandy Loam) 
6 100-150 0.03 41.5 35.0 23.50 C (Cl1!Y) 
7 150-175 0.14 39.4 33.0 27.60 CL (Clay Loam) 

Source: Office of the soil conservation Department, Govt. ofW. Bengal (Maida). (Compiled and arranged by the author) 

A close examination of the soil layers from ground level to a depth of 180 em 

at exposed sites display the fact of over dominance of sand having average proportion 

share of 40.20% and share of clay and silt ranges only 23.61% and 25.58% thereby 

amounting to half of the share of sand. Estimation of soil porosity is another 

parameter here which attributes to the easy erosion of the soil (table.4.6). 

The computed average density of sand is 1.6 to 1. 7gm cc"1 whereas net density 

amounts to 2.75 gm cc-1 approximately which is also indicative of about 50% of 

porosity i.e. pronounced to steady hydraulic erosion. If the relative or average density 

and net density of silt and loamy silts amounts to 1.30 and 2.65 gm cc-1 respectively, 

about 50.9% ofthe pore spaces ofthe soil profile is subjected to over laden by air and 

water and in such condition water saturation by subsurface natural pipe lines and 

expansion of river water as well as rain water infiltration initiated by capillary 

flowage help to disintegrate the anatomy of the layers of soil attributing to further 

erosion by· secondary currents within the channel and big cavities are produced. 



Table 4.6 Comprehensive soil properties (Mechanical Analysis) of20 
studied profiles. 

Sl. No. Depthincm · Av. Sand(%) Av. Clay(%) Av. Silt(%) 

1 0-20 47.13 22.79 28.94 

2 20-40 55.83 20.79 22.77 
... 

3 40-60 56.66 21.18 22.36 

4 60-80 . 50.60 24.11 27.46 

5 80-100 42.81 25.40 29.96 

6 100-120 37.41 28.62 29.07 

7 120-140 33.18 28.82 29.71 

8 140-160 25:06 26.32 28.33 

9 160-180 13.03 14.42 11.68 

Average% 40.20 23.61 25.58 

Source: Compiled data (both secondary & field data). 
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The important mechanism which is seriously effective in the Sub-Himalayan 

Ganga Plains is the action of the rain drop or splash erosion preferably where there is 

prolonged periods of rain and the 'peds' are structure less like the 'peds' of 'entisols'. 

Diaras receive averagely 2316.2mm of annual rainfall (Agriculture Annual Plan, 

2001) which is tremendous to rain drop splashing and downwardinfiltration of water. 

It has experimentally observed that raindrops can vertically rise up to 0. 7 m from the 

ground after striking the bank soil and may be displaced to the extent of 1-2 meters 

horizontally. According to Das P. and Basu S, 2004 on sloping lands or when blows at 

a great velocity these displacements may be even more. Thus rain water striking on 

the bank soil penetrates deep about 10-12m down the sub soil at the level where clay 

dominated pedons are present and thereby infiltration abruptly reduces to 60-70%.As 

a result stagnant gravitational water erodes horizontally and fluting creates subsurface 

base . flowage and steady undermining as clayey soils without structure have pores 

clogged with fine particles; From pedogenic point of view the entire area is broadly 

falling under the category of 'Entisols' (ICAR, Nagpur). In general the soil posses 

fine to medium texture and characterized by high average pH (1:2 ratio) almost 7-8, 
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lower the availability of organic carbon and average base saturation of 80-90% 

irrespective of the horizontal layers .. From the outset such soils are technically termed 

as 'Orthents' having very poor cohesion. Thus the results provided here evident 

clearly the pedogenic responsibility of the soil behind the causation of age-old 

problem of soil erosion though river water head, creating liquefaction and soil 

saturation by sucking, accelerate, the situation. · 

Not only the morphdlogy and distribution of sand silt and clay results into 

heavy erosion of the bank rather the chemistry of the silica (sand) also play a vital role 

in the erosional propagation. Silicon is the second most abundant element in the 

earth's crust after oxygen as silica (sand or quartz) and silicates. In silicates, (Si04) 

unit may occur ·individually group or be linked to form chains, rings, sheets or three 

dimensional frameworks (Jauhar, 2003). The abundance of silica (Si) is 2.72 xl05 

ppm frameworks (Jauhar, 2003) which are very high compared to other elementary 

crust building substances. Similarly silicon is a good semiconductor (electro 

negativity: 1.8) and ratio of ionic radius to atomic radius is 0.33pm (118/40pm).It 

melts at the temperature of 1,693K (1420°C) and boils at a temperature of 3,350K 

(3,077°C) (Jauhar, 2003), which is.unbelievable in normal climates. 

Thus in situational and climatic conditions both melting and boiling of silicon 

normally in the appearance of sand or Si02 is not possible until and unless it is treated 

in the laboratory. The natural existence of silicon dioxide (sand) is less metallic 

because of large. ionization enthalpies. Silicon and carbon both in nature behave as 

non-metal. The silicon and its group item generally show tetravalency by sharing four 

of its valence electrons. Normally they are stable though they· have oxidation state of 

+4 and this +4 oxidation state is comparatively low stable than +2 oxidation state 

having in Ge(Germanium),Sn(Tin),and Pb(Lead).Thus in a same group(14)lead is 

more stable than silicon and silicon-di-oxide called silica(sand)consists of continuous 

lattice of silicon and Oxygen connected by covalent bonds. In the structure of atoms 

of silicon, it is surrounded· by four· oxygen atoms with tetrahedral arms. Thus there are 

no discrete Si02 and it is a network solid. The motive here is to prove that silicon di 

oxide (Si02) is widely found as sand and quartz. As already discussed consisting of an 

infinite three dimensional network of silicon and oxygen connected by covalent bonds 

exists in many amorphous and crystalline forms. Thus silica has good resistance in 

chemical bondage and also in physical morphology. 
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One unit of indefinable silica is highly temperature resistant and chemically 

individual that sticky viscosity is seldom possible in case of sand. Discussion on the 

chemical characters of Si02 also fits to an extent in the study area and abundance of 

its availability there, proves the background reality of high rate of erosion with 

reference to the chemical property of sand. 

Organic carbon with clay can combine the smallest grain of silica or sand but 

unavailability of that can cause great singularity of silica grains which actually results 

in higher the erosive attitude of silica in hydraulic action of river and blowing winds. 

In all the form silicon is tetrahedral surrounded by four atoms of oxygen and each 

comer is meshed by other tetr8.hedral forming an infinite array. Thus in existence sand 

is really erosive than silt and clay . 

. The physical constants of silicon really in such a way selective that it reacts 

mostly stable in nature as well in normal condition silicon dioxide lie most non

reactant for which longer the times more cohesiv~ compounds are not produced from 

silicon dioxide. In niore geographical sense silicon dioxide (Si02) does not even 

produce good bondage with silts and clay. Whereas clay has a good metallic character 

but sand has avery low or non metallic character having an electro negativity of only 

1.8 compared to metallic state of 4.0 as a high metal. Normally non metals are more 

erosive than metals. Normal temperature ofMalda with an average figure of25°C is 

really ineffective for silica and its oxides as the melting and boiling of them is only 

possible at higher and unnatural conditions. Thus existence of averagely 50-60% of 

sands along the bank side soil profile is the real favouring condition of erosion in case 

of river Ganga and for which the. bank soil is highly compelling towards gravity and 

toppling, slumping and gliding is frequently operative forms over the bank. 

On the other hand the bank side liquefaction cum areal collapse is thus very 

much responding due to the over appearance of sand. The following diagram (Fig.4.9) 

says that gravelly sands and clay soils are available at greater depths but the Ap to B22 

layers are dominated by silts and silt. clays in general, thereby enhancing chances of 

bank failure. For site specific analysis data were collected from Office of the Soil 

Conservation Officer, Malda about some near bank and far off bank spots of 

Kaliachak II and Manikchak Blocks (tab/eA. 7 &fig.4.10). 



·l ~ r' ~-. ") ".. . 

SECTION-07 

T EXTUHE LEGEND 
SECTION-dB 

Source: NBSS a LUP (I CAR). REGIONAL CENTRE. KOLKATA 

Figure 4.9 General Soil-scape of Lower Ganga Plains (Parts ofMalda, West Bengal). 

Table 4.7 Average percentage share of sand, silt and clay. 
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40.20 

26.54 

23.83 

Source: Compiled data. Note: Ranks based on higher %value of sand, silt and clay to higher rank 
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Figure 4.10 Bank Soil depth -wi se di stribution of share o f sand .s ilt ,and c lay along the le ft bank of River Ganga. 

The above an a lysis re veal s that the percentage of sand is appearing much in 

the pedons/layers with depths 20 - 40 em, 40 - 60 em and 60 - 80 em and the 

appearance reduces in the bottom pedons/layers like I 00 - 120 e m, 120 - 140 em, 140 

- 160 em, and 160- 180 em depth leve l indicate almost more or less si mil ar 

di stribution of sand , silt and clay. Rankin g of depth-wise pe rcentage share of sand 
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indicate the situation vividly. Such ranking in case of silt has shown highest share in 

the pedons 80 ~ 100 em and 120- 140 em, where as the layers like 20-40 em, 40-

60 em, 160 - 180 em etc. have lower the appearance. In case of clay higher the 

appearances have found in the bottom.pedons like 100- 120 em, 120- 140 em, 140-

160 em etc. and lacking in appearance in the pedons with depth 20 - 40 em and 40 -

60 em. In General sand has averagely, 40.20% of appearance, silt only 25.57% and 

clay has coll?-para!ively ve.ryless i.e.23 .83% only. Thus the textural.qfture of the bank 

soil is really very much sand dominated for which erosion has been found always 

actively operative against the shearing force of the head water of the channel (main) 

as well impinging flow patte.ms accelerate the situation. 

Soil organic matter content signifies a great role to combine the soil particles 

or to perform as a soil cementing matrix which improves soil cohesiveness cum 

compactness of the soil. ·The amount of organic matter present in soil varies 

considerably. In cultivated soils, it varies from less than 01 % to about 1.5%. It is 

usually low in dry moist silica (sand) and soil with heavy ploughing. Lower vegetal 

coverage retards the regular flow of soil litter product in the bank side areas of Maida 

along river Ganga. It also varies with the depth of the soil from top soil layer to the 

studied depth of 180 em from only 0.39% in the top layer to the 0.16% at the studied 

bottom depth (180/160/150cm) of the bank side profiles. In the following paras the 

depth wise description has been provided (table.4.8). 

Table 4.8 Percentage of organic carbon in the studied profiles (depth-wise). 
(Depths in em) 

Profiles 0-20 20-40 40-60 60-80 80-100 100~120 120-140 140-160. 160-180 Total 
. 

1 0.25 0.15 0.19 0.10 0.13 0.16 - - - 0.98 

2 0.65 0.33 0.26 0.25 0.23 0.23 - - - 1.95 

3 0.45 0.13 0.15 . 0.16 0.13 0.15 0.20 0.20 - 1.57 

4 0.27 0.12 0.18 0.28 0.30 0.31 0.31 - - 1.77 

5 0.38 0.28 0.24 0.24 0.25 0.26 0.26 0.26 - 2.17 

6 0.57 0.51 0.47 0.45 0.46 0.46 0.46 0.30 - 3.68 

7 0.39 0.28 0.16 0.13 0.15 0.20 0.20 0.20 - 1.71 

8 0.25 0.12 0.14 0.11 0.07 0.06 0.04 Q.04 - 0.83 

9 0.13 ·0.19 0.27 0.14 0.04 0.13 0.13 0.13 0.13 1.29 

10 0.37 0.08 0.01 0.07 0.08 0.02 0.04 0.07 0.07 0.81 
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11 0.17 0.03. 0.03 0.03 0.05 0.05 0.04 0.18 0.18 0.76 

12 0.21 0.13 . 0.21 0.19 0.14. 0.08 0.13 0.13 - 1.22 

13 0.38 0.18 0.23 0.30 0:23 0.15 0.08 0.08 - 1.63 

14 0.39. 0.28 0.22 0.21 0.30 0.30 0.30 0.21 - 2.21 

15 0.21 o:o6 0.05 . 0.05 0.06 0.06 0.04 0.20 0.20 0.93 

16 0.22 0.14 0.17 0.19 0.13 0.07 0.11 0.14 0.14 1.31 

17 0.13 0;21 0.30. 0.15 0.05 0.05 0.14 0.14 0.14 1.31 

·o.48 ' 
....... ;.· 

0.14. 18 0.14 0~17 . 0.10 0.17 0.03 0.09 - 1.32 

19 0.13 0.19 0.27 0.14 0.04 0.03 0.03 0.09 0.14 1.06 

20 0.15 0.2 0.30 0.24 0.04 0.03 0.03 0.09 0.14 1.22 

Source: Compiled Data. 

On the basis of the above written table it can be mentioned that the degree of 

appearance of organic carbon is really very low for which the cementing matrix of the 

soil is of negligible bonding capacity and thus the soil is highly susceptible to erosion. 

The· normal pattern of distribution. is· reducing from the top soil pedons/layers to the 

bottom soil pedons/layers. The significance of appearance of organic carbon is thus 

predicting a natural .influence behind the causation of such erosion due to low bonding 

of soil. 

Relationship study of sand silt and clay properties 

Bivariate relationship study (regression analysis) exhibit a high positive 

relation between sand and silt. Thus it speaks that with the increment of sand, silt also 

increases. But the sand clay relation is more or less steady as the slope of the 

interception line: shows an angular slope of very low the degrees. It means that with 

the increasing rate of sand very · low percentage rate of clay use to be increased. 

Similarly the silt-clay relationship. though is positive rather shows a very slow and 

steady rate ofvariation. On the other hand when silt is taken as independent variable 

sand is considered to be seriously decreasing. In respect of clay both sands and silts 

have been found very much or positively increasing. The degree or angle of 

inclination of the line of interception is. comparatively steep in case of clay-sand and 

clay-silt relationship when the dependency has been examined over clay as an 

independent variable. Thus the data analysis shows a situational occurrence of over 

dominance of sand on the other properties of soil leading to the high erosional 

activities of the bank side soil (Fig. 4.11, 4.12 &4.13). 
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Figure 4.11 Depth-wise Distribution o r Sand,Si It and C lay at Panchanandapur. 
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Figure 4.12 Dept h-wise Di stribution of Sand,Silt and C lay at Domhat. 
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Figure 4.13 Depth-wise Distri bution of Sand ,Silt and Clay at Manikchak . 

4.4 Channel forms and processes: Bank Cross Section study 
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Five consecuti ve bank sections were studied in and around Panchanandapur 

taking the locations at the up and down stream of the ri ver (figs.4. 14, 4. 1 5, 4. 16, 4.17 

& 4. 18). The shape of the cross section of a river channel at any location is a function 

of the fl ow, the quantity and character of the sediment in movement th rough the 

secti on and the character of composition of the materi als making up the bed and banks 

of the channel (Leopold , Wolman and Mille r, 1964) . Two main groups of processes 

are in volved in bank e ros ion: hydraulic ac ti on and mass fa ilure. The removal of bank 

e rosion by hydrauli c acti ons c losely re lated to near-bank velocity conditi ons (Odgard, 

1986; Hasegawa, 1989) , and in particul ar to the velocity gradient c lose to the bank, 

which determines the magnitude of hydrauli c shear. The width- Depth rati o remains 

the most commo nly used index (Kni ghton, 1998).Actuall y the progress ive change in 

the hydrauli c parameters of a river pl ay a vita l ro le behind the readjustment and 

further needs of acco mmodatio n of the ri ver to entra in its burden for the achi evement 

of poss ible graded profil e. In doing so the reaction is excessive shear stress in the 

bank part and resultant e rosion. As stated abo ve, here the study has been carried out 

by takin g 05 consecuti ve bank secti ons of Panchanandapur area to examine and 

validate the re lationship of e rosion with that of changes in ri ver hydraulics. 
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In the following table (table.4.9) the hydraulic parameters have been presented to 

reach to the comparative analysis ofthe bank sections. 

Table 4.9 Hydraulic Parameters of River Ganga at Panchanandapur area. 

No Hydraulic Downstream Downstream Downstream Downstream Downstream 
Parameters point 01 point02 point 03 point 04 point OS 

1 Cross section area 9734.4 m2 10487.84 m2 13237.62. m2 16164.63 m2 14626.8 m2 

2 Wetted Perimeter 824m 808.00 m 1008.00 m 1240.00 m 980.00 m 

3 Width 780m 800m 970.00.5 m 1301.50 m 1020.00m 

4 Mean Deptn 12.48 m 12.98 m 13.64m 12.42 m 14.34 m 

5 Mean Hydraulic 11.81 m 12.98 m 13.13 m 13.04 m 14.93 m 
Radius 

6 Discharge 3854.82m3s"1 4509.77m3s·1 5824.55 m3s"1 7112.44 m3s"1 7123.25m3s·1 

7 Mean Velocity 0.396 m s·1 0.430 m s·1 0.440 m s·1 0.441 m s·1 0.487 m s·1 

8 Slope Factor 0.0040 0.0040 0.0041 0.0013 0.0013 

9 Manning's O.D18 O.D18 0.018 0.018 0.018 
Roughness 

10 Channel 11.81 12.98 13.13 13.04 14.92 
Efficiency 

Source: Compiled Data. 

The following bank cross sections were studied (Fig.4.19) as below: 
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Bank Cross Section of Downstream Point 02 
Panchanandapur 
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Bank Cross Section of Downstream Point 04 
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146 

Source: Based on I & W Map, Govt. of West Bengal; 2005 and Field Survey 2006, 2007, 200 I 1- 12 

Figure 4.19: Location of Bank Cross Sections and Geographical Scenario: Panchanandapur Ghat Area 

In the following phase of discussion these progressive changes have been 

analysed. The involved mouzas are Panchanandapur (JI No.I I) , Birodhi (JI No.lO) 

and Sakullapur (JI No.09) and Bank sections 0 I ,02,03 ,04 and 05 have been spaced 

from an upstream to downstream direction almost in a progressive manner. 

(a) From section 0 I to 05 progressive Cross Section Areas (A) have increased, which 

indicate that from upstream to downstream to accommodate increased burden the 

river is in action to increase area by steady bank erosion .This has aggravated due to 

channel infilling actions and shortage of area needed . 

(b) Except D/S-05 all the bank sections are characterized by progress ive nature of 

wetted Perimeter (P), meaning thereby positive indication of bank shifting as over a 

very negligible country-slope the channel incision processes are rarely possible than 

to lateral erosion. 

(c) Actually width (w) as a hydraulic parameter is a matter of consideration and 

choice of the study only, though the satellite imageries prove that Panchanandapur

Birodhi part is receiving the max imum width within the total reach(about 8.5 km) and 

thi s a joint action of progressive rate of increasing wetted Perimeter and channel bed 

dumping. 



147 

(d) Regarding mean channel depth there is again a progressive propensity, though the 

rate of variation is very. less as the entrainment of the river burden in a down slope 

direction is very low and in case. of D/S-04, it is not progressing because of excessive 

siltation and resulting channel bar formation at a chainage distance of 400-500m and 

600-1000 m and more than that, as found in the section. 

(e) Interestingly the mean Hydraulic radius (Xy) in almost all the cases is very nearer 

to the mean depth(y) and little bit more or less, which is again indicative of a more 

infilling type of channel mainly because of accumulation of bank materials. It can be 

possible in a channel shape where the symmetric curvature of channel has been very 

much distorted . due to deposition of bank materials within the channel and 

transformation of that into a more precise near-pan form. 

(f) Amount of discharge (Q) in a down slope direction is found varymg m a 

progressive manner and which is a sign of steady increasing rate of channel burden. 

The rate of variation from D/S-01 to 05 is really found a considerable variation and in 

all the cases with an average propensity of increment of variation of 500 to1, 000 

cumec. 

(g) 0.350 m s"1 to 0.500 m s-1 range ~fvariation of near bank mean velocity had been 

found, which is really very much negligible to entrain such a huge amount of8,000 to 

15,000 cumecs of discharge in a lean season for a given point of time and increasing 

up to the dangerous level of more than 3000 cumecs during spates of bankful stage. 

Actually this is a joint result of in-channel deposition and gentler country slope 

associated with eastward shifting of the· thalweg line of the main channel hugging the 

banks and for which systematized discharge is .obstructed. The rude consequence is 

the whims of the huge water head pressure in the channel and bank saturation cum 

bank wasting incidents are occurred. 

(h) In a upstream to downstream direction, ignoring the variations of the acceleration 

of flow in response to gravity, the degree of country slope is seriously tending to very 

less rather tending to zero over a very minimum expansion of horizontal distance and 

is amounting to 0.0013 ·to 0.0040 and little more. This also indicates· greater the 

stagnancy of river burden over time in the channel, resulting into excessive pressure 

of potential energy of.fluid than kinetic or dynamic energy exerting over the loose 

lithology of the eastern bank. 
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(i) According to Manning's scale· Roughness Index the case has been considered for 

silt bearing alluvial channel and as per secondary sources it is almost very low i.e. 

nearer to only 0.020, meaning thereby negligible turbulence offered by the very soft 

and loose bed material from inside channel bed and very lesser the degree of 

turbulence. has introduced. 

(j) Last but the most important parameter is the channel efficiency which is a factor of 

ratio of cross section are·~. {A.) . and wetted Perimeter (P), and which also. gives an 

indication of the river's ability to maintain energy whilst transporting materials. The 

most efficient section has been foun,d the D/S-05 and D/S-04 amounting to 14.92 and 

13.04 respectively. Here also a progressive patttem from upstream to downstream 

order has been found.It thus means that efficiency has increased with the increment pf 

parameters like wetted periineter,width and cross section area from the upstream to 

the downstream direction. 

On the basis of the above elaboration it is really evident that the fluvial processes are 

seriously operative mainly to tacle the immense pressure of river burden, both fluid 

burden and load burden within the channel for which bank destructions by slumping 

and wasting is a continuous process here. The other parameters will be positively 

changing if discharge(Q) can be done 05 times more from the channel for a given 

point of time and that may reduce down the volatile phases of erosiC?n accelerated by 

the almost progressive interplay of the hydrological parameters associated. 

4.5. Bank Erosion Assessment: Study along Pancbanandapur-Manikchak Reach 

Ero~ion and failure of bank in this section of the river is a most intrinsic part 

of discussion meaning thereby assessment of erosion idealized by propensity of drop 

of block of the bank rock in a most wet season along a slope of slip over liquefied 

strata composed mainly of silt and sand particles.Reach -wise identification of spots 

of Fluvio-morphic parameters and processes along left bank of the river Ganga was 

given importance to be estimated on the basis of various process-observation spots in 

this section of study. Comprehensive analysis on Bank erosion hazard Index for the 

05 sub reaches from Manikchak to Panchanandapur was seriously interpreted on 

observation basis for hours at selected sites. 
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The fo llowing methodology was taken up : 

i) Observation of field phenomena supported by conceptual geographical readings and 

time series experiences have supported the former phase of discussion of thi s part of 

analysis. 

ii) Analysis of safety factor of the slab or block of rock of temporarily saturated bank 

resting on a liquidified and angu lar ground base was done taking various physical 

factors fo llowing Hock and Bray, 198 1. 

Findings and Discussion 

4.5.l.Obser vational Analysis 

The observation was for the fo llowing processes like sapping, parallel flow 

erosion, impinging flow erosion, sheet erosion, rill erosion, soil block erosion 

collapse, creep & slip, fal l, gully erosion , subsurface flow, cavity, undermining, bank 

soi l detachment, helical flow erosion , withdrawal of basal support, liquefaction . In 

Manikchak-Domhat reach five sample sites were observed with thi s incidental 

occurrences. Highest of 20 occurrences were found in the Manikchak-Domhat reach . 

Parallel flow erosion was seriously observed in Khaskol-Sakull apur and Sakullapur

Panchanandapurreach. 

Times of Obsevation 

90 Index 
1:Sapping 

8 0 l :Parallwel 
flow erosion 

70 3:Impingng 
Flow Erosion 
-1 : Sheet Erosion Index 

6 0 5: Rill Erosion I : Collapse 

6 :Biocksoil - 2: Creep slip 

so Detachment 
3: Jump or fa ll 

7: GullyErcsion 

I 40 8 : Subsurface 
fluting 

30 
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0 13:: Withdrawal 35 
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Figure 4.20 Reach -wise identificati on of occurrences of Geomorphic parameters and processes. 
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Highest impinge flow erosion was found in the Mohonpur-Khaskol sub reach. 

In case of sheet and rill erosion Manikchak-Domhat sub reach was found severely 

attacked. Creep, slip, collapse and jump actions were most common at Mohonpur

Khaskol sub reach (fig.4.19). In case of gully erosion Manikchak-Domhat sub reach 

receives much attention as well subsurface erosion. Almost in all sub-reaches cavity 

formation was very common and of high rate, especially. in the Manikchak-Domhat 

reach (table.4.10). 

Whereas undermining activities are seriously prominent in Mohonpur-Khaskol 

and Sakullapur-Panchanandapur sub-reach. Helical flow erosion and withdrawal of 

basal support is very much pronouncing in the Domhat-Moynapur and Sakullapur

Panchanandapur sub reach. One of the most important factors that were 

predominantly found in the Khaskol.O:Sakullapur and Sakullapur-Panchanandapur sub 

reach was the withdrawal of b.asal support. On the basis of composite ranking of 

processes irrespective of sub· reaches parallel flow erosion, cavitation, Liquefaction, 

sapping and bank soil detachment are the 5 most important dominating processes. 
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Table 4.10 Reach -wise identification of spots of Geomorphic parameters and processes along left bank of River Ganga. 

Manikchak (UIS) to 
Sl1t/E 

UM ~ Wdlof 
Liqftn. Panchanandapur (DIS) Sp PLFIE Imp. FIE RVE Blk/E GIIE SsF Cvt B/sdtmt. HcVFIE bsL/Spt 

Sub-Reaches YIN No YIN No YIN No Y/ No Y/ No Cp 
Crp& 

fl 
Y/ No YIN No YIN No Y/ No YIN No YIN No YIN No YIN N N sip N N 

Manikchak-Domhat y 5 y 10 y 4 y 6 y 8 y 15 
y 

20 y 15 
y 

8 y 26 y 28 y 5 y 3 y 2 y 2 y 

Domhat-Moynapur y 20 y 7 y 8 y 3 y 2 y 12 y 11 y 08 
y 

4 y 03 y 15 y 6 y 7 y 3 y 6 y 

Mohonpur-Khaskol y 7 y 20 y 9 y 2 y 4 y 15 y 17 y 20 
y 

5 y 04 y 12 y 8 y 9 y 2 y 9 y 

Khaskoi-Sakullapur y 9 y 28 y 6 y 5 N X y 14 y 16 y 19 
y 

5 y 06 y 15 y 4 y 11 N X y 12 y 

Sakullapur- y 8 y 23 y 5 y 2 N X N 0 N 0 N 0 
y 

2 y 03 y 14 y 6 y 17 N X y 15 y 
Panchanandapur 

SUM 49 88 32 18 14 57 64 62 24 42 84 29 47 7 44 66 

RANK 7 1 11 14 15 06 04 05 13 10 2 12 8 16 9 3 
- -

Note: I. All the numerical entries are equivalent to the number of spots of the occurrence of that process (Shrestha & Tamrakar, 2007). 

Sp=Sapping, PI.FIE=Parallel flow erosion, Imp.FIE=Impinge flow erosion, Sht/E= Sheet erosion, RLIE=Rill Erosion, Blk /E=Soil block erosion, Cp=Collapse, 
Crp&slp= Creep & slip,jl= Fall, G//E=Gully Erosion, SsF=Subsurface Flow, Cvt.= Cavity, UM= Undermining, Blsdtmt =Bank soil Detachment, HcliFIE= Helical 
Flow Erosion, Wdl.ofbsi./Spt= Withdrawal of Basal support, Liq.ftn= Liquefaction, YIN means yes/no. 

No 

3 

9 I 

13 I 

19 I 

22 I 

--

-Vl -
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In the above table morphological processes oil the basis of times of 

occurrences have been presented. The three leading processes are Parallel flow 

erosion, Cavitation, and Liquefaction. Now,in the following table a comprehensive 

assessment on the basis of different hydrological parameters of the river has been 

calculated. Actually the worker is endeavored to identify the height-length ratio of the 

river bank as per the sub reaches to illustrate the temporal variation in Height-Length 

ratio with the logic to state that the variation of height in respect of unit length change 

is seriously not more than 01% ,that means in wet seasons and in high spates in a very 

low country slope if the water table height is constant or little much changing the flow 

attacks will respond similarly . to aggravate lateral bank erosion if provided that the 

other responsible f~ctors are almost unchanging. Ranking on erosion disaster Index 

establishes that Domhat-Manikchak and Sakullapur-Khaskol reach is most vulnerable 

during 2005-2006 which also fits to the real world situation. Immediately after which 

comes the Panchanandapur-Sakullapur sub reach which is highly susceptible to 

erosion (table. 4.11) 

Table 4.11 Compre~ensive Assessment of Bank Erosion Hazard (2005-2006). 

Sub-Reaches Average Average HILRatio 
bank bank in% 

· height length 
(H) in m (L)in 

km 
Panchanandapur- 2.05 2.0 0.10 
Sakullapur high 
Sakullapur - 1.86 2:0 0.09 
Khaskol low 
Khaskol- 1.76 2.5 0.07 
Mohonpur Very low 
Moynapur- 1.85 4.0 0.05 
Domhat insignificant 
Domhat- 1.62 1.5 0.12 
Manikchak moderate 

"W"representsWetPeriod, "D"represents Dry Period, 
*BEDL represents Bank Erosio.n Disaster Index, 

BED I* 
W*l· 
D*2 

W-11 
D-6.5 

W-10.5 
D-13 
W-6 

D-6.5 
W-4 
D-6 

W-13.50 
D-14 

Note: One sub-Reach is comprising few sites and the sites have five 

4.5.2 Scour Depth Analysis . · 

ror Rank Average 
D+W Bank Slope 

in Degree 

17.5 3 89° 

23.50 2 89° 

12.50 4 89° 

9.00 5 89° 

27.50 1 90u 

Scour depth analysis was done at two locations; one was Panchanandapur and 

another was Manikchak. Actually scour depth is that depth where maximum flow 
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attacks are concentrated Jt is-that point.at the foot ofthe vertical bank, where due to 

flow attacks cut· outs are introduced and above which the bank use to be more 

unstable. The . features need to analyse scour depth was gathered from secondary 

sources and through mathematical calculations. Maximum scour depth was found at 

Panchanandapur as 39.50 m and Manikchak experienced 39.32 m. In the following 

diagram Lacey's formula has been .used to calculate the scour depth at these two 

·locatioils. The. significance 6rth~ study lies in the fact that fromthe top of the bank up 

to a depth of about 30 m at both the locations, the bank part was vulnerably affected 

to bank failure incidents. The. model study based on the secondary Sources reveal the 

following analysis(fig.4.20). 

The scour depth of the River_ Ganga has been estimated from the following 

equation usin the model study data source : 

R = 0.473(Q/t) 113 

where R is Lacey's scour depth · 

fis silt factor i.e., 0.735 (I & W Dept., W.B) 

Q is Average discharge i.e., 58,250 m3 s"1 (near Farakka} 

Peak Season: 76,500 m3 s-1 

Lean Season: 40,000 m3 s-1 

Average: 58,250 m3 s·1 R=15.87m 

Q is Average discharge i.e., 37,500 m3 s"1 (near Panchanandapur) 

. . . 3 -1 
Peak Season: 45,000 m s 

Lean Season: 30,000 m3 s"1 

Average: 37,550 m3 s"1 R=l5.83 m 

Q is Average discharge i.e., 58,250 m3 s"1 (near Farakka) 

Peak Season: 36,500 m3 s"1 

Lean Season: 30,500 m3 s-1 

Average: 33,500 m3 s"1 R=l3.16m 
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The res ult of steady scounng is yie ld of exceesive sediment deposits at the 

downstream part of Panchanandapur and the upstrem of Farakka.The credit of 

sediment load is washed away onl y in the peak season every yea, r but that results 

into some recurrent credit as sil ation within the channei.As per the fo llow ing 

di agram(fig.4.22) though the coarse and medium sands are disposed but the pressure 

of load of fi ne sand is immense in the channel which ultimately reduces cross section 

area and further lateral acceretion of area by the channel in the form of erosion to 

accommodate its enire carri ed load. 

c := 
~ 

~ 
c .., 
0 

c 

~ 
"' 

Sedimen t Yie ld : upst r eam of Farakk a site 
198 6 - 198 7 
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Source: Annual Water Report,CWC,200 1990 

F igure 4.22 Sediment Depos iti on within Ri ver Ganga (upstream of Farakka) . 
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4.5.3 Assessment of Bank Erosion Hazard Index(BEHI) 

This method is termed as "Quick and Dirty" stream bank survey method and is 

capable to provide quick numbers for comparing the potential tons of soil loss 

between various eroding banks, as well. as predicting the total tons of sediment 

contribution to the river each year. This method is designed to give comparative 

amounts fordifferent stretches ofthe same river. It is not prepared to give the absolute 

values that you might imply from the way the results are presented. This method was 

used in case of Boquet River by the New York State Department of Environmental 

Conservation. Data ·collected on significant erosion areas was entered in a formula to 

predict tons of sediment loss per year from the eroding bank. The formula multiplies a 

number of factors like soil type, stream alignment, and amount of bank vegetation, 

stream gradi(mt, bank slope, and slope of any depositional bar across the river in order 

to arrive at a recession rate. The inner nieaning of recession rate is an estimate of the 

number of feet the bank is likely to recede in a year. 

The recession rate is ~hen multiplied by the height and length of the eroding . 

stream bartk in order to get volume. To. tum volume into weight, the volume is 

multiplied by how .many pounds particular soils weight per foot, then divided by 

2000 in order to arrive at tons of erosional loss per year. These calculations are laid 

out on the field sheets as per the sheets for the sub-reaches. The parameters taken were 

soil texture (T), stream alignment (S), vegetation at top of bank (V), stream gradient 

(G), bank slope (Bl) and slope of inside depositional bars (B2) with ~heir weighted 

values or designating values with a range of 0.3,0.6 and 1.0 as furnished in the 

following table. 

The meaning of the parameters in the above table has been elaborated earlier 

(table.4.4). keeping in view, their relevance to be designated as parameters. The results 

have been presented as thus (ta~le.4.12). 
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Table 4.12 Relative Bank Material Loss Assessment (Monsoon, July 2008-09). 

Reach T s v G. Bl B2 

Manikchak- 0.6 0.3 1.0 0.3 1.0 1.0· 
Donihat 
Domhat- 1.0 .3 .6 0.6 1.0 0.6 Moynapur 
Mohonpur- 0.6 . , '.6. T.O· 0.6· 1'.0'· :":6' 
Khaskol 
Khaskol- 0.3 1.0 .6 0.3 1.0 .6 Sakullapur 
Sakullapur-
Panchanand 0.6 1.0 1.0 0.6 .0.6 0.6 
a pur 
Sum 3.1 3.2 4.2 2.4 4.6 4.6 
Rank 5 . 4 3 6 1.5 1.5 

Source:Field Data . 

Abbreviations used in the above table : 
T=Soil Texture, S=Stteam Alignment, 
G=Stream Gradient, B1 =Bank Slope, 
B2 =Slope Of Inside Depositional Bar, 
VD=volume of soil displaced, 

Length Bank Height 
VD TDM RRS Km (average) m3 Ton m 

0.05 1.5 1.75 43.19 76.26 

0.11 4.0 1.99 262.00 462.70 

0:13 . 2.5 . 1.90. .· l87.48l 264.87 

0.05 2.0 1.97 64.81 103.00 

0.13 2.0 2.06 162.76 229.95 

0.47 12.0 9.67 720.24 1136.78 
Parameters of entry as per methodology (0.3,0.6,1.0) 

V=Vegetal Cover at Bank Top, 

RR. =Recession Rate of Stream, 
TDM=Tons of materials dispiaced 

To arrive at the Bank Erosion Disaster Index (table.4.13) the following results were 

computed using the formulas below as mentioned in the above table. 

RRs =Recession Rate of Stream=T x S x G x Bl x B2 (unitary expression is number 

of feet the bank is likely to recede) . 

VD=volume of soil displaced=L x H x RR~ (unitary expression 1s cubic feet), 

L=Length of the bank (feet), H=Height of the bank (Feet) 

TDM=Tons of materials displaced=(VD x BD) I 2000 (To turn volume into weight, 

the volume is multiplied by how many · poutids particular soils weight per foot and 

then divided by 2000 in order to arrive at tons of erosional loss per year). 

In the following table the field level entries with necessary result analysis have been 

presented to reach to the Comprehensive Bank Erosion Disaster Legending (BEDL) 

during the post Monsoon season of the period 2008-2009 and on that basis there is an 

endeavor to identify the rank values for the different sub reaches and which actually 

resulted to know the most vulnerable sub reaches. During this period Moynapur

Domhat and Khaskol-Mohonpur sub reach has been found as the most affected sub 

reaches and thereafter stands the Sakullapur-Khaskol and Pnchanandapur-Sakullapur 
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sub reaches. On the basis of the average bank height (m) of the sub reaches, it has 

been found that vulnerability is greater in case of higher the bank height. 

Bank displacements might also have been caused by additions of water to the 

unsaturated zone, thereby reducing metric suction and bank strength. Fredlund et al., 

1978; Casagli et al., 1999, Rinaldi et al., 2004,Thomas and Burcart, 2009 worked in 

this field. Slip surface in the saturated zones appear to be most vulnerable sectors of 
' . ~!·./. .... . 

bank slope displacement. ·Thus metric suction is more important thing to accelerate 

block failures along slip surfaces. 

Nevertheless, we can consider whether mcreases m hydraulic head within the 

saturated zone were alone sufficient ·to promote mass movement by reducing 

frictional· angles .Following the model of Thomas et al. 2009 here is a try to consider 

the block displacement mechanism model taking vertical crack of unit length located 

roughly parallel to the bank wall. Vertical tension cracks were commonly observed 

within 1.0-2.0 m (for case study1.60 m) of the block wasting prior to failure, Here 

bank walls are assumed to be vertical with angle of 89°-90° calculated by clinometers 

with the upper adjacent ground horizontal. 
. . 

The isolated block slab of sandy-silty alluvium is supposed to be detached from its 

bank body (b) and bank base (bs ), where the angular alignment is (bibs) more or less 

perpendicular. Coulomb theory predicts failure to occur along surface of its base at an 

angle of, r!J=45° + 012 (Thomas, 2009) from the horizontal plane, where D is the soil 

friction-angle.as stated by Lohnes & Handy in1968 and Thomas, Iverson & Burkart in 

2009. Approximation to measure x, which is the distance between the tension crack 

and extreme bank· point towards the channel, is a good deal of two dimensional model 

building. Zw was considered. to be the subsurface water flow level to which water 

table use to rise and drop down usually during and after fluctuations of water level 

due to availability variation of water head in channel. That water also flowed from the 

base of the crack preferentially along the incipient failure plane a.t the base of the slab 

or block. Water pressure (h. p) is taken to be increasing linearly with depth along the 

tension crack and decrease linearly along the incipient failure surface from the base of 

the crack (Thomas, et al, 2009) to the foot of the bank wall where water pressure is 

atmospheric i.e. natural or stagnant in almost all the seasons (Hoek and Bray, 

1981).Thus the model analysis of Safety Factor of the slab/block (saturated and 
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temporarily resting) against the shearing force of fluctuating water head pressure was 

to be carried out(Fig.4.21). 

F= CA+(t1-'co~-U"-Vsi:tl~)+ttm0 
Wstn(i+Vc-,;ls~ -------------------------(a) 

C=Cohesion of alluvium; 8_kpa(Pascal) or 8.0 KN/ m2 (c=1, for loose sands) • 

A=Aiea of failure surface (1.84sq m) 

W=total weight of the slab/block 

O=angle of the failure surface 

6=45°+ 0;2 

U=mean water pressure normal to the failure surface 

V= meanwater pressure normal to the tension crack (Hoek and Bray, 1981) 

Z=depth of tension crack=1.5m 

Y=Unit weight of slab 

Yw= Unit weight of water 

W=
1
/2 Y. (FI-z) -------------------------------------------------- (b) 

A= (FI-z) cosec @---------~----------------------------------------- (c) 

"=
1
/2 Yw.Zw

2
----------------------------------------------------- (d) 

A= (FI-z). Cosec~------------------------------------------------- (e) 

z =FI-}(.tan ~------------------------------------------------------- (f) 

z=FI-}(.tan 0 ~---~---"'---:---~-------------.---._------------------------(g) 

Appro~mate critical water head for bank slump, Zc = h - Z+Zw 
. . 

H=Height of the top of the bank above datum =2m (obtained from a.d.w.t of the 

studied sections at Panchanandapur) 

*In case of equilateral Cubic bank block, h=Arm and the volume of Cubic bank block 

=cube root of the arm 

Flere considered a bank Fleight of 2 m as case analysis where friction angle 0=23°, 

and cohesion=8.0KN/m2or 8.0pa(for soft alluvium banks).C has been considered on 

standard basis for massive alluvial channels as an e}(perimental constant for loose 

sandy silty soil having unconsolidated shearing and poor resistance against 

acceleration of flow. 
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Table 4.13 Comprehensive Bank Erosion Disaster Index(BEDI). 

Post- Monsoon 2008-2009 

24°561JO"N To 25°os'oo''N and 87°55130"E To ss0oo'oo''E 

Reach RRs*l BED I VD*:l BEDI Td*"' BEDI Av. Av. Av. Cumulative Composite Av.Bank 
Manikchak to Rrs VD TD Legend of BEDI height 
Pnchanandapur BEDI Ranking m 

sub-reaches Numerical Rank mj(%) Rank Ton(%} Rank Higher the composite legend, lesser the 
(%) ranking_ 

Pnchanandapur- 0.032 5 40.09 4 226.54 2 4tn 2.03 
Sakullapur (8.47) (7.74) (22.56) 103.63 5+4+2==11. 

0.076 m3 84ton 00 
Sakullapur- 0.054(14.30) 3.5 64.81 3 103.00 4 3ro 1.74 
Khaskol (11.06) (9.07) 3.5+3+4=1 

0.50 
Khaskol- 0.130(34.32) 1 187.48 2 226.18 3 2na 1.62 
Mohonpur (30.90) (22.52) 1+2+3==6.0 

(20%) 0 
Moynapur- 0.108(28.60) 2 262.00 1 395.43 1 (7.6%) (20%) l"t 1.70 
Domhat (3.21) (39.38) 2+1+1==4.0 

0 
Domhat- 0.054(14.31) 3.5 43.19 5 64.98 5 5tn 1.49 
Manikchak (7.09) (6.47) 3.5+5+5=1 

3.5 
Source: Field Data *1=recession rate, *~=volume of disposed soil , *_,tons of soil eroded, av. =average, BEDL=Bank Erosion Disaster Legend. 

Note: Higher the value,higher the Rank. 

....... 
VI 
\0 
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Averages of direct shear stress on loose alluvium of deforested formation yield 

C of 7.9KN/m2(Bradford and Piest, 1980, Bradford and Norton, 1983).The height of 

the experimental bank above the local datum of 0 m was 2 m, Yw=10KNm-3 .The 

weight of soil block/slab could not measure and during rains due to suction it would 

have been overweighed of3-5 Kg extra. Value ofX averagely ranged between 0.5 to 

2.0 mover which rod pegs were set up to record day's displacement (After rains).For 

dry blocks displacemtmts. are_ e?cpected for zc=depending on x. T!t~_ ~ank is stable for 

all x> 1 m as zc cannot exceed 5 m Slab with water content of 50% is unstable for all 

x<0.50 m, regardless ofthe head. The range of head fluctuations along and attached to 

the left bank at Panchanandapur was 21.68m (LWL)- to 25.96 m (HWL).Thus the 

difference is 4.28 m. 

Noticable that few considered figures are emperical standards, ew are from field 

measurements and · also secondary data bases used. The study was carried out at 

Gopalpur,Khaskol area. 

Thus, increase in positive. pore pressures measured in the banks were 

important to cause bank displacements correlated to striking and hugging channel 

flow along thalweg and raindrop/splashing erosion, even without or little metric 

suction in the unsatUrated zone. 

One such import:ant reasoning is the underground water table and hydraulic gradient 

of the subsurface water with lower angles of inclination after monsoon and thereby 
. . . 

heavy thrust on the banks also responsible to block or slab slumping. Now to 

determine F, we are to compute the formula and to work out the formula we are to 

find out the values of the sub factors for F, i.e. safety factor of the bank. 

Figure 4.23 Model safety Factor Analysis. 



Tan0=45°+0/2 

=45°+23/2 

=45°+i 1.5 

=56.5° say 57° 

Z=(H-x). Tan0 

Where x=0.5 to 2.0 m 

And mean of x=;= 1. 0 m for 4 sites 

Therefore, 

Z=2.0-(l.Ox1.53987) 

=0.46 m. 

Now, V=1/2xYwxZw2 

=Y2x 12 x (1.6)\Dry block before rain amounts to 18 Kg. 

And wet block after rain amounts to 30 Kg or Yx 

=15.36KNm-3 

W=l/2 X Yx X (H-z) 

=1/2 X 30 X (2.0-0.46) 

=23.10 kg 

U=l/2 X YwxZw 

= 1/2 X 12 X 1.6(2.0-0.46) COS 0 
= 17.63KN m-3

. 

Thus, 

F=8 x 1.84(23.1 x cos 57° -17.63-15.36 x sin 57°/23.1 x sin57° + 15.36 x cos 57° 

=0.26 or 26% . 

161 

. As the factor in the numerator of the above equation stands for resisting force and the 

factor in the denominator stands for driving force, the result is identifying that the 

resisting force is 26% more capable against the driving force which is not indicative 

of the higher degree of resistance against shear stress and erosion. 

Conclusion 

In this present chapter the main attention was provited to investigate the bankline of 

the River Ganga more precisely to understand the details of soil character, nature of 

terrain,hydrological incidents within the channel,and all these in relation to the 

morphological parameters of the bank.It is thus established that here is an interplay 
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within and among the bank properties and other geomorphological parameters. Vivid 

documentation of the sub-:-reach wise bank height has been found within the ranges of 

1.0 m to 3 .. 5 m and the average is around 2.5m height versus .erosion rate does not 

play any suitable relationship but higher the height of banks are associated with 

comparatively high volume of bank loss. Scouring is mainly attached to the 2.5m 

depht of the bank from the top averagely and is seriously attacked by the impinge and 

parallel flows .. Bank collapse provoked by areal saturation of the bank part is a factor 

of high naturality irrespective ofthe sub reaches.In a comparative sense the sub-reach 

below Laskarpur to Farakka is more stable tham Sakullapur to 2.0 Km downstream of 

Panchanandapur. Physical and mathematical model testing of bank failurity with 

some emperical and derived data also states a very low degree of Safety Factor of the 

bank and chances ·of shear washouts are more seriously found than resistance of the 

bank(1:2).The important finding was that more the concave parts of the entire 

bankline is fo:ung with many types of erosional actions and various geomorphic 

processes than the other parts. Textural pattern of the bank has actually helped the 

situation to be more vigorous and accentuated the propensity of erosion. After 2007 

the degree. of severity of erosion has been found comparatively dormant in the 

selected sites like Panchanandapur,Gopalpur,Sakullapur and Khaskol except parts of 

Manikchak.Thus the assesments specially BEHI index and Scour Depth- Analysis 

evident the erosion ·scenario and most of the documentations are in favour of the loss 

of land in bank erosion having been highly governed by the facts of loose lithology 

with heterogenous composition of sand, silt and clay in a depth-wise distribution.Bank 

is highly affected by irregular water regimes in wet and dry seasons as well water 

currents during high spates~ 
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CHAPTER-V 

Mapping of Course Shifting 

5.1 Introduction 

River transforms its ·own course and· readjusts with that of the surrounding 

land,scapes i:p · 9,.ifferent . stages .. · pf , i!~. longitudinal· progression by continuously 
- . . . . 'f. ' t··~l'. ·!'. . . • -···' - • ·_-· • -~ 

readjusting with its hydrological, morphological and dynamic competencies imposed 

upon it. Slope, surface configuration, rock character and soil types, vegetal cove etc. 

perform a vital interplay among them in the region.Percent of loss of sediment per 

cross-sectional area correlates positively with downstream direction (Shrestha,2007). 

Ganga in Maida enters through semicircular swinging keeping Rajmahal hills at its 

righ. The River faces a steady leftward bank erosion to attain a more convenient path 

of discharge. 
. . 

Aims of the present work is to compute the shifting of river course over years 

taking 1930s as base year. Database for the study includes (i) block maps (Survey 

years 1931 ); (ii) SurVey oflndia Topographical map (720/13, 720/16, 1970-71 ); (iii) 

IRS-1C-LISS -III (2004); (iv) Plans prepared by I&W Dept., Govt. of West Bengal 

(1931, 1971, 1980-1990, 1992-1996, 2000-200) (v) Google Image for the bankline 

2010-2012. 

An attempt has been made to estimate the nature and extent of shifting of River ganga 

in the study area and which has been done in the following sections: 

(1) Panchanandapur site(D/S) 

(2) Khaskol site 

(3) Aswinitola site 

( 4) Manikchakghat site(U/S) 

5.1.1 At Panchanandapur site . 

Course shifting analysis was done at Panchanandapur taking data for the four 

years like 2001, 2003, 2005, and 2008-09. The distance ofthe river bank from the site 

was 5.48 Km in 2001, 5J4 Km in 2003, 5.13 Km in 2005 and 5.28Km in 2008. Thus 

the total shift of the river at the studied site has been estimated to be 1. 06 km. 

(table.5.1 &5.2.) 

Table 5.1 Mouza-.wise stat~ment of erosion (Panchanandapur site). 
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SI. 
Mouzas 

JL. Approx. area under Type of land 
Remarks 

No No. erosion(%) Use 

Existing Lost 

01 Jot Kasturi 08 55 45 Settlement , Moderate to severe loss 

02 Saku llapur 09 60 40 
Mango 

Severe loss Orchards, 

03 Birodhi 10 35 65 Reed lands, Very severe loss 
Agricultural 

04 Panchanandapur II 55 45 lands Moderate to severe loss 

Source: Measurement fro m Thematic Map. (Ref:ftg.4 . 19) 

In the following diagrams the shifting of the river has been presented in the 

effected mouzas. In general the rate of change for all the mouzas is averagely higher 

in 2001-2003 compared to 2003-2005. For Sakullapur and Jot Kasturi the scenario is 

comparatively more prominent than Panchanandapur and Birodhi (fig. 5.1,5.2 &5.3). 
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• 2003-2005 
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300 Tota l 

200 Vertical axis 
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shows distance 
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1 2 3 4 5 
shows spots 

Figure 5.1 Spot-wi se shifting di stance over peri ods at Panchanandapur 
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Figure 5.2 Spot-wi se shifting di stance over periods at Sakull apur. 
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Figure 5.3 Spot-wise shi ft ing distance over peri ods at Jotkasturi 
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Index 

• .2 001-2003 

• 2003-2005 

Total 

V crtical axis 
shows 
distance in m 
and 
Horizontal 
axis shows 
spots 

Table 5.2 Comprehensive study of shift for th ree mouzas at Panchanandapur site. 

Spots Measurement on shifting(km ) 

2001 to 2003(m) 2003 to 2005(m) Total shifting for 5 years (m) 
Site: Panchanandapur (JL. no. Panchanandapurll&BirodhilO) 

I .t0.29 50.33 90.62 

2 122.79 140.90 263.69 

3 28 1.81 191.23 473.04 

4 53 1.41 398.55 929.96 

5 422.7 1 370.37 793.08 

Site: Sakullapur (JI no. Sakullapur9) 
I 563.6 1 16 1.03 724.64 

2 .t32.77 332.13 764.90 

3 533.42 26 1.68 795.10 

4 .t83. 10 247.59 730.69 

Site:jotkasturi(JI no.Jotkasturi 08) 
I 38U6 24 1.55 624.0 1 

2 376.-t l 201.29 577.70 

3 382.-tS 90.58 473.03 

4 322.06 161.03 483.09 

5 27 1.74 56.36 328.10 

6 273.75 40.26 3 14.ot 

Tota l· I 5spots 5420.78(5.42km.) 294-t.87(2.94 km.) 8365.65(8.37km.) 

Av.s hi fi for 2years. 361.39m or 6.67% 196.33m or 6.67% 13.34 % Consistency in shifting 
& nex t 2years 
(2001-05) 

Av.length 16.95 km. 
under study 

Shift : 0.32km. 0.17km. or. 173.4.'i m 0.49km. or. 493 .8 1 m 

L(l:lratio) or319.76m 

Shift (l:lratio) 0.32km. 0.17km. or. 173.4.'i m 0.49km. or. 493.81m 
or319.76m 

Remarks :The River Ganga shifted fo r about500m within a peri od or 4years between 
Panchana ndapur and Jotkasturi 

Source : Fteld survey and ttme -sen es map analys ts. 
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5.1.2 At Khaskol Site 

The second affected area is Khaskol village from where the river Ganga was 

9.57 Km away in 1930. Course shifting analys is was done at Khaskol taking data for 

the years like 1997, 1998, 2001 , 2003, 2005, and 2008-09 (table 5.3). Upto 1994 the 

average shift was about 1.05 Km in thi s area. 

Table 5.3 Statement of erosion over years (Khaskol Site). 

Sl. No. Site Year Distance Reduction 
(km) (km) 

0 1 1929-30 9.57 Initial Year 

02 197 1-72 3.25 6.32 

03 Khas kol (JL. No.04) 1994 2.2 1.05 

04 of 2000 0.834 1.36 

05 
Engli shbazar Block 

2003 0.540 0.29 

06 2005 0.450 0.09 

07 2009 0.430 0.02 

Source:Map Analys is (Time Seri es). 

After the severe fl ood of 1997 thi s area was tremendously affected by another severe 

fl ood that occcurred in 1998 which increased the erosion rate further. The tendency 

remai ned similar in the foll owing years i.e. , in 2000 the di stance was onl y 834 m., in 

2003 it was 540 m, in 2005 the figure was 450 m and onl y 430 m till the end of 2009. 

After 20 I 0 the thalweg skirted few Kms downstream and ultimately the area is 

experiencing an intermediate recession of meander cut development. The scenario of 

Khaskol has been given below in regression equation which is indicating steady 

decrease in di stance fro m bankline (fig.5.4) . 
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10 

s 

6 

4 

(I 

Time Series Analysi s of the Ganga Shifting at Khaskol Site 

y = -o.usx + 231.8 
R'= 0 .970 

1920 1930 1940 1950 1960 1970 1980 1~90 200C 2010 2020 

Year 

Figure 5.4 Regression Analys is of year wise di stance of bankline at Khaskol. 
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The mean value of reducti on of distance for this site for the given period was 

1.30 km . (table 5.4) . 

5.1.3 At Aswinitola Site 

Aswinitola has been seriously affected by the trend y effects of Bank Erosion 

specially after 1980s.The distance of the bank line from that of the site was almost at a 

safe location upto the period of 1930. 

In 1931 the di stance of the bank line was more or less 3.7 1 Km .Further it reduced to 

on ly 3.35 Km in 1971.In 1999,it was only 2.9Km. In 2003, the reduction of di stance 

was only 2 .05Km. 

Actuall y from 1994 to 2008 the site was seriously attacked by the grasp of the river 

and tremendous erosion rate was witnessed in thi s period. Aswinitola faced the 

attacks of impinge fl ow eros ion with seasonal meandering cut outs(jig.5.5). 

Km 4 

~ c; 

3 

2.5 

2 

: .s 
1 

0.5 

::J 

19 3::. 1971 1999 2003 2008 

Figure 5.5 Distance from bank line over periods at Aswinito la site . 

In the following di agram the relationship of year wise reducti on of di stance has been 

provided and the result states a pure ly negati ve re lationship meaning thereby the 

moderate s lope of the angle of interception and continuity in erosion . 2% of 

computed moving average of sh ifting distance over periods, is signifying a steady rate 

of reduction from 197 1 to 2003 (jig. 5.6) and ex tremely maximum in rate upto 2010-

11 as viewed in the di agram. 
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Figure 5.6 Five years of Moving Average Analys is of distance from bank line:Aswinitola Site . 

5.1.4 At Manikchakghat Site 
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During 1929-30 the di stance was 3.7 Km from Manikchak to the Bank line (jig.S. 7). 

In the following table the di stance over periods has been presented (table 5.4). Upto 

1972 the left bank shi fted to about 2.6 Km leftward. 

Table 5.4 Reducti on of Bank Line distance: Manikchak Site. 

S l No. Year Di stance in Km 

I 193 1 3.70 

2 197 1 3.15 

3 8 1-82 2.65 

4 82-85 2.40 

5 85-86 2.27 

Source: Map Ana lysis: I & W.Govt of West Benga l (Time Series ) 



-t 

5 . ~ 

'"' ~ 

~ l .S ~ 

"" -~ l _, 

"' ... 1.5 
~ 

~ 1 
0 

O.S 

0 

Time Series Analysis of the Ganga Shifting at Manikchakghat 
Site 

~-

1910 19~0 1940 1950 1960 

Year 

y = -{l.OB x • 49 94 
R' = 0.880 

1970 1980 1990 

Figure 5.7 Time series meas urement of shifting from bank line:Manikchakghat Site. 

5.2 Bank line Demarcation (Eastern Bank) of the River Ganga 
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Near Rajmahal the rive r fl ows through a narrower passage of about 2.35 km 

width with an average depth of about 8. 50 to 9.50 m below the pond level ( +2 1.96 

GTS) of Farakka Barrage. At the bank ful l stage, downstream of ri gid masses of 

Rajmahal, the ri ver fans out and within a I 0 km of distance the width enl arges to more 

than 11 .5 to 12.5 km compared to 8. 5 to 9.5 m i.e. increment rate of 0.25%.The 

thalweg skirts the ri ght Raj mahal bank of the river. The mai n channel crosses over the 

left bank th rowing secondary channels from its right (IRS image 1997) . At present 

(pre freshet 2004) two such channels are signifi cant. T he first one is the right channel 

which takes off downstream of Raj mahal and the second one is the central channel 

traverses a di stance of about 16.5 km through the bar sands and debouches into the 

main channel where the average depth is about 4-5 m below the pond level. T he 

second one, the central channel traverses a di stance of about 7 km . In 1980 there was 

hard ly any ex istence of the ri ght channel. From the early 1990 as per satelli te 

imageries (IRS I C LISS-III) 1997, 1998 , 1999 & 2003 the ri ght channel started 

developing and a well defined channel formed by 1997. Thi s developmen t is 

continuing til l the present. On cross ing from right bank to the left , the thalweg hugs 

the left bank adj acent to Manikchak ghat and culmi nates between Sakull apur -

Panchanandapur reach. After M anikchak thalweg is shi fted to about 1.5 km from the 

left bank and follows thi s course fo r a di stance of about 7.0 km. The thalweg again 
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hugs the left bank near Khaskol and continue to remain close to the bank upto 

Panchanandapur and very near to the bank up to the barrage. The Farraka Barrage is 

the blockage of the natural movement of the Ganga (Iqbal, 2010). The average Width 

ofthe main channel in this reach is about 1450-1500 m. On the other hand the face of 

the main channel bank is, almost wall like. The bird fly distance between Rajmahal 

and Farakka is only 29 km. whetea~ the deepest hugging thalweg is about 43.5 km 

and thus the sinU;o~ity-ratio is Q;~7 m. Whi<;h is an indicative of high magnitude ;pf 

meandering channel. It is due to the process of continuous erosion of the outer side 

and sedimentation in the inner bank that the stream goes on moving outward 

depositing sediment in the inner bank affected by the secondary currents (Mazumder, 

2001). 

As a result the thalweg becomes to be very close to the outer bank and very 

distant from the inner,· as evident during section study which is 200 m with a mean 

·flow of34,000 cumec and bed slope of 1 in 21,000 (Valentine,1992). Such slope is 

responsible for water logging inside the channel consequent upon heavy potential 

energy exerted by · t~e . river ·within the Panchanandapur-Sakullapur-Khaskol 

rcurve.Oscillation of the river. Ganga over the decades has been studied below. 

5.2.1 From1922-1937 

According Renne!' s survey and SOl topographical map of 1917 the length of 

the River Ganga in between Manikchak and Farakka was only 11.25 Km with a 

straight crow fly course and the course was purely following. that diagonal up to 

Dhulian Station (Perhaps Ohulian Presently) and the distance of the river from the 

longitude 88°001E at Manikchakghat was about 5.02Km and at Domhat it was 4.6 

Km, at Moynapur-Gopalpur was 4.38Km and at Khaskol was 3.56 Km,at 

Panchanandapur it was 4.26 Km. The situation persisted more or less same during the 

period 19.18-1923 and the swinging of the river found slightly. changing with repeated 

effects· of delug~ in the Ganga .. flood plains at the end of 1930s and from 1931-37 

phase the distance of the left bank at Manikchak taking reference point of longitude 

88°001E, became 2.75 Km only compared to 5.02Km in 1918-1920.At Domhat it 

became 2.49Km in comparison to a reduction of 2.11 in 1918-1920.The figure 

became 1.96Km at Khaskol (3.56 Km previously), 2.01Km at Panchanandapur (4.26 

Km previously in 1918-1920).Thus by the end of the 1930 there was a reduction rate 

of averagely 2.0 Km Within the reach ofManikchak and Farakka. The mean distance 
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was 3.25Km inl920-22. Contextually it can be said that the figure became 0.5 Km 

during 2005 which actually shows an unbelievable phenomenon of eastward river 

bank shifting. 

5.2.2 From1937-1950 

The shifting scenario in this reach was not so prominent during the period 

193 7-1951 and the serious attack~ were found mostly upstream of l\llanikchak to 

develop the meander curvature more prominent for further phases of vigorous erosion 

(1970-1998; exogenous phase of bank failure).The rate gradually started to progress 

after 1940 and up to 1951 the following fact file can be presented. At Manikchak 

there was a shifting of about 550m, at Domhat it was 940m, at Kakribandha 

Jhowbona it was 4.54 Km and 4.96 Km at Panchanandapur. Here the eastern bank 

line of the river has been taken as the line of assessment for shifting demarcation. 

5.2.3 From 1950-1970 

In this period the main .effective area was the axis wise belt of the river 

meander curvature taking the. parts of KB Jhowbona and parallel areas of Toffi, 

Shibganj Sakullaptir Khaskol etc, having average erosion of3.13m, minimum of 1.50 

m and maximum of 4.40 m 

5.2.4 From 1970-1980 

A superimposition of tile ~mageries and SOl maps as per availability over the 

decades & drafting them into unity scale ofthe river course of 1922-23, 1936-37 & 

1971 shows a large shift of main· channel to the left and as a consequence extensive 

erosion of the left bank during this period occurred. In case of meandering rivers, 

scroll bars and ox-bow lakes are common (Sui-ji, 2000) and dune banks are rare 

which is clearly evident here.The aerial extent of this erosion is about 58 sq km 

between Panchanandapur & Manikchak. In 1970 the erosion was about 730 m near 

Toffi in 1971 about 1300 m eroded near Charbabupur. Panchanandapur was attacked 

again in 1972 and about 550 mwidth of bank was eroded away. During 1973 severity 

was again observed near Charbabupur. The erosion at these places continued til11985. 

5.2.5 From 1980-1990 

In this period the attack was mainly between Dhelparua and khejuria, 

immediately upstream of Farakka, during the later part of this period erosion became 
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active upstream ·of Panchanandapur and extended up to Manikchakghat. By 1985, 

erosion started vigoro1.,1sly along the left bank reach between Manikchak and 

Moynapur. The average Slope of the bank in this reach in as found was almost like 

precipice i.e. 89 degrees to 90 degrees. 

The mean erosion rate was found 60 i m with minimum of 290 m and maximum of 

880 m from 1980 to 1990 taking the assessment years 1980, 1981, 1982, 1985, 1986 

& 1990 (table 5.5)(fig.5.8,5.9 &5.10). 

Table 5.5: Year wise statement on left bank displacement of river Ganga 
. (Manikchak to Farakka) . 

. Part-1 

Year· Gap year Reach· Point of shifting · 
af(ected assessment (Km) 

01 02 03 04 05 
1930-31 Initial X X x· X X X 

-year 
1951 20 03 4.4 5.28 4.8 4.0 3.52 
1968 17 02&03 . 1.6 1.84 1.68· 1.6 0.56 
1971 03 03&04 ·2.08 3.04 3.76 3.77 4.64 
1973 02 04 1.08 1012 0.80 0;68 0.60 
1974 01 04 0.56 0.40 0.79 1.52 0~96 

Part-2 

1975 01 04 0.72 1.20 0.81 0.40 0.32 
1976 01: 04 0.55. 0.82 0.64 0.88 0.40 
1977 01 04 0.44 '0.72 0.'96 0.64 0.48 
1978 01 01&02 . 0.32 0.40 0.40 0.24 0.23 
1979 01 01&02 0,88 .· 0.72 0.96. 1.08 0.80 
1980 01 01&04 0.80 1.44 1.20 0.56 . 0.40 
'1981 01 01 0.77 0.84 . 1.34 0.88 0.52 
1982 01 01 0.56 o:64 0.32 0.24 0.48 
1985 03 01 0.72 0.48 0.80 0.44 0.64 
1986 01 01 0.48 0.40 0.24 0.16 0.16 
1990 04 01 0.64 0.56 0.30 0.48 0.52 
1996 06 01 3.44 3.12 2.08 1.28 0.44 
1997 01 01&02 0.32 . 0.92 1.20 1.36 0.96 
1998 01 . 01&02 0.32 0.40 . 0.52 0.56 1.04 
2000 03 03 2.03 2.11 1.98 1.82 2.02 
2001 01 03&04 1.7 1.09 1.03 0.51 0.66 
2002 01 03 1.5 0.80 0.57 0.53 0.38 
2003 02 03 0.13 0.23 0.29 0.24 0.23 
2005 02 03&04 0.80 1.02 0.98 0.85 1.05 
2008 03 03&04 0.85 0.90 0.91 0.85 0.86 
Total 79 X 27;69 30.5 29.4 25.57 22.9 

•"· * Cumulative Frequency; 
Reach 01: Manikchak-Aswinitola, 

· . Reach 02: Aswinitola- Khaskol · · 
Reach 03: I<haskol"Panchanandapur,Reach04: Panchanandapur-Farakka 
Part-1 resembles Pre barrage condition 
Part-2 resembles Post barrage condition 

Average Remarks 
shift c. f*1 

-- --
4.40 4.40 

. 1.50 5.9 
3.50 9.4 
0.86 10.26 
0.85 11.11 

0.69 11.80 
0.66 12.46 
0.65 13.11 
0.32 13.43 
0.89 14.32 
0.88 15.20 
0.87 16.07 
0.45 16.52 
0.62 17.14 
0.29 17.43 
0.50 17.93 
2.07 20.00 
0.95 20.95 
0.57 21.52 
1.99 23.51 
1.00 24.51 
0.76 25.27 
0.22 25.49 
0.94 26.43 
0.87 27.30 
27.30 
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(PART I) 

SCALE 
0 2 4 

KM 

Source: I&W, Govt. of West Bengal. 

NOTE: 1,2,3 & 4 REPRESENTS 
POINTS OF SHIFTING ASSESSMENT 

Bank line 2011 (Compiled by Author based on Google Image Information) 

Figure 5.8 Locati on of shi fted Left Bank Line of the River Ganga over T ime frame (Part I). 
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(PART II) 

• KHASKOL 

UR 

SCALE 

24'55N 

0 2 4 

KM 

Source: I&W, Govt. of West Bengal. 

NOTE: 1,2,3 & 4 REPRESENTS 
POINTS OF SHIFTING ASSESSMENT 

Bank line 2011 (Compiled by Author based on Goo~le lma~e lnformaiton) 

Figure 5.9 Location of shifted Left Bank Line of the Ri ver Ganga over Time frame (Part II ). 
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[3) NOTE: 1 ,2,3 & 4 REPRESENTS 
Source: I&W, Govt. of West Bengal. POINTS OF SHIFTING ASSESSMENT 

Bank line 2011 (Compiled by Author based on Google Image information) 

Figure 5.10 Locati on o f shifted Left Bank Li ne of the River Ganga over T ime frame (Part III). 

If the total 79 years of erosion is divided into two equal halves the year 1971 fa ll s at 

the midd le junction which is incidentall y a year of hi gh di splace ment compared to 

1930. In 195 1 a continuous progressive rate has been observed. In 1971 also huge 

di splacements were observed . In 1990 the situati on was almost steady in nature and in 
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1997 the torrential rai nstorm effects have made the situation tremendous and almost 

high progressive in nature compared to the last decade. In 2003 the average rate of 

erosion was more than always 1.0 Km and in 2008 it was about 1.5 Km . Starting from 

1951 upto 2008 the trend is decrease in di stance means erosion unabated over periods 

(fig. 5.9-5.10 ). 

Distance of the Ganga Bank line during 1951-2008 

4 .5 

<= 
;;z 3 .5 
"' ~ 
"' :::; 
-"' 

~ 2 .5 

<; 
~ 

~ 1.5 
Ci 

1 

0 .5 

Figure 5.11 Distance of banklineof River Ganga over periods 

Taking a period of 47 years of the assessment starting from 1951 to 2008 the 

fo llowing resu lts were received which summarizes the degree of severity within this 

assessment period (fig. 5.1 1 ). 

In the following di scuss ion the comprehensive resu lts for the entire period of about 

80 years of shifting is as below: (i) Mean erosion-1.09 Km , (ii) Maximum Erosion-

4.40 Km and (iii) Minimum erosion-0.22 Km. 

A close examination shows a number of successive crescent shaped 

abandoned water bodies and also a crescent shaped character of differential settl ement 

line. The reconstruction of the alignment of the abandoned loops are similar to that of 

eroding left bank line subsequent to 1922-23 marked as MARGANG (local name) 

meaning thereby a dead river as in the 1922-23 SOl map. Such relics in the Diaras 

prove that the river shifted to right (Rajmahal side) and again came back to the left i.e. 

Maida side. Such oscillation has been also evident by computing the di stance of the 

left bank from specific !at/long intersecting references ( 88°001 E as fixed) which is 

indicative of the fact of reduction of di stance from bankline onwards 1937.The 

vertical heights of the char lands near the water edge ranged between 2.0-3.5m. 

Whereas the normal heights of the older bank ran ged between 5.5 - 6.0 m. The 

findings led to acknowledge that the differential settlement line at the maximum left 
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was once the left bank of the river Ganga. The right wards shifting lasted for only 11 

to 13 years and again took swinging leftward by taking the previous spill abandoned 

palaeo-features. 

The situation from 2003-2009 displays ·the leftward extreme swinging. During this 

time the present bank line between Farakka and Khaskol reached further inside 

country. The line joining Manikchak, Enayetpur, Dharampur, Chandipur, Nathinagar, 

Bhawanipur, .; 'Mohanpur, ··; and · KI!~s.kol.,-Sakullapur, Panchanandapur villages 

demarcated the present alignment ofthe bank lineupto 2011-2012. The analysis ofthe 

stuation can be like this 

i)From 1922 to 2010 about 6 Km reduction in distance has been observed. 

ii) Panchanandapur,Khaskol,Birodhi,Hussainabad and Toffi are the mouza-villages 

were variation of shifting was found exceessive. 

iii) Mohompur to Toffi ,this section has experiencedheavier loss than reach from Toffi 

toFarakka. 
. . 

iii) Changing pattern from 1922 1981 is more variable than period 1982-2010. · 

iv) In the downstream from Rajnagar to Farakka the pattern is comparatively verey 

low in chane detection(fig. 5.15) 

Table 5.6 Comprehensive Framework of Leftward Shifting of the River Ganga. 

Sl Location (at fixed 
Site 1922-1938 1971-1981 2002-2010 

No. long 88°00' E) · 
1 24°48'00"N Farakka 4.00 4.10 4.35 
2 24u49'00"N Rajnagar 4.80 5.30 5.00 
3 24u50' OO"N Raj nagar 5.60 6.40 4.30 
4 24°51' OO"N Charbabupur (destroyed) 6.50 6.20 3.60 
5 24u52'00"N Toffi (destroyed) 7.94 7.30 2.80 
6 24°53' OO''N · Toffi (destroyed) 7.40 5.60 1.60 

7 24u54' OO"N . Toffi (destroyed) 8.00 4.00 1.50 
8 24u55' OO''N Hussainabd 8.20 2.80 1.20 

9 24u56'00"N .·. Hussainapd 8.20 2.40 1.70 

10 24u57'00"N Birodhi 8.10 2.40 2.00 

11 24u58' OO''N . Panchanandapur 8.40 2.60 0.96 
12 24°59'00"N Panchanandapur 8.20 3.00 0.40 

13 25u00'00"N .Bangitola 7.50 3.10 1.00 

14 25u01' OO"N Khaskol 8.50 4.00 2.10 
15 25°02~'00"N Mohonpur 10.60 6.80 3.30 

16 25u03'00"N Bhawanipur 10.40 9.40 6.60 

17 25°04' OO"N' · Enayetpur-Dharampur 9.80 12.00 11.12 
18 25u05'00"N Manikchak Ghat 11.00 13.40 12.40 

Source:Compiled by map Analysis(SOI Topographical map 1971,Sateliite lmagery,1997,2001 & 
2003,Google Imagery 2011). 
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RIVER GANGA: BETWEEN RAJMAHAL & FARAKKA 
Morphological Changes PHASE -1 
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Source: SOl TOPO SHEET (Bank Line 1922-23- 1936-37) 
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Figure 5.12 Morpholog ical Changes of Course from 1922 to2005 taking 88"001E as Fixed Co-ordinate 

( 1922- 1938) . 
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RIVER GANGA : BETWEEN RAJMAHAL & FARAKKA 
Morphological Changes 

PHASE II 
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Figure 5.13 Morphological Changes of Course from 1922 to2005 taking 88o00/E as Fixed Co-ord inate 

( 197 1- 198 1). 
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PHASE Ill 
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Figure 5.14 Morpholog ical Changes of Course from 1922 to2005 taking 88o00/E as Fixed Co-ordinate 

(2002-20 I 0). 
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Figure 5.15 Course shi fting og Ri ver Ganga and its impact on affected mouzas( l 92-20 11 ) 

5.2.6 From 1990-2006 

The action of dow nstream swi nging of the left bank from Moynapur to Aswinitol a 

continued tol998 and the devastations carried in the years 1997, 1998, 1999, 200 1 & 

up to the middle of 2002.With the passage of time the erosion of the upper reach from 

Manikchak ghat to Moynapur graduall y dimini shed and the eros ion of the immediate 

lower reach up to Panchanandapur increased. 

By the year 2000 e rosion between Manikchak ghat and Khaskol, a distance of 

about 14 km; ceased and there was no appreciable erosion in thi s reach till the end of 

the year 2002. The erosion, however, continued un abated and reached to a maximum 

distance of 4.5 km (about) between Khaskol & Panchanandapur. The bank here is 

almost vert ical as viewed in January 2004 fie ld work by the author. 

From the freshet season of 2003, Manikchak ghat was again attacked. During 

2005-2007 lesser attack observed near Panchanandapur-Sakull apur-Khasko l reach 

rather few parts of Dharampur Domhat areas are attacked by withdrawal of basal 

su pport and liquefaction of sub surface bank soil. 

5.2.7 Bank line of 2010-11 

After 2007 the areas like Panchanandapur, Sakullapur, and Kh askol belt have 

been in almost erosion withdrawals and onset of e rosion in the Domhat, Moynapur 
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part and fewer seCtions near Gopalpur, Nathinagar Aswinitola. The Bank line of2007 

2008 is almost representing· the situation of 2010-11 except few pocket areas of 

erosion .About 10 to 15 Kms of course.length found under attacks of erosion. High 

water table of 25.40 m water head with fluctuating 1 m to 2 m in deluge periods has 

resulted 1 00s of homeless destitute and. clandestine calamity refugees during 2000 to 

2003 periods .. , 

Thus the p~opensity of shifting and severity of erosion connected with riverine 

course chaiJ.ges; have created almost unabated erosion of bank. Until the curvature 

morphology of the meander denies the trunk flow of the river (Thalweg velocity) to 

take another way _leaving such a bend tum to passage out, or finding out of more 

convenient shortest possible path with development of off shoots (abandoned loops ), 

there will be erosion at places to attain the threshold limit or culminating situation of 

meander curvature development.The comprehensive framework is as below(fig.5.16). 
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The analysis brings into sharp focus on the spati a l pattern of leftward sh ifting 

of the river over time. The study reveal s academic insights into the matter of micro

regional variations in erosion from time to time.The phases of shifting can be 

sem meri zed as below: 
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Analysis and computations over maps, imageries and SOl toposheets make an 

understandable framework of swinging cum 'oscillating river pattern within an alluvial 

riverine trajectory, and can be discussed under the following heads: 

i) After the super initial periods of 1917-18 the river made a lobe towards east, 

though almost with negligible amplitude of curvature during 1929-193 Os, which 

actually culminated during 1970-1971 with a faster rate. 

· ii).",. St¥titjgJr,QP,l: _1970~~9l!~~Qs.:via the .years 1973, 197 4, 197 5, 1977~ 19~0 mainly the ... 

localities like nhelparua, Shibganj, Toffi, Charbabupur, up to Laskartola nearer 

to the Farakka Barrage was in attack and slumping was carried out in almost 

parallel fashion. 
. . 

iii) In the next entire decade the need of maintenance of hydro dynamism and 
. . 

meander cut development with . skirting thalweg, was found along Manikchak, 

Moy~apur, Domhat section at the northern part of the river comprising the year 

marks like 1980, 1981, 1982, 1985, 1986, to 1990 and lesser propensity was 

experienced at Panchanandaptir, Sakullapur, Khaskol belt. 
... 

iv) The immediate next phase-was of the axis top of the meander curve of the river 

covering localities like Sakullapur, Panchanandapur, Khaskol, Jot Kasturi, 

. Birodhi section mostlystartihg from-1995 onwards withtremendous·severity 

after 1997, 1998 and 2000 flood effects and continued up to 2005 with a mean 

rate of 330-450 ha of yearly landloss. 
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CHAPTER- VI 

Nature of Intervention 

6.1 General Discussion 

As we know that up to 1931, the reach was more or less straight between Rajmahal 

and Farakka. The strategy to build up structural measures took attention 

from1963.The chances of incipient gully formations along the bank developed after 

spur installations during late 1960 onwards. For example the possibility to spate the 

blocks of Kaliachak I & II, Manikchak and Englishbazar was found through Gopalpur 

Khari (incipient gully) in 1998 (Rupantarer Pathe, 1998).It has been witnessed that as 

much embankments have constructed, natural attacks by the river increased by many 

times compared to 1930- 1960 periods. For instance, after construction of 5th retired 

embankment from 1991 to 1998 further erosion engulfed more than 2 km width of 

bank line for a distance of 10.00 km from Domhat to Panchanandapur up to 1998 and 

it increased an additional area of more than 11 kms. The necessary measures that were 

Table 6.1 Year wise statement of installation of Spurs. 

SI. No. Year Identitr of Embankment I fu!ur 
1. 1996 Spur24 
2. 1997 5m retired embankment and spur no. 24 
3. 1998 Restoration of spur 24 
4. 1999 New spur near Kaliachak II 
5. 1990 Spur no. 20 and 10 
6. 1991 Restoration of spur no. 20 and 10 
7. 1992 to 1995 Strengthening of spur no. 10, 18 & 20. 
8. 1990 Restoration of spur no. 10 
9. 1998 Strengthening of spur no. 10 & 20 
10. 1999 Construction of 6m retired embankment near Khasko1 and strengthening 

of spur no. 20 
11. 2000 Restoration of 6m retired embankment near Khasko1 and Daulatola in 

Manikchak and Englishbazar 
12. 2000 Repairing of spur no. 19 
13. 2000 Reconstruction of spur no. 20 (upstream ofFarakka Barrage, P.S. 

Kaliachak) 
14. 2000 Construction of 7m retired embankment on the left bank of river Ganga 
15. 2001 Construction of8m retired embankment (upstream ofFarakka Barrage) 

P .S. Englishbazar & Kaliachak 
16. 2001 Remodeling of marginal embankment (Bull headed 'D') P.S. Kaliachak 
17. 2001 Protection of spur no. 18 (P.S. Kaliachak) 
18. 2001 Protection over 8m retired embankment for 1.5 km from the tagging 

point ofPanchanandapur (P.S. Kaliachak) 
19. 2002 Construction of bed bars with the falling apron and revetment along 8m 

retired embankment (P.S. Kaliachak) 
20. 2002 Construction of bed bars with revetmentand falling apron from tagging 

point of spur no. 18 & 17 at Panchanandapur 
Source: I & W, West Bengal, 2003. 



To make out the scenario more prominently the location of the spurs with their 

identity numbers may thus be presented as in Fig. 6. J 
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Figure 6.1 Location of Left Bank Line Spurs of Ri ver Ganga in Maida District. 
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In the· following discussion, the measures taken so far are· being discussed : 

6.1.1 Spurs 

From time to time and year. to year different spurs had been installed. 

6.i.1.1. During.l970 -1980 

189 

After 1963, actually making of spurs became very much important. In 1972-

1973, ten (10) number of bull· headed spurs were installed near Jhowbona, 

Panchailandapur and Laskartola. These four (4) spurs wiped out readily and the other 

six (6) could only save their existence after 1973 flood. During 1973 - 74, eight (8) 

number of modified bull headed spurs were set along the left bank near Charbabupur 

and Dhelparmi and they existed till 1974 up to their outflanking in heavy erosion. In 

1975, the heavier Sahebganj~dhap spur was totally wiped out. To restrict the heavier 

wasting of bank 29 bed bars were installed of submersible type from Jhowbona to 

Charbabupur covering Panchanandapur, Laskartola and Dhelparua but the dawn of 

making became history up to 1975 flood season. The period from 1975-1976 nine (9) 

· number of spurs were constructed at Charbabupur, Rajnagar, Toffi and Sahebganj 

Dhap reach. Damage· and breakage of these nine (9) spurs were repaired after post 

floods of 1979.During the flood period of 1978 spur numbers 2, 4, 7, 8 and 9 were 

seriously attacked and spur numbers 3, 5 and 6 totally out flaked though they were 

restored after 1978. 

6.1.1.2 ~uring 1980 -1990. 

Actually 12 km of 'immediately· upstream of Farakka barrage received prominent 
:, 

severity of erosion in this period. On the other hand the later phase was characterized 

by similar severity along Manikchak-Moynapur sub reach. From 1980-1985 mainly 

repairing, restoration, maintenance and renovation of spur no. 07, 08 and 09 were 

carried out. Construction of bed bars and their maintenance were also taken up. 

During 1985-1990, Moynaptir bar was made up. Spurs with numbers 12 and 24 were 

maintained. The need to fill up the br~aching part of the afllux embankment was a 

serious task and the restoration of the left marginal embankment (Roy, 2000). 

6.1.1.3 During 1990-2005 

Panchanandapur to Moynapur was the main reach in this period. Near Moynapur spur 

no. 25 .and 26 were ~repared. Sim~larly reconstruction & restoration was done for spur 

. numbers 20, 24, 25, and 26 as well spur no.18 and 10. In. 2002, bed bars were 

constructed near · Panchanandapur with revetment ··and falling apron from spur 
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numbers 17 to 18 to save the Ganga Bhawan. By the end of 2003 - 2005, Sakullapur, 

Dharampur and Khaskol attracted attention. During 1993 flood situation and 1994 

erosion three spurs numbered 25, 26, 26A were out flanked. Up to 2004-2005 most of 

the spurs were seriously wounded almost mainly in areal collapse and cavity attacks. 

Up to 1996 in Manikchak Gram Panchayet only about 1,350 acre land was found 

untouched from erosion compared to 2,300 acre eroded land in case of 08 mouzas 

(Sarkar, 1998). 

6.1.2 Embankments 

A Number of embankments have built up in Maida from time to time to save the 

bank from erosion of the shifting river. But in most of the times the marginal 

embankments having been breached, has touched the back lying retired embankment 

and has transformed into retired one in real sense. Actually the major erosion 

protective embankments in Maida are: 

1. Eastern marginal embankment from south ofBhutni Diara to Farakka. 

n. Fulahar embankment for old Koshi & Fulahar. 

m. Likhal Khal embankment at the back ofKalindri and parallel to Fulahar. 

IV. Sambalpur Bundh, Kidney shaped and further east ofLikhal embankment 

v. Bhutni circuit embankment along the Marginal belt ofBhutni Diara 

v1. Affiux embankment almost perpendicularly located to Farakka Barrage. 

vn. Spill channel embankment below Farakka Barrage was made up along the left 

bank of the river and was of prime importance for flood protection. 

vm. Protection and Restoration of Bhutni-Diara circuit embankment, Affiux 

embankment was taken up during the1998-1999 economic year (I &W, 1999). 

Actually the main embankment here is the eastern Diara Marginal one and the 

associated retired embankments (Fig. 6. 2). These are discussed below: 
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6.1.2.11980- 1990 

During this phase special attention had been provided to the making of embankments 

and their maintenance plus further repairing. From 1980 to 1985 reconstruction of 

existing marginal embankments and spill checking embankment was taken up. 

Restoration of Farakka tagging embankment of afflux type with that of the marginal 

one was also given importance. During 1985-1990, the construction ofthe Moynapur 

retired embankment was done. In this period construction of ring bund and closing the 

breach in the forward embankment and the strengthening of marginal embankment 

was seriously completed. 

6.1.2.2 1990- 2003 

This phase was very important regarding the activities of preservation, maintenance 

and restoration of the embankments. Construction and maintenance of the 

embankments though did not control any ferocity of the river attacks. This works 

done in this phase have been listed below: 

I. Making of 3rd retired embankment 

u. Raising and consolidation of 3rd retired embankment 

111. Construction of retired embankment at Aswinitola (Domhat to Goloktola). 

IV. Construction of 6th retired embankment 

v. Protection and renovation works on 6th retired embankment at Khaskol & 

Daulatola. 

vi. Construction of ih retired embankment 

vu. Construction of 8th retired embankment 

viii. Remodeling of eastern marginal (Diara) embankment 

IX. Protection of 8th retired embankment 

x. After flood 1997, 4th retired embankment was seriously attacked 5th retired 

embankment was strengthened near Aswinitola and the marginal embankment 

was engulfed at places. 

x1. 9th retired one is still alive and was consolidated in 2003 -2004. 

xii. 8th retired embankment was seriously attacked in 2003 from Khaskol to Pagla 

ghat and almost destroyed. 

xm. Land acquisition between Sakullapur - Panchanandapur reach during 2005, to 

protect the area near spur 17 and protection plus build up of the 9th retired 

embankment. 
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xtv. Near Jotkasturi and Sakullapur the alternative embankment was washed away 

for 70% of its total length and 81
h retired embankment was fu lly eroded up to 

Bhagirathi point covering parts of Jot Kasturi to Jot Ananta. 

xv. 71
h retired embankment was attacked in 200 1 seriously from Jhowbona 

(Jl.No.03) to upstream of Jot Ananta of Kaliachak II. 

xvt. During 2007-2008 and post 2008 periods till now, the 91
h retired embankment 

is the only safeguard of extreme type after the 60% engulfment of the 81
h 

retired embankment. 

The working group on Flood Control Programme for I Oth five year plan has said 

in its report that, the financial outlay required for the Tenth Five Year Plan has been 

worked out on the basis of the projections made by the states with international 

border and hav ing serious flood and eros ional problems.These funds are, however, to 

be provided fully by the central Government due to international implications 

(Basu,2004). 

m 

B/L: Bank Line 
0 8 th ,9th Retired 

Embankment 

Tagging Point 

Restoring 9th 
Retired 

Figure 6.3 a Embankments near Panchanandapur Area. 
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The location of the last few ret ired embankments in a comprehensive manner is 

has been presented lates t up to 1 anuary 20 12 in the j ig. 6.3 a and b. 
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Figure 6.3 b Embankments near Panchanandapur Area. 

6.2 Impact Assessment and Usefulness analysis of interventions 

To solve the problem of Ganga erosion, the need is to be very cauti ous about the 

measures to be taken up from eco logical point of view. Many a time making of 

structural measures in dry season is problematic without knowing proper info rmation 

of in -channe l water table. Upstream of Farakka Barrage the pond level at the Barrage 

is maintained purposefully to regulate wate r to Bhagirathi River th rough feeder canal. 

Upstream of Farakka the water table is kept at such a level so that to regul ate steady 

fl ow of water to Bhagirathi and for which near Farakka, bui ldin g up of launching 

apron from within the channel bed and pitching of boulders along the bank is a 

seri ous attempt against stream dynamics. For which repelling spurs are reall y needful 

to direct and train the water pu rposefull y taken as short term measure. For whi ch 
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actually· bank protection measures are less important at marginal parts of bank line 

rather making of repelling (attracting and deflecting spurs) spur may be a short term 

protection. Attually wherever we· are at the close to the real menace especially in case 

of rivers; river dynamics play its own role and man is at the grant of that. Up to 1998, 

repeated attempts of spur making were a continuous action. In case of any river 

regime mainly meandering rivers construction of deflecting spurs at the upper part of 

the meander curve near Matiikch3k :bomhat area before 1993 --:. 1994 period was. a 
. . a ~ 

futile action.· For which impinging. flow attacks came to Panchanandapur part 

vigorously and the meander apex shifted more downward from Khaskol to few kms 

down of Panchanandapur. After 1995 most of the downstream spurs were engulfed 

because of such action. Spurs should be properly winged with boulder pitching along 

both the ~pstrea~ and do~stream part ~f bank line taking at least 250 to 300 m of 

bank line. The misfortune.is that in most of the cases though the spurs are installed as 

deflecting spurs but unmanaged installation turns them to an attracting spur. Winged 

spurs are not installed in many a time due to scarcity of financial infrastructure. 

Actually maintenance is not properly done at a regular basis. Back erosion of the 

spurs(incipient gully forms): ~as .engulfed them seriously for which upstream of 

Farakka Barrage, the _spur at distance of 26 km, 24 km, 20 km, 12 km, and 18 km 

have totally ruined as stated by P .Basu in 2004. Bull headed spurs have played rather 

negative role as the bull shaped heads response much in gravitational attraction than 

its tail part and fall of the head leads to steady engulfment of the remaining tail part 

automatically. Long repelling. and deflecting spurs still are not in reality in Malda due . : ~ . . . . 

to less cost- benefit ratio. Any long repelling spur should be reached to the river bed 

having at least 200 ....: 300 in of length. Improper execution sometimes becomes the 

reason of unwanted reactions in channel hydrology(plate:6.1). Discontinuous spurs 

aggravate the formation of incipient gully(table 6.2) and sudden collapse ofthe spurs. 

Table 6~2 Inter-spur Distance(m)along the LeftBanklineofRiver Ganga. 

SINo. Spurs Inter spur Distance m Av. Distance 
1 1~2 830 
2 2-3 660 544m 
3 3-4 670 
4 4-5 840 
5 9-10 500 
6 14-15 160 
7 20-21 150 

Source:Complled from: map and Fteld measurement, 1999. 
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Install ation of Manikchak spurs could have placed at least I 0 km downstream of 

Aswin itola to achieve the most possible utility to act as defl ecting spur. If the ground 

pitching of the indi vidual spur is not at a depth at least 20 m, the longev ity reduces 

about 2 to 4 years. Aproning of the sand beds alo ng the bank by iron sheets is needed 

but which was reall y a dreamlike pl an in M aida in respect of effluences of money. 

Defl ecting spurs should have at best more than 90° in respect of attacki ng currents. 

Submersib le cameras should be used to view the down pouring of bou lder barges. If 

the launching apronin g is inadequate, down pressure will lead to the sub surface 

underminin g more and more, which is a very precise ground reality in Maida. 

Pi are 6.1 /mer spur spacing berween Sakullapu r-Panchanandapur. 

Spurs should have multi -layered pitching fro m groun d level keepi ng in vtew 

hi e rarchy of layering as per the size of the boulders. Wipe holes are to be opened up at 

about 30 m di stance along spur wall s, where cemented and concerti zed spurs are to be 

set up to reduce down back water and over-saturated water pressure along the spur 

wall. Geo-synthetic block mattresses can be used for anchored and fl oati ng spurs, but 

that yet not have been possible in Maida. 

Conclusion 

The plan can be like thi s, the spur is pl aced a long the bank line with chai ns of anchors 

at di stant or far off locati on from bank (at best 200 - 230 m from bank) and the spur 

feet will be fl oating on meta l tarja mats against the cav ity wounded banks . The aim is 

to drag and bring the spur at desired spots as and when required . Such a measure is 
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not still possible. In case of submersible bed bars anchoring should have been tagged 

to the bed and the bank both but actually technology of bed anchoring over loose soil 

is not possible easily. Articulated concrete mattresses are much superior to normal 

pitching. Small concrete slabs are joined with each other in this case within an iron 

panel. A number of adjoined panels will result into a big mesh of desired elasticity. 

Each sheet is composed of many panels and the sheets are stitched with each other by 

polymer threads. Spreading of such mattresses should be taken into consideration as 

urgent and successful measures than spurs and the extent of spread should be 200 m 

back of the bank top to the foot of the bank estimated in dry periods. The joints and 

pockets of the mattress are concretized with bank infiltrating liquid cements. Boring 

of pipes can even strengthen the attachment of the mattress and the bank. 

On the basis of such discussion the impact of spurs and embankments with necessary 

modifications can be summarized as below: 

a) Bull heads have invited excessive acceleration of gravity and failure of the 

spurs. 

b) Discontinuous spurs lead to incipient gully formations and further cavity 

attacks in between two successive spurs. 

c) Apron-less pitching at the base of spurs lead to over superincumbent load 

pressure and slip down of sand beds at faster rates. 

d) 300- 400 m distance need between the marginal & retired embankment with 

regulators to gush out trapped rain water and to stop to destroy the lithological 

saturation through accumulated rainwater. 

e) Anthropogenic digging of soil at the back of the spurs or embankments if not 

restricted, it may cause instability of the embankments which has found a dam 

reality in Malda_ 

f) Spurs needed to be fenced with palisades in the frontal and the back side parts 

of the structure to trap down falling silts with runoff water. 

g) Embankments without guide walls and breach repairing can even play the 

volatile role of unwanted flash flood. 
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CHAPTER- VII 

Consequences of Bank Erosion 

7.1 Bank Erosion and social Disruption 

Bank erosion has been a serious reason of social disruption. Social Disruption 

has been culminated to blind superstitions. A local news paper "Gour 

maldah"published an editorial write up dated 23rd October 1998 on the really thrilling 

incident of social disruption. Some of the villagers of Khairatitola village of 

Manikchak slaughtered three buffaloes in the nearby Kali temple keeping in view that 

their sacrifice will bring good fortune as the goddess being pleased will favour serious 

fortunes. In 1998 on 3rd July near Laxmipur 04 goats had been thrown to river Ganga 

to satisfy Mother Ganga. On the other hand bank erosion has distorted the spirit of 

joint family in a way that portion of one brother when is in grasp the other is still 

intact and further to be engulfed. For which one brother is forced over a time frame to 

search for new locations of dwelling as ·well occupational sources. Verbal 

communications through group talk 15 cases of such type were found during a single 

visit to Panchanandapur-Birodhi area and 20 cases at Manikchak-Domhat area and 

was validated through verbal cross verifications. It also created loss of social status of 

land owners due to undervaluation of their lands (plate 7.1),. Before wasting, for 

example at Laxmipur 3,000 Rs. each Katha of producing land was a general situation 

.But after wasting when the attempted to reoccupy their land on the other side bank of 

the river few new thikaders or unauthorized land mediators forced them to buy their 

lands paying 10,000 Rs. each Katha and even more in a oscillating price value based 

market situation which was beyond their economic capability. All these incidents 

were accounted during and after 1998 -2000 period through repeated visit and verbal 

talk with heterogeneous age group people at two nodal places i.e. Panchanandapur

Birodhi and Manikchak ghat. In these circumstances the only way was to allocate 

accumulated money for the other family members and to purchase in a bulk. In most 

of the cases to avoid or minimize village factions and quarrelsome state they favoured 

to be united within their clan members akin to blood relations which called "gyati 

system". This system ultimately consequent upon contribution of proportional money 

for proportional land holding capacity .But reality speaks little different. As in most 
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cases all the brothers of a single gyati were not financially of even capacity, there was 

differential money contribution at the pre purchase level and which only, afterwards 

created dissatisfaction among them and ultimately another breakage at social level in 

spite of the physical threat by the grasping river.It has heard that, Miscreant groups of 

Gadaichar who perform unwanted snatch and unlawful actions called as social vile 

mainly attack the poor peasants. Actually reappearance of new charlands along the 

Bihar side border areas without judicial ownership consequent upon unlawful 

capturing for exaggerated greeds.Panic from such wretch groups at Duani, Bhutni, 

Gadai and surrounding areas have noticed in the experiences of the villagers during 

2000. It also changed the occupational structure of the concerned areas.A few number 

of students were engaged in services,petty trade,and river-related occupations 

(Iqbal,2001,2010). At Panchanandapur what was the scenario of the main earning 

member of the 25unit affected families (small sample) in terms of shift in 

occupational structure was exemplified (table. 7.1). 

Table 7.1 Change in Social space through Occupational Shift: Panchanandapur 

Sl. 
Before wasting of land After wasting of land 

No. 

1 Agriculture Marginal labour/land worker(seasonal) 

2 Agriculture Hired Labour 

3 Teaching and Agriculture Teaching 

4 Agriculture Tobacco Packing & compensation seeking 

5 Agriculture Labour outsourcing( contiguous states) 

6 Agriculture Degraded agriculture 

7 Agriculture Land labours/workers 

8 Agriculture Bindi(indigenous cigars)binding 

9 Shop keeping unemployed 

10 Service Tobacco packing(small scale) 

11 Service Tobacco Packing and indebting 

12 Business Member Ganga Action committee 

13 School Teacher & agriculture Contract Business 

14 Grocery shops Same( deformed condition) 

15 Grocery shops Grocery shops(temporary shop) 

16 Agriculture Labour outsourcing( contiguous states) 

17 Labour Labour 
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18 School Teaching and 
labour Contracting 

Agriculture 

19 Cultivation & Boat sailor Cultivation to other land 

20 Sewing cloths Sewing and Tobacco Packing 

21 Agriculture Private service 

22 Agriculture Small psiculture 

23 Agriculture Tobacco Packing and indebting 

24 Agriculture Marginal labour/land worker(seasonal) 

25 Agriculture Daily wage work 

Source: Field Investigation (autumn, 2010). 

Over viewing the above table it is being evident that all on an average the social 

prosperity which is normally an indicator of social well being was seriously degraded 

rather disrupted after land failure periods at Panchanandapur-Birodhi area. The above 

table is only a case wise analysis but the situation was a cumulative one over periods 

roughly from 1990s to 2010-11 even till date at various magnitude of severity. In the 

next table same situation was exemplified in Manikchak block taking same number of 

sample units to verify change of situation in respect of occupation (table. 7. 2). 

Table 7.2 Change in social space through Occupational Shift: Manikchak 

Sl. No. Before wasting of land After wasting of land 
1 Agriculture Outsourced labour and land labour 
2 Agriculture Outsourced labour and land labour 
3 Agriculture Outsourced labour and land labour 
4 Agriculture and orchards grocery (stationary articles) 
5 Agriculture Seeking compensation , visiting beggar 
6 Agriculture Hired labour 
7 Agriculture Boatman 
8 Agriculture Business supplier(seasonal) 
9 Agriculture labour in other land 
10 Agriculture and orchards Other business activity 

11 Agriculture Interstate labour (contiguous states) 

12 Agriculture Interstate labour (far off states) 
13 Agriculture tobacco Packing and homestead worker 

14 Agriculture Interstate labour (contiguous states) 

15 Agriculture Salesman(food articles) 
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16 Agriculture Marginal worker 

17 Agriculture labour in other land 

18 Agri culture labour in other land 

19 Agriculture labour to other state 

20 Agri culture tobacco pouch making & begging 

21 Agriculture labour to other state & tobacco pouch making 

22 Agri culture and orchards Salesman 

23 Agriculture Land labour(ex ploited level) 

24 Agri culture Ferrying 

25 Agriculture Materi al supplier 

Source: Field In vestigation (autumn, 20 I 0). 

There was change in income leve l with change in fa mil y structure. In a study it 

was found that the most of the families were nuclear in structu re,w ith 56.8% (2 1 

families) being unitary households (lqbal,20 l O).The scenario can be assumed in two 

case studies of Panchanandapur( Fig. 7. 1) and Manikchakghat. In the fo llowing table 

here is the income structure of the family head with one income person which has 

been viewed in a framework of pre and post wasting situati on (table. 7.3) and in 80% 

cases earned money in Rs. per month in the post situati on was found half than that of 

the pre situation. 

Plate 7. 1 Aesthetic preserwllion at the disposal of hank failure 
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Table 7.3 Pre and Post income situation ofbank erosion (25 unit family) 

Manikchakghat 

Sl No. 
Pre situation Post situation 

%change 
Income in Income Difference(Rs.) 

of family 
Rs. Per month in Rs.per month 

1 8,000 3,500 4,500 56.25(-) 

2 9,500 4,000 5,500 57.89(-) 

3 7,000 1,800 5,200 74.28(-) 

4 7,500 3,500 3,500 50.00 (-) 

5 13,000 1,500 to ,2000(Floating) 11,000 84.61 (-) 

6 7,500 3,350 4,150 55.33 (-) 

7 7,000 4,000 3,000 42.85 (-) 

8 12,000 5,500 6,500 54.16 (-) 

9 28,000 2,000 26,000 92.85 (-) 

10 20,000 8,000 12,000 60.00 (-) 

11 18,600 7,500 11,100 59.68 (-) 

12 8,000 4,700 3,300 41.25 (-) 

13 5,000 2,250 2,750 55.00 (-) 

14 9,000 4,200 4,800 53.33 (-) 

15 4,500 5,000 500 11.11 (+) 

16 8,000 4,000 4,000 50.00 (-) 

17 6,750 2,300 4,450 65.93 (-) 

18 7,000 2,950 4,050 57.86 (-) 

19 25,000 7,500 17,500 70.00 (-) 

20 7,500 2,400 5,100 68.00 (-) 

21 10,000 5,500 4,500 45.00 (-) 

22 5,000 3,000 2,000 40.00 (-) 

23 6,600 2,500 4,100 62.12 (-) 

24 5,500 4,400 1,100 20.00 (-) 

25 5,500 2,700 2,750 50.00 (-) 

Source: Field Investigation (autumn, 2009), Group interview. 

Similar situation was witnessed in case of Panchanandapur which was more 

acute and severe affecting even their life holding competency.Fall in agriculture is an 

indicator of social backwardness now.Backwardness in agricultural development has 

been found in five blocks.Kaliachak II is one ofthem(Siddiqui and Hussain,2010). 
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Table7.4 Pre and Post income situation ofbank erosion (25 unit family) 
Panchanandapur 

Pre-situation Post-situation %change 
Income in Income in Difference(Rs.) (Difference/Pre 

Family Rs.per month Rs.per month situationx100) 
1 1,05.000 20,000 85,000 80.95(-) 
2 21,000 2,400 18,600 88.57(-) 
3 82,000 14,000 68,000 82.92l:}_ 
4 66,000 4,000 62,000 93.931:}_ 
5 38,000 4,500 33,500 88.16(-) 
6 77,000 8,000 69,000 89.61(-) 
7 30,000 2,500 27,500 91.67(-) 
8 50,000 3,500 46,500 93.00(-) 
9 4,500 2,000 2500 55.56(-) 
10 19,000 2,000 17,000 89.47(-) 
11 20,000 5,000 15,000 75.00(-) 
12 15,000 2,000 13,000 86.67{:1 
13 30,000 10,000 20,000 66.67(-) 
14 15,000 7,500 7500 50.00(-) 
IS 14,000 6,000 8,000 57.14(-) 
16 35,000 1,000 34,000 97.14(-) 
17 2,500 1,200 1,300 52.00(-) 
18 64,500 10,000 54,500 84.38(-) 
19 26,000 7,600 18,400 70.77(-) 
20 8,000 5,500 2,500 31.25(-) 
21 30,500 11,400 19,100 62.62(-) 
22 15,600 2,900 12,700 81.41(-) 
23 30,500 1,700 28,800 94.43(-) 
24 35,800 4,400 31,400 87.71(-) 
25 22,000 2,800 19200 87.27(-) 

Source: Field Investigation (autumn, 2009), Group interview 
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In the above table. 7.4 the situation has even found much more badly than that 

of the earlier case study of Manikchakghat. Only for a single family the percentage 

change has been found as a positive case, whereas the situation of the rest 24 families 

is not even capable to earn their subsistence which ultimately resulted into village 

factions and demand based dissatisfaction exaggerated the situation of social tension. 

Astonishingly in few cases the percentage change is more than that of 85% reduction 

while comparing the before and after situation of erosion. The following Digram is 

presenting the contrasting situation with wide range of variability. The breakage of 

unitary family also resulted very bad in agricultural sectors. In a study the largest 

household in the sample,belonging to an extended family at Dakshin Chandipur,was 

found with 20 members (Iqbal,2010). 
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Figure 7.1 Contras t of Pre and Post Eros ion Situati on in Income: Panchanandapur 

In the above figure the situati on of pre eros ion phase is fo r a ll the families 

show a very properious condi tion which has become seriously degraded after post 

erosio n phase (Fig. 7. J ). 

Serious in ves ti gati on over other associated prob lems will also show some 

mi serable condi tin of the local inhabitants re lated to the ir life and even to be intact at 

spec ific locations. Examples of 25 househo ld units having the problems of shi fting of 

the ir dwelling places are another important indicator of social di sruption (Fig. 7.2). 
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Figure: 7.2 T imes of sh i fling of household: Panchanandpur 
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In the above diagram its is evident that 70% of the households have shifted 

their dowelling places for more than 4 times and 20% of them have shifted for 5 

timess even. 

Different other types of social disorderliness and unauthoritative actions were 

found (table 7.5) to be committed as per the mass interactions during June 2008. 

Table 7.5 Registering Social Disorderliness at selected spots (June 2008). 

Types of social diorderliness 

.... ~ 
~ 0 = ~ ..... 
= ~ ~0 .S<""' = SI. Places ~ 

~~ ~ c:l...,. ;..... CIS ..... 
-c .e = ~~ 1:1. ..... ·c Q,) .:= ~ = No. -"' CIS': ~ 

.... a·c :8"' =~ 
0 ~E.~:; e u ·a = 0 

o ~ a" ~a " > ..... til ~ 

1 Manikchak X X X X 

2 Domhat X X 

3 Aswinitola X X X X X 

4 Khaskol X X X X 

5 Sakullapur X X X 

6 Panchanandapur X X X X X X 

Source: Field Investigation (June, 2008) The symbol X is indicating entry of the fact. 

Such occurrences can have beeen validated on the basis of newspaper analysis 

(table 7.6). 

Table 7.6 Newspaper Analysis on socisl Disorderliness 

Incidence 
Date Type of action Description Loss pattern Remarks 

magnitude 

Forceful return of Sanction of23 crores Suspension of Capture of 9th Conduction of all 

~ Irrigation workers but conflict started Government Retired political party 
Q due to selection of meeting N money due to embankment and ...... area where Q indecision mass agitation s from the work will Very High 

start 

Agitation rally at Conflict between Stopping of stone Announcement of Requirement of 

Bangitola thikaders and collection for 8Kmlong mass 

8 villagers embankment protection compensation 
N 
l'i building work as 
c:\ government order 

Moderate 
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Mass violence, 12 40 crore of work 6 persons were kept Competition Probability of 

persons injured sanction, under police among the land postponement of 

and hospitalized at 10% of forceful custody, attack in owners and 9 lakh of rupees, 

Panchanandapur, brokemge or anticipation at the notorious arresting persons 

blood-conflict unauthoritative Alhaditola with extremist in extreme 

10 between villagers commission arms like sticks, 
groups regarding 

actions by 
Q bullets, bombs, Mothabari Police 
Q of Alhaditola collection 
N pistols etc. collection of Station. ,....; 
Q and Mistritola brokemge Q 
C"'l money where the 

bund 

repairing is going 
on. 

Very High 

Heavy erosion and On 11th March ~ an Mental agony of Demand for extra Need of 
isolation of 20,000 hour of violent victims and compensation allocation of 
victims from main westerlies resulted irreparable loss of money from 
land alongside the destruction of one and material articles, Government 
bank grocery goods, Moderate to high sector for road 

only roadway .14 public property loss building action 

10 
villages have been and mass agitation 

Q affected, for new road etc. Q 
M a tremendous erosion 
roi from last night 02 
M hours to 

morning 04 hours, 
about 100 m erosion, 
wiping out 

of25 shops, loss of6 
toe walls. 

Fear of flood Water height was Loss of earthen Steady mass Mass 
during high about 25 m and bund, Demand protest dissatisfaction 

10 erosion activity engulfed the villages for750mxl.5m of with quarrelsome versus 
Q 
Q embankment at Government 
M like situation 
cO Balutola,Gopalpur, Bangitola,Govt. action 
cO 
M could have Bangitola, Sakullapur 

completed only Very High 
etc. 

500mxl.5m 

Pimcy of river Loss of local Durga Loss of agricultural Moderate Need of 
Pagla in the grasp devi temple, produce, reconstruction of 
of River Settled areas etc. Bally bridge or 

10 Ganga,O. 75 hectare another roadway 
Q 
Q ofland loss at at M 

$ Nayabazar, Panchanandapur 
...; 

Panchanandapur Q 

Looting of Occurred at Bangitola Plundering resulted Mass protest Needof292 
tarpaulins Gram Panchayet, rooflessness of Tarpaulins and 

of erosion Relief 280 Trupaulins lost, destitute Moderate to Very 
supplied only 17 

:g looting in between 
Q High 
M Sakullapur and 
$ Bangitola by robbing ,....; ..... the tracker vehicle 

10 Mass fasting for Occurred in front of illness of the Moderate 
Q the demand of District protesting victims Q 
M relief articles $ Collectorate on 30th 

----..a----
orl September 
M 
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Forceful miscreants of Lingering of Moderate Close door 
plundering Gopalpur looted embankment meeting of the 

then Chief ofboatful the 14 boatful building and 
Minister and the boulders boulders , reformations 
Irrigation 

same incidence minister 

00 at Hukurnat tola 
a-

,notorious miscreants a-..... 
:£ came through 
M articulated boat N 

00 1. 5 month of loss Burst of 30KV Mental agony to Very High 
of electricity at transformer face dark nights a-

while persisting fear 
a-- North :£ 

Panchanandapur , of bank fall M 
N 

Snatching of Police control and Wastage of Recurrence of Over looting 
boulders security observation government money boulder looting means excessive 

demand of of boulder dumping resulting into 
boulder supply grounds wastage of crores 
which results into of money, 
ecological consequences of 
imbalances in 

over pressure of Rajmahal Hills 
govenunent with due course 
taxation as of time. 

00 

indirect in1pact of 
a-
a--

erosion and flood 
r.: 
Q 
...,r 
Q 

Very High 

Source: Rupantarer Pathe, Local News paper (Maida District) 

7.2 Loss of Land and Household Properties 

Loss of land property during the year of old and recent past exhibit a 

deliberately nature oriented scenario.Estimations say that the yearly loss of land in 

bank erosion was140.3 hectare (Sen,2010). From agricultural point of view rigorous 

bank wasting actually resulted unabated loss of fertile land affecting both the financial 

and social backbone of the affected areas. The following table will display such a 

situation in a more chronological fashion over years (table 7. 7). Till 1978 due to 

unavailability of comprehensive data regarding land loss on a per year order a gross 

figure is presented. The following table is showing the vigorous land loss with 

increasing agony of the farmers (Nandik, 1998). 
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1931-'78 14335 X X X X X X 

1979 60.00 X X 

1980 104.00 44.00 1.76 
1981 259.00 155.00 6.2 
1982 65.00 194.00 7.76 
1983 92.00 27.00 1.08 04.20 

1984 68.00 24.00 0.96 
1985 91.00 23.00 0.92 
1986 106.00 15.00 0.60 
1987 240.00 134.00 5.36 
1988 72.00 168.00 6.72 03.06 

1989 152.00 80.00 3.20 
1990 160.00 08.00 0.32 
1991 167.00 07.00 0.28 
1992 130.00 37.00 1.48 

03.51 
1993 145.00 15.00 0.60 
1994 160.00 15.00 0.60 

1995 145.00 15.00 0.60 

1996 310.00 165.00 6.60 
03.41 

1997 450.00 140.00 5.60 

1998 395.00 55.00 2.20 

1999 840.00 445.00 17.80 

2000 155.00 685.00 27.40 

2001 220.00 65.00 2.60 

2002 131.25 88.75 3.55 
159.49 

2003 184.30 53.05 2.12 

2004 NA* X X 

2005 NA X X 

2006 165.21 19.09 0.76 

Total 2676.89 

Source:Office of Executive Engineer, Department of Irrigation and Watenvays, Govt. of West 
Bengal,1999 (only the part of raw data),NandiK Oittle magazine),News Papers(Compiled table) 
(Note:From 1994 to 1999 the rate ofloss ofland has been increased very much and after 1999 
till date the land loss increment reached to a vigorous degree of 159.49 ha as 30 years 
average). 
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Figure 7.3Income (mo nthl y) of Inhab itants at Mani kchak: Before and a ft er Eros ion Conditi on 
(25 Households). 

In Manikchak income structure of the inhabitants before and after eros ion was really 

contras ting keeping in view that out of the 25 families(test sample) 50% have found 

with less than 45 % of income averagely. About 25% families are with 1/5 th of income 

presentl y compared to the earli er conditi on (F ig. 7.3 ). 

Source: Fie ld Data ;June,2008 . 

Index 

• After Eropsion 

Before Erosion 

Fig 7.4 Loss of Bigha of Land a t Mani kchak: Before and After Eros io n cond ition (25 Households) 
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In Manikchak the loss of land for the sample household units was about 637 Bigha 

and only 07 Bigha was found saved after 2002 erosion which inferences that 98.9 1% 

was lost and onl y 1.09% remained after erosion (Fig. 7.4 ). 
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Figu re7.5 Loss of Immovable Properties in Manikchak(25 Households). 

In Manikchak most of the families have lost about 20 Bi gha of land and few fami lies 

have lost about 140 of Bigha(s) inc luding sett lement plots, agricultural lands and 

orchards plus fisheries even. 
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Figure 7.6 Times of Shifting of settl emen t site (25 Households): Manikchak 
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20% of families have shifted thei r households fo r 05 times (Fig. 7.6) and 40% have 

shifted for 04 times and the rest have shifted for 02 to 03 times. 
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Figure7.7 Share of Homestead Land (B igha): Panchanandapur(25 Households). 

After erosion actuall y in Panchanandapur the share of Bigha of land reduced 

to an amount of only 5 Bigha or less than that.40% of famil ies have 4 to 5 

Bigha(s) of land. Only 12% of families have 25 to 30 Bi gha(s) of land 

(Fig. 7. 7). 
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Figure7.8 Producti on of Paddy Land before Eros ion: Panc hanandapur. 

Before erosion few famili es in Panchanandapur had 300 to 600 fe rtile land of paddy 

culti vation though 60% families had even a share of 50 to I 00 Bigha which totally 

became zero( Fig. 7.8) after 2002 post e ros ion situati on. 
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Figure 7.9 Share of Multi cropping Agricultural Land (B igha):Panchanandapur (25 Households). 

Same situation occurred in case of multi cropping agricultural lands (Fig. 7.9). The 

share of 800 Bigha(s) reached to zero share after serial wasting during 2002 post 

erosion situation. 
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Source: Field Data;June,2008. 

Figure 7.10 Land Occupancy: Before and After Erosion: Panchanandapur(25 Households). 

In case of land occupancy irrespective of almost all families the share is tending 

towards zero from average of 60 Bigha of share and the trend line is also identifying a 
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negative relationship in terms of land occupancy and holding capacity(Fig. 7.10 ). The 

occupancy trend line even reached to the negetive relationship. 

7.3 Problems and Rights ofRehabilitation 

The problem of erosion has also resulted into tremendous pressure of public 

demands regarding the unavailability of relief articles and the new sites for building 

the temporary huts, or small bamboo made quarters as the temporary sites for 

settlement. Many of the families from Manikchak, Panchanandapur, Domhat, 

Sukullapur, etc. have gone to the district headquarter i.e. Englishbazar, part of them 

have taken school grounds, another part of them have occupied embankment tops. 

The question of rehabilitation has resulted two aspects regarding temporary sites of 

settlement, one is purely temporary and relief based, other is temporary in terms of 

legal occupancy, and the third is temporary but legally settled i.e. identified sites by 

the government officials. To understand and estimate the situation, the case of the 

year 1998 and 1999 can be taken up for some selected blocks (table. 7.8). 

Table7.8 Flood and Erosion Damages during 1998 and 1999. 

1998 Situation 

Blocks Area Affected( sq. Affected Mfected Affected 
Km) Villages Population Families 

Kaliachakl 140.5 195 300000 60000 

Kaliachak II 209 399 173000 37000 

Kaliachak 127 219 214664 44000 
III 

Englishbazar 220 144 170000 34125 

Manikchak 230 99 140000 28000 

Total 926.50 1,056 9,97,664 2,03,125 

1999 Situation 

Blocks Area Affected( sq. Mfected Mfected Affected 
Km) Villages Population Families 

Kaliachakl 41 35 35000 7000 

Kaliachak II 08 62 22000 4025 

Kaliachak 125 65 50000 10000 
III 

Englishbazar 05 22 2000 2000 

Manikchak 120 413 128135 24290 

Total 299.00 597 2,37,135 47315 

Composite Figures ofboth 1998 and 1999 Situation 

Grand Total 1225.5 1,653 12,34,799 2,50,440 

Source: Uttarbanga Unnyan Parshad (North Bengal Development Authority),2000 
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On the basis of the above table it was accounted that the need of 2,50,440 families 

was not possible for the government to solve readily.On-field investigation during 

June 2005 revealed that for 50 number of families 30 did not have any holding land at 

the point of time, 16 family units have disrupted houses, and 04 have houses but at 

the mercy of the river i.e. at the closest of the bank. On that basis if we analyse the 

case of2,50,440 families it can be evident that ,the figure is 5,009 times (rounded) of 

50 which grossly means that 1,50,264 number of families have no houses at given 

point oftime (roughly), though chances of 10 to 20% being plus or minus from the 

computed above figure is possible.On-field survey resulted the following situation 

(table. 7. 9 ). 

Table7.9 Need based information at Panchanandapur on household Facility. 
(80 families) 

Type of Housing Facility No. of Families 

Thatched Roofing 30 

Tin Roofing and Tin Walls 21 

Earth and straw walls 13 

Can light lamp in the night(Yes/No) 36 

Not even indigenous kerosene lamp 44 

Enclosed and safe lavatory(Kuccha) 30 

Nearby drinking water source 10 

Common wall duplex type huts 2 

Bamboo rods with tarpaulin roofing 15 

Source: F1eld Investigation (Pagla ghat area, Panchanandapur) 

(Note: Number of families, is inclusive and exclusive purposefully) 

From the above table the degree of need can easily be estimated that how much it was 

pressing.In the following table the demand of houses for rehabilitation and search of 

new sites for houses has been presented in a year wise fashion (table. 7.10). 

Table7.10 Demand of houses for rehabilitation in Bank Erosion. 
*Cumulated figure up to 1996 

Sl No. Year People affected 

1 1979 340 

2 1980 552 

3 1981 1376 

4 1982 345 
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5 1983 489 

6 1984 361 

7 1985 843 

8 1986 563 

9 1987 1276 

10 1988 806 

11 1989 850 

12 1990 387 

13 1991 680 

14 1992 770 

15 1993 850 

16 1994 770 

17 1995 1647 

18 1996 50,000* 

Source: Department oflrrigation and Waterways, West Bengal,1999. 

According to the government records about 4.5 lakh people have become 

homeless destitute during the last three decades.22 mouzas ofManikchak, Kaliachak 

I, II and ill blocks have been abolished from the map of the district.16 mouzas of 

Bhutnichar have been destroyed and facing acute problems of rehabilitation. 

The rights of rehabilitation has been reserved in terms of their fundamental rights as a 

citizen in the Union Government System on l.Food, 2.Cloth, 3.Shelter and 4.security 

which has been culminated to minimum standards of life expectancy cum social Well 

being in terms of minimum attainment of 5.Health, 6.literacy and Education 

?.Sanitation and 8.Protection etc. Provisions of human rights Commission and 

Women rights at places and in cases also be considered which are situational and 

lawful. 

The constitution of India in its preamble reflects the resolve to secure to all its 

citizens, justice, social, economic and political; liberty of thought, expression, belief, 

faith and worship and equality of status and of opportunity. Among the fundamental 

rights guaranteed to all persons under part III of the Constitution are the rights of 

life(Article 21) and the right of equality(Article 14).These are subject to reasonable 

restrictions on the grounds of sovereignty and integrity of the country, security of the 
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state, public order, decency or mortality (Muralidhar. S, Delhi High Court). In the 

following parts of discussion some rights have been presented in the form of their 

types and grounds ofvalidation of the provisions of rights for disaster victims. 

7.3.1 Legal Aid 

In 1987 the enactment on Legal services Authorities Act (LSAA) was done. In this act 

expansive meaning to legal services was given. In LSAA's under section 12 the list of 

entitlement of categories of persons or victims are given who come automatically 

under legal aid without making any proof of list. It also includes a person under 

circumstances of unserved want. Such as being a victim of mass disaster, ethnic 

violence, caste atrocity, flood, erosion draught, earthquake, or industrial disaster. The 

LSAA has their legal aid institutions at the village, district and state level. At the local 

level the victims can sought their problems before the authority which comprises 

members of the judiciary and executive body. The right may confirm to the following 

situations. 

a) When no food to eat 

b) When no medicine to keep at least liveliness. 

c) Tremendous insanity in the contiguous ambient 

d) Caste and communal atrocity in distribution of relief articles. 

7 .3.2 Work Facility 

It is actually a DPSP (Directive Principle of State Policy) as per the Indian 

Constitution and actually not enforceable to the courts. According to Article 41 the 

state as per its economic capacity and development, will make supporting and 

effective provisions for securing the following activities 

a) Right to work 

b) To education 

c) To public assistance 

d) Old age sickness etc. 

The rights for Non-Discrimination (Article 14,Chapter III) and equality for 

opportunity in receiving of matters of public employment (Article 16) can be fitful to 

the erosion victims. Article 43 confirms the decent standard of life for all workers. The 

availability of NREGA 2005 (National Rural Employment Guarantee Act) can be a 

successful way out for workless able-bodied victims specially males with miseries. To 

realize the effectiveness of the right the following grounds are to be cleared. 
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a) Identi fication of poor households 

b) Roster sheets to prov ide at least one able-bodi ed member with I 00 days of work 

fac ility (preferenti all y durin g non-agricultural seasons) 

7.3.3 Shelter 

So far knowledge goes the c lear-cut recogniti on of ri ght to shelter is problematic in 

the Constituti on. But the judic iary recogni zes it in terms of forming part of art ic le 

2 1 itself. The Court has enfo rced no obligati on to settl e homeless destitute with 

minimum ho lding to reside. In case of Olga Tellis versus Bombay Muni cipal 

Corporation case High Court preserved the ri ght to life whi ch included the ri ght to 

li velihood .The ex pl anat ion was that if any slum dwe lle r is forced to deprived of his 

li velihood , it will fi nall y evict him or her fro m his or he r temporary dwelling place o r 

slum and ultimate ly a tantamount situation to sacrifice the ir li fe in deep miseries. For 

she lter capture of new Charl ands is a press ing need now (plate7 .2). 

Plate 7.2 Ne wly silting areas within channel and imprillls of human occupanc\'for occupancy of Land 
( I ,2,3,and 4 are the poin ts of occupancr ) 

The ri ght may conforms to the condit ion of the vic tims that 

a)When no roof over the head to be survived. 

b) W hen no way to earn li velihood 
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c) When forced by local and actual owner of land from new squatters of victim 

colonies have been set up i.e. the situation of any type offorceful eviction. 

The situation can be examined on the basis of reference of related cases decided till 

date. 

7 .3.4 Health 

Article 47 of DPSP provide for the duty of the state to improve public health and to 

the justice point of view from the part if the Court it is integral part of right to life. 

Though Supreme Court on its part does not set it as a fundamental right but paying of 

compensation towards the loss suffered by the government can be initiated. The right 

conforms on Identification and help or compensation level for the victims 

7.3.5 Food 

In India many drought and flood prone areas have received deep reactions in the 

courts regarding food. For instance the PIL case dealing with the death toll in 

starvation in few districts of Orissa can be exemplified. Supreme Court in 1989 

reacted to defer to the opinion of the executive Government and found it to be tackled 

effectively. During 1990s the NHRC (National Human Rights Commission) received 

some success to set the rights of the public to have food but it succeed in limited 

grounds. In April2001, PUCL (People Union for Civil Liberties) prayed to the Court 

requiring help when many states of the country faced second or third successive year 

of drought as recurrent misfortune. While having millions of tons food stocks, 

government failed to provide with the food stuffs to the victims even to be alive only. 

The result was that the old, disable, long starving, pregnant and lactating women, 

children etc.were· rescued by opening and reopening the regulated PDS (Public 

Distribution System) shops by eliminating the misfeasance of food distribution and 

states also asked for the identification ofBPL (below poverty line dwellers) families 

by the Court ofhonour. The fitfulness can be conformed of from situation to situation. 

The earlier decided cases with the court's order can be a useful tool in the following 

cases in favour of the flood and erosion victims. 

a) Awakening the CSG (Civil Society Groups) to carry campaigns for demand 

of food. 

b) Ordering the PDS and refinement of misfeasance in distribution of needful 

and minimum ration goods. 
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c) Pleading for joint or mass prosecution to fetch food and fuel (FFF) for the 

destitute through NGO s (Non Government Organizations) initiatives and civil 

movements. 

All these provisions should be practiced on condition bound situations and 

precisely abiding by the honour and apt use of the Constitution of the country. 

7.4 Issues on State Economy 

Issues resulted from unabated occurrences of bank erosion are as stated below. It has 

affected both the raw silk yarn production as well the mango cultivation of the 

district. The annual estimated production of raw silk yarn in this district is about 85% 

of the total output of the state, if taken in terms of money amounts to about 400 crores 

per year. Especially in the Diara blocks but continuous bank erosion has disrupted the 

famous areas of rearing of cocoons (silk insects) and production rate reduced to 72% 

by the end of 2000 year. 

About 45,000 acres of lands in Maida district are covered by mango orchards which, 

in normal years, breadfruit to the extent of 3,60,000 tones the value of which in 

money terms comes to about 5.5 crores of rupees during 1996, which reached to about 

3.2 crores at the end of 2002 leading to the explanation that loss of fertile orchards in 

the blocks ofDiara like Manikchak, Kaliachak and fewer parts ofEnglishbazar due to 

river shifting has resulted this. In the following table. 7.11 the reduction rate of mango 

production due to loss of lands has been presented. 

Table 7.11 Changes in Mango production in Maida. 

SI. No. Year Total Production(MT) Change (MT) 

1 1994 69,000 X 

2 1995 84,000 Positive 

3 1996 62,000 Negative 

4 1997 83,000 Positive 

5 1998 60,000 Negative 

Source: NandiK, District Volume-03, October, 2000. 
Maida is famous for mangoes ofGour, Pandua etc. The congeniality of Ganga 

silt over Diaralands resulted positive growth of mango cultivation over historical 

periods immemorial to till date in the district. In a survey it was found that Maida 

district receives about 49,150.38 acres of mango orchard lands, out of which 4 Police 

Stations ofBarind receive only 4,653.72 acres and Diaras had the lion share which is 

reducing day after day paving through the phases of erosion. 
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Most of the orchards are alongside the river banks like Ganga, Fulahar, 

Kalindri and Pagla. During 1958 there were 44,000 acres of mango lands in Malda 

which was about 80 acres during 1970s but a gross of 30, 00 acreage of loss has 

ultimately turned the figure to only 50,000 by the end of the year 1999. Durig 2000 

Kaliachak (I, II andiii) accounted for 6,311.35 acres of mango lands and Manikchak 

5,459.59 acres of mango lands. About 1,500 to 2,000 acres have lost in Manikchak 

during the phases of erosion. Manikchak in terms of share of mango land stands first 

in the district. 

In the following table. 7.12 the scenario of production of mango has been provided 

over years of flood and bank erosion to analyse how it resulted into monitory loss in 

final profit. 

Table 7.12 Production and monitory profit of mango cultivation in Maida. 

SI. Year of Flood Production Total Change Pattern Analysis and 
No. and Erosion (Quintal) Value(Rs.) Remarks 

I 1970 293085 23,44,680 Initial Year (1) 07 times of Loss 

2 1972 186319 1,49,05,020 High Positive has been observed 

Growth mainly from a 
havoc of erosion 

3 1973 178579 1,42,00,320 Almost same year to the 
4 1977 760350 6,08,28,000 Positive Growth immediately 

5 1978 291000 2,91,00,000 High Loss 
preceding Year 

6 1979 100000 1,00,000 Tremendous (2)05 times of Growth 
Loss have been observed 

7 1981 220000 2,75,00,000 Good Growth mainly following 

8 1982 180000 2,25,00,000 Moderate Loss one year of 
stabilization after 

9 1985 1112000 11,12,00,000 High Growth any Erosion or 

10 1986 236000 3,54,00,000 High Loss Flood year 

11 1987 1347840 13,47,84,000 Good Growth 

12 1988 312500 6,25,00,000 High Loss 
(3)Two times 

(about50%) 
remained almost 
same 

13 1991 1070000 6,25,00,000 Almost same (4)1979 and 1997 
14 1992 251605 5,06,20,000 Normal Loss Flood and Erosion 

15 1995 1225000 24,50,00,000 High Growth Year observed 
Tremendous Loss 

16 1997 100000 4,00,00,000 Tremendous for two times 
Loss 

Source: NandiK. District level, Volume-03, October, 2000 and District Agriculture Department, 2001. 

Regular loss of land with high frequency also affected the market valuation of 

land under some dominating category of land use in these areas . The computation 
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below will evident the significance of that on the social, financial and political fabric 

oflife of the residents. 

In the following paragraph the net average loss due to bank erosion and subsequent 

flood occurrences have been estimated below. 

Total area eroded away from 1980 to 1996 was estimated 2466 ha 

Area eroded during 1997 was 450.00 ha 

Area eroded during 1998 was 395.00 ha 

Area eroded during 1999 was 840.00 ha 

Area eroded during 2000was 15 5. 00 ha 

Area eroded during 2001 was 220.00 ha 

Area eroded during 2002 was 131.25 ha 

Area eroded during 1997 was 184.30ha 

Area eroded during 2006 was 165.21 ha 

On that basis it can be stated that the total loss of land during this period was 

5006.76 ha 

Thus the per year mean erosion is185.44 ha for a period of27 years. 

Estimation for 10 years can thus be said that 1854.36 ha or simply1854.00 ha 

According to the database the approximate share of land for different purposes were 

Homestead land------------320.00 ha 

Orchard land----------------320. 00 ha 

Agriculturalland-----------1278.00 ha 

Unused/waste land---------213.00 ha 

The total is 2131.00 ha 

Now to estimate the loss as per market valuation Homestead landreceives 4, 50,000Rs 

ha"1 

Orchard landreceives 2, 40,000Rs ha-1 

Agriculturallandreceives 2, 20,000Rs ha"1 

Waste landreceives 60,000Rs ha"1 

On that basis it can be calculated that: 

The valuation of property damaged for omestead land was 14, 40, OO,OOORs. 

The valuation of property damaged for Orchard land was 7, 68, OO,OOORs. 

The valuation of property damaged for Agricultural land was 28, 11, 60,000Rs. 

The valuation of property damaged for Waste land was 12, 78,000Rs. 
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The total is 50, 32, 38,000Rs. 

Thus the 27 year average loss is 1,86,38,444.44 Rs. year·1
. 

Now the need is to compute the difference between the public demand of money and 

the competency of the government officials. 

During 1998 District authority on flood requested to the Central study team an 

amount of 430, 73, 00,000 Rs. Now considering the calculated flood frequency in 

Malda , 8 times in 25 years; it can further be projected that annual Relief and 

restoration costing from Government calamity fund or through any collection agency 

is about to 430, 73, 00,000 Rs.x 8 times= 3445,84,00,000 Rs. It may be thought that 

the nature and magnitude of all floods is not same and as per the severity it may be 

required. Actually 1998 flood and erosion was a severe one. If at least halfthe 

amount of money is to be allocated it will be a huge pressure in annual budgetary 

allocation for any government i.e. about 15,00 crore of money in a country like India 

and state like West Bengal. The irony lies in the following table 7. 13. 

Table 7.13 Allocation of money for Flood and Erosion: Share of State and Central 
Governments. 

year Total State Central Remarks 
Expenditure(Rs.) Government Government 

Share (Crore Rs.) Share (Crore Rs.) 

1997-1998 28.40 7.10 21.30 0.25:0.75 

1998-1999 60.00 15.00 45.00 4:7.42 

1999-2000 50.50 12.62 37.88 0.25:0.75 

2000-2001 47.10 11.78 35.32 0.25:0.75 

Source: Ganga Bhangan: Maldaha basir ektijalonto Samassa' (Periodical,1996) 

If we take the case of 1998 the gap of need and supply was not at a 

comparable level, and not even enough to supply the food stuffs for subsistence only. 

In spite of this the allocation of money in the 1Oth Financial Commission by the 

Central Government was only 20 crore of rupees, where the need was for 1,500 crore 

of rupees. Thus the gap was about 1,480 crores of money and this is recurring 

immediately after any onset of flood and erosion and reduces little bit after every 

withdrawal of flood situation. 

Boulders have also played great role in the economic scenario of the district. 

Actually boulders are highly expensive at the different stages of the economic action. 

One lakh rupees is required to build up 1 m long spur.l3 crore rupees was sanctioned 

to reconstruct the 24 no. spur in 1998. During 1997 14 crore rupees was utilized to 
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prepare 11 submersible spurs at Akheriganj of Murshidabad district. A 100 m long 

spur desires 14,357 ton boulders proportion to the market value of about 5 crore of 

rupees. Reconstruction ofManikchak-Gopalpur embankment required about 25 crores 

of rupees. In 1998 the amount was sanctioned by the Government with contingency 

expenditures as additional support. During 19998-1999, 4.75 crores of rupees were 

allocated to call tender quotations of builders and promoters in this field. About 100 

small and medium promoters each fetched 3lakhs of work deal and lion share of the 

allocation reached to 14 major Promoting companies. Close on field examinations 

open the fact file that 70% of the material unloading of gunny bags, wire coils, 

boulders, cement bags, iron pegs etc. were done before and onset phases of monsoon 

seasons and the result was disappearance of the materials after rain withdrawal period 

with a blame that the river collapsed everything while the truth is far-off the reality. 

Gossips on scam and bribing even can be heard as a result of this natural cum social 

menace. In a purely village ambient it is really undesired which is equivalent to socio

cultural violence and provoking of newer village factions modulated by complex 

urban culture. 

Claims, demands and implementations - the trio in most cases is imbalanced. 

Keepingin view the excessive bank erosion of the River Ganga in Maida & 

Murshidabad, the Planning Commission had set up an expert Committee under the 

Chairmanship of the Member (River Management), Central Water Commission, 

which recommended long term and short term measures costing Rs. 927.00 crore, out 

of which short term measures cost Rs. 315.00 crore and long term measures cost Rs. 

612.00 crore. As suggested by the expert Committee, the Farakka Barrage Project 

Authority has prepared an estimate amounting toRs. 160.84 crore for the work "Anti 

Erosion, flood protection and river training measures" and submitted it to the Ministry 

ofWater Resources subject to approval and execution. 

An amount ofRs. 19.68 crore has been approved by the Ministry for undertaking the 

following schemes: 

i) Anti Erosion, Flood protection and River Training measures. 

ii) Special repair works of the existing assets/ structures. 

Dispute was in perfect planning, honest responsibility for the utilization of the 

resources and money, timely action, stopping wastage of careless procurement of 

materials etc., unavailability of which actually make all the government policies futile 
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at last. Both the Pritam Singh and the Keshkar commities though advised ways but the 

plan towards implementation was not properly executed. 

In 1980 Pritam Singh Committee was set up and it suggested sanction of 294 

crores of rupees. Seeing the severity another Committee was also set up in 1996 

known as Keskar Committee of927.00 crore, as stated above. But the irony was what 

the initiation of such huge money realized as a futile decision later having no 

restriction against the river morphometry. 

An amount of Rs. 19.68 crore was approved by the Ministry for undertaking the 

following schemes: 

i) Anti Erosion, Flood protection and River Training measures. 

ii) Special repair works of the existing assets/ structures which have the proposed 

action to be taken up was 946.68 crores. 

iii) On the other hand bank erosion also exerted over pressure on the local 

economy of the district to supply the rehabilitation articles. To make out the 

situation few observations of the 1996, 1997 and 1998 Erosion situation is being 

presented below: 

• Agricultural Crop Damaged: Rs.l0767.43 Lakh 
• Sericulture Damages:Rs.l0.50 crores 
• Houses damaged:Rs.550.0 Lakh (Maida Dist. Committee 

L.F;dated20.04.2000) 
• Contingency allotted:Rs.3,60,000 
• Contingency spent:Rs.4,00,000 
• Relief measures taken: 

~ Tarpaulin:3,400 pieces 
~ Chira:202 Quintals 
~ Jagger:40.40 Quintals 
~ Dhuti,Sari,Lungi etc:I950 pieces 

• Total contingency spent was about Rs. 80,000 
• Input loan to farmers after 1998 Flood and severe situation: 

~ Kharif/Rabi cultivation:Rs.l5 lakh 
~ Summer paddyNegetables:Rs.20 lakh 

• Storage of articles in 1998-1999 flood amounted to: 
~ Kalai@3 kg kit-1:Rs.40,000 
~ Mustard@ I kg kit_I:Rs.40,000 
~ Wheat@ IS kg kit_I:Rs.30,000 
~ Potato@l5 kg kit-1:Rs.l5,000 

Vegetables@40 kg kit-1 :Rs.l 0, 000 

Source: Flood Preparedness and Contingency Plan, 1998, District Malda, Govt. of West Bengal. 
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From the above observations it is evident that how the frequent occurrences of 

serial years of flood and bank erosion resulted uncontrolled expenditure of money, 

which actually can be attributed to the backwardness of economic backbone of the 

district. During only in 1998 flood the estimated allocation of money for preservation 

of large and small animal was about 21 and 18 lakh of rupees respectively. For 

transportation of relief, travelling charges and for office contingency about 1. 51, 1. 5, 

and 1. 01 lakh of rupees were allocated for further expenditure. 

On the other hand erosion scenario in Maida has affected the economy mostly 

through the making of the embankments and spurs. It has normally incurred lakh and 

crores of money. The following table. 7.14 as example to evident the situation, the 

original figures has been rounded off to idealize the overall situation. The central 

theme of the following table is to estimate the structural and architectural bunds 

which have been engulfed or destroyed time to time. Cost of the schemes executed up 

to 2002 which have been already engulfed by the River Ganga. 

Table 7.14 Accounting of six years of expenditure on Structural measures executed .. 

Sl. Architectural Item Approximate Value 
No. (Lakh of Rs. *) 
01 24 no. spur (came into action in 1996) 35.00 

02 24 no. spur and Construction of stn Retired embankment 720.00 

03 Restoration of 24 no. spur and bank protection work 420.00 
At Manikchak and Kaliachak(1998) 

04 P.S Kaliachak, new spur building(01 in number)(1999) 800.00 
Partly completed 

OS Spur no. 20 and 1 0( executed prior to 1990) 30.00 

06 Spur no. 20 and IO(executed prior to 1991) 25.00 

07 Strengthening of spur no. 20,18 and I 0 390.00 
executed during 1992~ 1995) 

08 Restoration of spur no. 1 0( executed in 1990) 25.00 

09 Strengthening of spur no. 20, 1 0( executed prior to 1998) 90.00 

10 Construction of 6th Retired embankment and 1300.00 
strengthening of 
Spur no. 20((executed prior to 1999) 

11 Bank Protection work over (jth Retired embankment at 550.00 
Khaskol and Daulat Tola in P.S Manikchak and 
Enlishbazar( executed in 2000) 

12 Strengthening of spur no.19 on the left bank of river 50.00 
Ganga upstream of the Farakka Barrage in Kaliachak 
Police Station( executed in 2000) 
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13 Restoration of spur no. 20 and on the left bank of river 180.00 
Ganga upstream of Farakka Barrage, Police Station 
Kaliachak( executed in 2000) 

14 Construction of 7rn Retired embankment on the left bank 910.00 
of river Ganga upstream of Farakka Barrage, Police 
Station: Enlishbazar, Kaliachak( executed in 2000} 

15 Construction of grn Retired embankment on the left bank 535.00 
of river Ganga upstream of Farakka Barrage, Police 
Station: Enlishbazar, Kaliachak(executed in 2001) 

16 Remodeling of marginal embankment(Bull-Headed D) 590.00 

17 Protection of spur no.18 m Police Station 190.00 
Kaliachak( executed in 2001) 

18 Protection over 8th Retired Embankment(1.5 Km)from 750.00 
Panchanandapur Tagging point, Police Station: 
Kaliachak( executed in 2000) 
Total money utilized for 06 years 7,590.00 

Source: I and W Department, Govt. ofW.B.,2004 

*:The figures ofLakh ofRs. have been approximated and simplified to the closest round figure (both 

positive and negative). 

On the basis of the above table it is evident that for a six year of assessment 

about 7,600 Lakh of rupees have been utilized without any recurring result now -a

days or little merit of those measures are being realized which will not be surely 

available in near future. 

Thus the problem is directly associated with the economic structure of the district and 

not only that rather, it has affected the country's economy to an enormous extent. 

7.5 Inter-State Border Problem 

Course change of Ganga has created conflict between West Bengal and 

Jharkhand (the then Bihar) governments. The problem can be easily and vividly 

understood in terms of the charlands study. The analysis is carried out in case of part 

of Kaliachak block of Maida district in West Bengal. The block receives 21 mouzas 

out of which the case is of few mouzas, which have emerged from water (realluvial) 

in the last 10 years. There are three mouzas i.e. Rezakpur, Kamaluddinpur and 

Daridiar Jhaubona which are completely under water and another six mouzas namely 

Mahadevpur, Jot Kasturi, Sakullapur, Birodhi and Panchanandapur are partially 

(major portion) under water and small parts in the mainland (table. 7.15). 

Table 7.15 List of affected Mouzas with their area and population in Maida District. 
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SL Existing 
Danger Danger Danger Population 

No Area Total Ievell level2 level3 of Identity 
Mouza(s) (ba) Population Status Crisis 

1 Realluviated X Acute 
Palashgachhi 594 13832 (F"') 

2 Piarpur 551 12802 Realluviated (F) X Acute 
3 K. Jhaubona 2739 5604 Realluviated (F) X Acute 
4 Rezakpur 51 0 inundated X Acute 
5 Kamaluddinpur 176 0 inundated X Acute 
6 D. Jhaubona 211 0 inundated X Acute 
7 Mahadebpur 535 1340 Engulfed(P) X 

8 Jotkasturi 288 4491 Engulfed(P) X 

9 Shukurullapur 119 2282 Engulfed(P) X 

10 Birodhi 100 6579 Engulfed(P) X 

11 Panchanandapur 2302 21017 Engulfed(P) X 

12 Darijayrampur 111 0 Reclaimed X 

13 Daskathia 56 0 Reclaimed X 

14 Islampur 122 0 Reclaimed X 

15 Hamidpur 1364 5611 Reclaimed X 

16 Nityanandapur 354 560 Realluviated (F) X 
17 Jitnagar 399 0 Realluviated(F) X 
18 Paranpur 1033 8867 Realluviated (F) X 
19 Ratanlalpur 85 604 Realluviated(F) X 
20 Shrighar 926 3801 Realluviated(F) X 
21 Kachi jadupur 75 1254 Realluviated(F) X 
22 Begamganj 219 293 Realluviated (F) X 
23 Hakimabad 62 8 Realluviated (F) X 
24 Mangatpur 120 71 Realluviate (F) X 
25 Hossenabad 290 692 Realluviated (F) X 
26 Dogachhi 476 0 Realluviated (F)_ X 
27 Gaziapara 466 0 Realluviated (F) X 

28 Char Babupur 513 178 Realluviated(F) X 

29 Nayagram 1023 6148 Realluviated (F) X 

30 Shripur 81 2736 Realluviated(F) X 

Total 14295 72136 
Source: Primary Census Abstract, Vol. 7, Census oflndia, 2001. D.L.L.R.O (Maida). 

Note: (1): F*: Fully*\ P*: Partly, x: symbol of entry for a cell or small box 

(2): Danger level I, 2, and 3 have been selected on the basis of magnitude of severity of human 

impact 

The problem from the historical times had been forced by the political agreements 

based on the volatile course change of the river Ganga and subsequent changes in 

boundary for several times as mentioned below: 

• District was formed in 1813 with 8 thanas taking 4 police stationsfrom Purnea, 

two from Dinajpur and 2 from Rajshahi. 

• Maida district was included in Bhagalpur division til11859. 

• Some villages of Malda district lying south of the Ganges were attached to 

Murshidabad in 1875.(Riverine Reasoning) 

• From 1859 AD to 1876 AD Malda was part ofRajshahi division. 

• 1876 AD-1905 AD Malda was again part ofBhagalpur division. 
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rearrangement for rectification of the boundary was neither given time specific 

priority nor accented with deep concern. 

It has been heard that, the unabated encroachment of the charlands on the right 

bank of the river by Mafias, miscreants, notorious snatchers has resulted loss of 

possession of emerged land even by the real looser cum disaster victims which 

ultimately has posed the problem of inter-state boundary between Bihar and West 

Bengal. Even when they are in view to capture their possible proportional land on the 

stable bank side areas, they have to anticipate threatening from the unauthorized capture 

groups. Actually in British India when the population was negligible, the course change 

of Ganga was not a mere question of any uncontrolled hazard as these lands had little 

market valuation plus agricultural potentiality and was accepted as borderline between 

the districts of Santhal Parganas of Bihar and Maida of Bengal beyond any such 

problem. Actually population growth has resulted into an accelerated and problematic 

situation. The Survey ofindia map published in 1975 based on 1970-71 survey was 

found with a valuable footnote as given below, "Owing to changes in the course of 

Ganga River, the state boundary between Bihar and West Bengal and the district 

boundary between Maida and Murshidabad should not be accepted as authoritative. " 

The problem was raised in the Ganga Erosion Committee (Singh et al, 1980, Rudra, 

2002 and Anwaruzzaman, 2007).The representative ofBihar in that Committee strongly 

opposed the proposal of construction of two long spurs near Manikchak Ghat of Maida 

to deflect the impinging flow attacks to the opposite bank. The notion as a defender of 

his own state behind the opposition was that it could have likely to deflect impinging 

flow attacks on the west bank (Rajmahal side) and there was possible propensity of 

erosion along the said bank (Anwaruzzaman, 2007). The reaction of the then Director 

(Survey of India), Eastern Circle was to mediate the situation so tactfully keeping in 

view the changing situation of both the state sentiments. He opined that, 'The boundary 

in this portion of the Ganga follows the deep water channel and varies as the course of 

the deep water channel changes. "Again no clear cut idea was forwarded to add 

something positive to the fate of the disaster refugees .It is interesting to point out that 

the foot note is surprisingly in contravention with the earlier note of the Survey oflndia 

expressed in the map 72P/13 published in 1975.It can be assumed that there was some 

understanding gap, as the territorial boundary of West Bengal demarcated during the 

reshaping of the Indian states after independence mainly on language basis, there would 
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be any ambiguity to understand again any other physical demarcation line river course 

as a linear aspect. This actually proves the improper linkage between constitutional 

provisions and approaches taken by SOl. Moreover, the state reorganization 

commission (Fazal Ali Commission) has delineated boundaries between these two states 

during 1950s and onwards. The then eastern chief officer of Survey of India Cornell 

Sarin in the ongoing Pritam Sing Committee raised his voice with the following 

statement that "The boundary between Bihar and West Bengal in this reach is under 

dispute. "After that two decades have elapsed since the Pritam Singh Committee 

submitted its report, the problem remains unresolved. Meanwhile about 50,000 

populations have temporarily settled on the Bihar side bank having unauthoritative 

identity. Interestingly the district map ofMalda published in 1994 by SOl depicted the . 

border as unauthenticated. The procedure to fix and reconstruct international boundary is 

something different. During 1948 the A/got Bagge Commission inferred that "After 

taking into consideration all relevant questions, the award was declared making the 

boundary in this area fixed At the time of making award, mid-stream of the river 

Ganges from a point little below Farakka to the point where Mathabhanga takes off 

from the river Ganges was taken to be the boundary between Murshidabad and 

Rajshahi. It was declared that irrespective of the changes of the course of the river the 

boundary should remain fixed 

With the passage of time these islanders are being distinctive in existence and 

mental alienation of the questioned population is making them mentally distant from 

their motherland as many of them are in search of new rationing of Jharkhand state. 

The alliance of such disenchanted people in terms of brotherhood and matrimonial 

relations can be a reason of loss of good cultivators' democratic supporters, and 

citizen of the state and that ultimately will affect the strength of human resource of the 

state. The initiative of district administration is not even satisfactory except campaign 

to request them to return back to the rehabilitation quarters within the district. The last 

attempt on the part ofWest Bengal Government was to conduct census survey in 2001 

at fewer location of the islands without which no avowedly formed team work made 

them rescued. Presently the residents are neither the subject of West Bengal nor the 

subject of Jharkhand. These nowhere destitute have been termed as 'Neo-Refugee' in 

their own homeland. Now major parts of the islands are physically connected to the 

Udhua C. D. Block of Jharkhand (Sahebganj district). Any delayed reorganization of 
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these areas will also pose political protests associated with provoking agencies of 

vested interests(table7.16). The man-Land ratio of these indecision- population has 

been set-up at various danger levels as mentioned below: 

Table 7.16 Man-Land Ratio of'indecision population' ofCharlands. 

Danger Level Total area Total Ratio Explanation 
category affected Population 1:1 for danger Levels 

(ha) affected standard 

Realluviated (Fully), areas have 
Danger Level 438 36427 0.01 been appeared after phases of 
1 Low inundation but in high demand 

though not claimed or captured. 

Danger Level 0.33 Engulfed(Partly),continuously 

2 
11659 35709 

moderate 
loosing and to be waiting for 
reappearance 

Danger Level 0.60 Inundated, most helpless victims 
3344 5604 having acute scarcity of shelter, 

3 High 
normally the 'man of nowhere' 

Source: Analysis of census Abstract, 2001. 

On the basis of the above table the victims in the danger level 3 are in high magnitude 

in terms of ratio than danger level 2 and 3. 

Conclusion 

Still the problem is lying with the social framework of the affected areas ofDiara and 

is increasing day by day towards more vigorous situations and future projection is 

really not very secured as there is serious possibility of the victim community to be 

redefined after any further inter-state resettlement of territory owing to be held. The 

most vulnerable situation was noticed during 1999-2000, 2000-2001, 2001-2002, 

2002-2003, 2003-2004 and the moderate intensity during 2005-2006 and 2006-2007. 

After 2007 the most seriously affected area i.e. Panchanandapur was found more or 

less unaffected and presently the channel at this bank is retreating keeping abandoned 

loop channels. Actually aesthetic loss assesments in terms of macro scale is needed to 

clarify and establish the losses of the destitutes. 
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CHAPTER - VIII 

Proposed Remedial Measures 

To be specific the Background storyline should firstly be discussed.Before 

1970 no remarkable constructive action was taken so far to protect the bank line from 

erosion both downstream and upstream of Farakka Barrage. In 1970 at Toffi 730 m 

long bank line was wounded. In 1971 near Charbabupur 1,310m and in 1972, 549 m 

near Panchanandapur was seriously affected. Up to 1972 about 1,800 acre land was 

lost and till the end of 1973 the figure reached to about 2,320 acre. Taking into 

consideration the ruthless protest of Bihar Government to keep safe the Gomani-bund 

Project finally the Pritam Singh committee was held to take initiatives for further 

monitoring by CWPRS, Pune to find out ways of rightly train the river. Even 

preparations were taken up for Pilot channel but adjourned during late 1983 keeping 

in view the possibility of two situations, one is, due to very low slope of the country 

surface especially in the wet season when a bankfull flow of 8-10 lakh cusec could 

enough to silt up the pilot passage and second is, such situation which will then lead 

to massive deluge of man made reason. Ultimately "sidewalled Guide Embankment" 

to Protect spur 01 & 02 for the FBP was taken up and downstream ofFarakka Barrage 

94 km length of Revetment and falling apron was also considered with high priority. 

Actually from Maharajpur to Rajmahal the deep channel water line is taking 

almost a straight right bank while from Manikchak it turns to a meander.Seeing this 

circumstance CWPRS, Pune suggested the following. 

(i) Towards downstream ofFarakka in 1972 along the left bank 350 sq. Km area 

was survived through marginal embankment and for which initiatives made 

for marginal embankments guided by retired embankments. 

(ii) Carry out proposals for desiltation techniques. 

(iii)In the north Bhutni-Diara the intermediate part of Ganga-Fulahar connection 

known as Koshi was advised to dig to lift out age old sediments. It was to 

regulate surplus water to Fulahar and ultimately divert the deep water line 

from left bank of main Ganga Channel. On the other hand it will bring water 

to Kalindri and through Kalindri feeding ofMahananda will be done. The net 

result would be removal of pressure of water in Ganga consequent upon less 
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pressure on the marginal embankment. But the question was about the 

competency of river Kalindri which was not very able to hold the high 

discharge from Fulahar and Koshi. For which ultimately the prospect of the 

proposal was found futile. 

Actually till the middle of the 1980s the works taken so far was of two types (a) 

Short term and (b) long term considering the expenditure of Lakh of rupees shared by 

two districts, Maida and Murshidabad and building up of following spurs (i) long 

spurs and (ii) Transverse spurs to deflect the deep channel water. Similarly as 

continuous bank line protection two types of embankments locally called bunds were 

set up-(a) Marginal embankments & (b) Retired embankment. Marginal 

embankments are attached to the banks with stone pitched slope sides and the off 

bank guide walls were termed as Retired embankment. 

After in-depth study on various aspects of river bank character and the erosion 

affected ambient, the following measures either single or in combination can be 

prioritized from area to area and from case to case. 

8.1. Future River Training Works 

A pilot channel through the middle of Bhutni char following a North-South 

diameter wise path can be made.Justification of the proposal is to reduce the meander 

curvature of the river. The discharge of Pilot channel will be pouring into the right and 

the central channel of Ganga.Consequently the right and central channel will 

automatically be desilted up and will be washed out through downward water pressure 

and will be debouched into the Farakka point. The main aim is to reduce down the 

oblique flow of the river. 

Other parallel pilot channels of almost same pattern may also be cut. 

Simultaneously, regular monitoring gauge stations along the pilot channels across the 

charlands may also be set up, specially for lifting out the unwanted silts in the pilot 

channels and recommendations can thus be done by hydrologists to open or close the 

regulator or sluices over the artificial pilot channels from time to time considering the 

discharge level of the water in the channels specially in the wet seasons of unabated 

rams. 
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8.2. Flow Diversion 

Since the conventional methods of training Ganga River near Farakk:a Barrage 

has been found to be mostly ineffective over the last 30 years and the river is 

continuously in its action. Two types of diversions can be taken up. 

8.2.1. Inter-basin Flow diversion 

It has been observed that upto a flow of about 2,800 cumec (Approximately 10 

lakh cusec) the river banks remain stable.It is therefore, prudent to divert excess flow 

(above 2,800 cumec) through diversion channels upstream of Farakka Barrage 

(Mazumder,2001). Existing streams i.e. Kalindri, Bhagirathi, Pagla and Mahananda 

may be utilized for carrying the excess flow through angular and perpendicular pilot 

links between and among the natural rivers keeping in view the following aspects (i) 

Maintenance of general flow of the rivers (ii) Regular dredging of the rivers to keep 

the maximum available cross section area for excess holding capacity of water. (iii) 

Strict regulations regarding prohibition of anthropogenic waste outs through 

sewerages to the rivers like Bhagirathi and Pagla.(iv) Maintenance of down slope 

graded channel bed of the rivers in a hierarchical orderliness i.e. more deeper channel 

bed for higher order rivers and lesser the channel bed for lower order rivers. 

8.2.2 Intra-basin Flow Diversion 

Earlier the main channel of Ganga used to flow through the Fulahar Branch 

(east ofBhutni Diara) and the course was more or less straight before 1930s, but now 

most of the flow of the river is along the west of Bhutni and turning to the main 

channel of the river following a semi-circular bend(Mazumder,2001). The need is to 

divert the flow through Fulahar and Koshi and send to the Mahananda system by 

channelized passage course. The right channel of Ganga is though viable to some 

extent for the purposes of course diversion but at an experimental level the dredging 

of the entry point was found futile(table. 8.1). History of spill channels of the Ganga 

(Nadia Rivers) show that repeated attempts to rejuvenate the spills by excavating only 

the offtakes did not succeed. Close examination of the right channel displays that the 

channel is full of distributed shallows which are the man impediments against the 

flow. Disposal of one shallow impediment is worth to about 200 crores which is not 

viable at an economic point of view. The need is to plan for some passage 

outlets(Fig.8.1). 
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88° OO' E 

-
The line is showing some inter basin 
possible cuts to transfer channel water 

88° OO' E 

Figure 8.1 Needful passage outl ets to lessen water head press ure within the channel fo r Future Ri ver 
Training works 

Table 8.1Capacity- Cost features of Dredgers . 

(a) Capability: 3 million cubic m of sand to be dredged 

(b) Deployment: 3 dredgers working at a time 

(c) Per dredger capacity: I million cubic m per year 

(d) Need of each dredger: 250 days per year 

(e) Associative dev ices: pipelines , boosters 

(f) Added faci liti es: spoil Ground 

(g) Success Indicator: 3 million cubic m per year 

(h) Expenditure: 60 crore Rs. per year 

(i) Hydrographic and land survey: 0.20 crore Rs. 

25° OO'N 



G) Miscellaneous expenditure: 2.00 crore Rs. 

(k) Contingency@5%: about 3.00 crore Rs. 

(1) Overhead charges@ 20%: about 12.00 crore Rs. 

(m) Grand total: 77.75 crore Rs. I year 

( o) 3 years of consecutive allocation will be charging about 234 crore ofRs. 

Source: I&W, W.B., 2004 and other literatures studied(Figures simplified). 
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Actually Inland River dredging is rare in this part ofthe country. The available 

dredgers cut its own flotation, operate at small depths and need to be transported. The 

famous one is the non-propelled cutter suction dredger. The normal dredgers available 

can cut 300-350 cubic m capacity for a year having floatation of 1.0-1.5m & 7-8 m 

depth. The maximum annual capacity is about to 0.9x106-1.05x106 cubic m of solid 

per year. Now to do with these dredgers is needed to have number of dredgers and 

years of operations of dredging. 

Steady development of refilling chars is a general situation for each of the 

years. On the other hand the dry season flow through the right channel is very scanty 

and hence the velocity generated is not ready for bank full entrainment. Thus 

regulator channel from main eastern branch with necessary sluices may solve the 

problem of extra water to the right channel. For this real world situation, only months 

of dry season from March to May unimpeded dredging is possible. The channel may 

be trimmed both in respect of depth and width by dredgers joined with electric 

generators. The need is to set up a small capacity (40-60kw) hydro-electric power 

station through artificial and architectural rapids of the western channel interlinked by 

pilot passage from the main channel. This will ultimately improve the hydraulic 

efficiency of the channel to some extent, including huge discharge during the freshet 

season which will finally develop some self-washing mechanism. There can be at 

least a plan schedule of the following type: 10 days of February, 31 days ofMarch, 30 

days of April, 15 days of May with continuous 8-12 hours and 16 days with double 

hours (16-24 hours) which will be equivalent to 32 days meaning thereby a total of 47 

days, 15 days of June before the onset of monsoon, 31days of October, 30 days of 

November, 31 of December and 30 of January with recession of up to 19th of 

February i.e. a grand total of 243 days and additional double hours of 17 days in 

March and April, may reach the figure to be 260 days which will cover up the final 

goal. 
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The deployment mechanism is also very much important. Before deployment 

both the right and western one should be trimmed for 03 years keeping priority to the 

right channel.Uniform trimming will be more important for the steady down slope 

graded wash out of discharge without any silt trapper. Lesser silt traps in the freshet 

months. The deployment of single cutter suction dredger which capacitates to about 

1.00 million cubic m per year will be able to dredge out within a gap of 3Y2 years. 

Such suction cutter is joined with tugs to move from place to places around. To cover 

up the total of 16.5 km of the channel, deployment of 03 dredgers for tenure of 01 

year and total of 03 years plus one year additional is highly needed. Deployment 

places for the plan of04 years can be like this as below(table.8.2): 

Table 8.2 Plan of deployment of Dredgers in a year. 

Phase 
Year Points/Sites 

I Off lnter~nediate(2) Middle lnter~nediate( 4) Out 
take(l) of{l) & (3) (3) of (3) of (5) fall (5) 

1st ..J X ..J X ..J 
2

nd X ..J X ..J X 
3rd ..J X X X ..J 
4th ..J ..J ..J X ..J 

1st 6 moths 
..J X X X ..J 

Phase (former) 
n 

2
nd 6 months 

X ..J ..J X X 
(later) 

2nd ..J ..J ..J ..J ..J 
Phase 

Need based dredging at places required 
(lll) 

Source: Compiled Data. 

Now the question IS, what actually is the justification of the point Wise 

deployment of dredging units for specific years. In the first year if the entry or off 

take and the out fall point is washed out, then it will allow to ready wash out of the 

intermediate part. In the immediate next year 3 spots have stopped in a view to 

minimize the expenditure of deployment and power supply, only the second 

intermediate point is under treatment to wipe out the far off downstream silts. In the 

third year the main impetus is to keep both the intake and outfall points clear, so that 

make a steady flow through the channel and natural washout of silts. The fourth year 

is for continuous dreading to reduce of silts for the last two years deposited so far. If a 

repetition of Phase I taken for once again it will be surely helpful. The second Phase 

is consisting oftwo sub phases each of6 months over two spots especially to wipe out 
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the newer impediments of sedimentation. The plan form of the channe l shows 

pronounced sinuos ity. The locati on of the shall ows accompanied by the disposal 

grounds have to be selected. The location of shallows may be named as I, II , III & IV 

and can be set at s ites (as per above table 8.2). 

N~ 

• 
/ 
/ 

Km 

Based on Satellite Image .2003(November) 

Figure8.2 Location of Disposal Grounds I & II of Ri ght Channel 

0 Dredging Control Point 

"--.. 

~l~ht 
• 

Based on Sate llite Image .2003(Nove mber) 

2 

Km 

••• ---I"'M!.M t: 

Figure8.3 Location of Disposal Grounds III & IV of Ri ght Channel 
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The next important prerequisite is to carry out hydrographic survey after the 

abatement of every rainy season of bankfull river regime and following up re

appropriation of the placement of the dredgers. One important necessity is to locate 

the newer units at the off take and the outfall points. Disposition of the slurry is very 

much important through offsite delivery pipelines to a distance of at least 600m 

(approximately) by the self generated power booster lines through piping with offsite 

delivery lines is an added advantage. Associative floating pontoons and boosters at 

best 5 to 1 Okm distance can be thrown from the dredger. The ground elevation of the 

in-channel char lands is about 24- 25 m(average) G.T.S and actually obstructions 

offered by the reeds retards the flood and flush water impinge velocities. So, the top 

of the reed plants can be used as silt trap aggrading year after year. On the basis of 

this consideration an average distance of about 2 km from nearest bank of the right 

channel is highly essential. 

8.3. Dredging of Sediment on the right char bank 

Sediments deposited along the right char bank of the main channel can be 

lifted out from time to time at places of high impinge flow attacks. Firstly the need is 

to identify the selected nodes/points and identification of diametrically opposite 

locations for dredging works. Justification of such proposal is to divert the secondary 

helical flows to the right bank and withdrawal or minimum attack of such secondary 

current along the left bank. In the second phase of such work execution of same action 

can be taken up at up and down nodes/ points located along the bank line and the 

earlier nodes then will be left over to river dynamics. A total of five phase course of 

such work will ultimately allow as natural river action as well as technological 

interference and the result will be averagely safeguard oriented execution along the 

bank. The silted up right char bank creates obstruction to the secondary whirl of flow 

and for which it attacks the left bank having been turned up contrary to this, if the 

right bank is properly dredged, such attacks will be strongly faced by the right bank 

and comparatively lower the power of whirl of flow will be turned back to the left 

bank leading thereby lesser the degree of bank slumping. 

A proper work plan (Phase wise) for a schedule of one year each of one phase 

can be taken up during a first priority work plan. In the second priority plan, time 
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schedule can be changed tak ing into considerati on the degree of eros ion and its 

variation during the earlier and the fo llowing pri ority phase(s). 

8.4. Usefulness of curved submerged vanes 

Submerged vanes have been successfully used (Odgard , 1983, 1991) in 

contro lling eros ion of outer bank in meandering ri vers. Placed at an ang le varying 

from 15° to 25° with the mean fl ow, these inc lined vanes w ith their pressure 

(stagnating) side towards the outer bank of meander and their suctio n s ide towards the 

inner bank neutralize the secondary current responsible for eros ion of bed and bank 

on the outer side of the channe l (Odgard, Kennedy, 1983) . With these vanes in 

pos ition, the water and sediments tend to move as they do in a straight channe l since 

the secondary currents are opposed by the vanes(Fig.8.2,a &b) . 

The needful parts and tools essentia l fo r the preparati on of such vanes are-

(i) Steel sheet piles 

(ii ) RCC pane ls 

(iii ) W ooden pl anks 

The above mentioned dev ices have been successfull y used in some rivers in USA for 

contro lling eros ion and discouraging siltation of ri ver bed fro m outer to inne r bank in 

typical meanders. 

Outer Bank 
of submerged ranes 

luerBa.nk 

(b ) 

(a) After Mazumder,S.K;December200l (Delhi College of Engineering) 

Figure 8.4 (a) and (b) Subme rsib le sucti on Vanes and their possible locati on along bank line. 
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8.5. Strengthening the River Bank . 

One of the primary reasons for erosion of the Ganga bank is the existing bank 

soil condition. The left bank of Ganga is composed of very loosely textured alluvial 

soil with predominance of silt. The shear strength is always lesser than the safety 

factor of the bank amounting to only 26%. The strength can be improved artificially 

though ground improvement using admixtures, Geo-textiles, Geo-jutting etc. Suitable 

revetments placed on properly sloped bed can also be used in addition to the 

strengthening of embankment soil. Impermeable spurs may be replaced with either 

permeable bamboo spurs or dagger type stone spurs. Retention and steeped walls with 

wipe holes can be rimed against stone pitching. 

The internationally renowned institutions have discovered the use of 

GEOTEX tubes and GEOFABRICS, but these techniques have not very successfully 

used in case of rivers like Ganga and very rare examples of such type can be cited 

easily. The Port Trust of India very recently has used such techniques in case of the 

river Hugli and Rupnarayan. Three types of erosion are controlled by the application 

of Geo-synthetics-(a)Soil erosion over grounds (b) Soil erosion along the slopes of 

embankments (c) Soil erosion on river banks. 

Geo-synthetics made up of natural fibers like jute and I or synthetic gunny 

bags can help in the growth of grasses and impedes raindrop splashing and confine the 

soils within their fabric grids. JGT (Jute Geo-textile) incorporates nutrients to the soil, 

introduces mulching substances on denuded bank soils, attenuates extremes of 

temperature and reduces the velocity of surface run off passaging over the bank sand 

making rills and gullies (locally called Danrah' in Maida). These are normally three 

dimensional step wise structures configured along slopes of the banks about 40-50 of 

slopes descending down the river bed. JGT has a special quality of absorbing water up 

to nearly 5 times in dry weight condition. The following set of mathematical factors 

after Topobroto Sanyal, JMDC represent a cross section of an embankment slope 

inclined at an angle of 'X.0' to the horizontal plane 'H', 'd' is the diameter of the weft 

yarns of open weaves of jute. 'I' is showing the base of the stored heap triangle of 

JGT substances on the slope. The action needed is to impediment the surface run off 

and impinging flow attacks along the meander curves (Standard is that it is estimation 

over a slope of I: 1t) 
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For N wefts m-1 (where N means no of wefts for which'S' is to be derived) 

s = N X {(4Id-3.14d2)/8} 

Now substituting I; we can write 

'd'x cot X', as'd' is the diameter ofweft yarn and cot is a function of ratio of base in 

the numerator and perpendicular in the denominator 

S = N x {(4 x d x d.cot x0 
-7t x d2)/8} 

S = N x{(4d2 cot x_O -nd2)/8} 

= N x d2 {(4 cot X' -n)/8} x 103 mm3/m2 

Cot x_O can again be replaced by 'n' i.e. - with slope as 1: n (' 1' vertical to 'n' 

horizontal units); 10000 or 103 is multiplied to transform the entire factor into mm 

fromm 

Now, S = N x d2 {(4n -n)/8} x 103 mm3/m2 

Thus with a slope of 1:2 I where n = 2 units) and N=45 in a case, the storage will be 
0.4374lts/m2

, ifd= diameter ofthe weft yarn= 4 mm (given condition) 

Now, S = 45 x 4x {(4x2- 3.14)/8} x 500 

= 45 x (8-3.14) xSOO 

= 45 X 4.86 X 500 

= 1, 09, 350 mm3/m2 (1 cubic mm = 0.000004lt) 

= 0.4374 Its I m2 

Thus the need is to go for proper draping ability. JGT is most drape-able geo

synthetic especially when it is wet as proposed by Thomson and Ingold in1986. Jute is 

so powerful that about 50% of its dry weight is equivalent to its absorbability. At a 

bank slope of 1:2 proportion, d = 4mm and presence of 45 yarns per m2 (n), it means 

2.687 lt sq m"1 of water can be absorbed. Thus if the storage of water at overland is 

high, it will create less chances of bank side wash-outs.Banks are susceptible because 

of fluctuations in water level and reacts as a result of (i) penetration of water into 

loose bank soils and pore water pressure and (ii) Outward thrust of pore water during 

the withdrawal of rains. 

When a bank is full to the brim, pore water does not have any chance to come 

out due to the counter pressure exerted by the river water striking a balance (Sanyal. 
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T, 2004). When the level of water drops in the river the balance is disquieted resulting 

into outfall of entrapped pore water. The remedy is to allow the pore water to come 

out without dislocation of bank soil. The need is to select the right pore size of the 

fabric so as to prevent the waste out of particles through the pore spaces. Impinge 

currents hugging a bank and vortices injected at the bank toe both during bank full 

and normal bank phases are to be the most important objective of Geo-textiling here. 

In such a situation, Geo-synthetic, aproning should be accompanied by Guide walls, 

flow breakers and repelling spurs. Bitumen is a good metal as constituting ingredient 

for JGT yarns for its guaranteed durability and longevity against huge exposure of 

pore water. An approach along left bank of Fulahar River of Ganga system upstream 

of Sanharitola Ghat of Mathurapur, Maida; was taken up successfully. The objective 

was for a length of750m of the river through Jute textiling. Pre-requisite was to build 

up the submerged repelling spurs or simply toe walls. To avoid the flow repulsion toe 

wall can be a good flow-attack breaker, and that could destabilize the protective work 

around Bhutni. In the case ofFulahar 12m bank slope was taken up and was treated 

after each 5 m of break from the bank crest and 1 m concrete berm was made at the 

bank top. The bank soil was composed of fine grained sand particles with average 

diameter of 0.175mm with high soil permeability of 10-4 per second. The monsoon 

discharge veers around 9,330 cumec and the maximum velocity was about 2 m sec-1
. 

In 2004 the installation of boulder crated toe wall was set up as base for JGT. Behind 

the toe wall, dressing treatment of the bank with 2:1 proportion was done and bitumen 

treated woven Jute Geo-textile was laid over it. Afterwards, armour of loose granite 

boulders was laid down over the fabric work in two strata, each of 450mm of 

thickness with tendrils (iron) to the bank. Now the features were as below-

(a) Weight per unit area is 760 gsm (1200 gsm after bitumen nets) 

(b) Tensile strength is 20 kN x 20kN per m when grey and 21 x 21 kN/m when 
treated. 

(c) Porometry is 150 micron± 10% 

(d) Flow rate at 50 mm constant water head is 14 lt. m2
"
1 Sec"1 

(e) Puncture Resistance is 400 kN 

The treated stretch of the affected bank is in a fine shape. Two years after remedial 

measures were taken up with Jute weft yarns (Sanyal, 2005).Similar JGT Techniques 

can be taken up in case of left (main) channel of Ganga taking the sites starting from 

Domhat to Panchanandapur along the outer curvature of the meanderwhich have been 
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wounded very much. Base of the toe wall can have to be deep rooted at least over 

comparatively thick piled strata of silts and clay avoiding sand pedons down the bank 

toe. For this, excavations of 2 to 3 m can even be done to reach to the stable base for 

toe wall formation. The motive of installation of JGT for mighty rivers like Ganga is 

to withstand dynamic stresses and generation of membrane effect that exerts upward 

thrust against imposed pressures of water. Maintenance of permittivity (flow across 

the geo-synthetics) and transitivity (flow along the plane of geo-synthetics) is very 

important that help soil cohesion. Woven type JGT as invented by Bengal 

Engineering and Science University, Shibpur can also be a good way-out in this 

regard which is featured as below: 

1. Weight: 810 gsm (untreated) 

2. Thickness: 2mm 

3. Width: 76 em 

4. Porometry: 150 micron± 10% 

5. Permittivity at 50 mm constant water head (350 x 10-sSee-1
) 

6. Puncture Resistance: 0.600 kN 

In the realm of adoptions of geo-technical measures jute deserves prior importance 
due to its different merits -

(i) it is a spin-able fiber for which site specific customization can easily be done. 

(ii) Highly drape-able out of all geo-synthetics. 

(iii) Ecologically viable etc. 

8.6. Substitute Measures 

Three blocks of Maida and 11 blocks of Murshidabad are affected by the bank 

slumping incidents of Ganga. During July to September 15 lakh cuses water pass 

through the poor alluvial basin of Bengal Gap which actually increases 5 times of 

more bank slumping in comparison to dry month slumping. The freshet flow of the 

river should be reduced to 10 lakh cusses to maintain the bank stability. To achieve 

the objective 24,000 cusec water sec-1 and during the 3 months of rainy season a 

reserve of 10886.40 crore cubic m water, is the urgency. Now, the question is what to 

do with this volume of water? Actually five states of northern India like Uttar 

Pradesh, Uttaranchal Punjab, Bihar, & parts of Madhya Pradesh contribute 91% areas 

of Ganga Basin including West Bengal, parts of Nepal Bhutan and Bangladesh. To 

control this mega water shade zone a master plan can be prepared by these countries 
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and these countries can arrange an international summit and over which decisions can 

be taken up. A possible way out is to make small dams over the shield stone belt of 

Rajmahal keeping in view the general slope pattern of the country rock. As a matter of 

subjective discussion a reservoir of 1OOm length, 1OOm width and 10 m depth can 

contain 1,00,000 cubic m of water. To collect the water diverted from the main 

channel of Ganga about a number of 10, 88,640 small dams are needed and to be 

distributed over the adjoining states and countries mentioned so far. Estimations state 

that in this way we can reduce down the overpressure of28,000 cumec ofwater in the 

main channel. So far the general slope of the sub continent concerned countries like 

Nepal and Bhutan situated at the upslope areas in comparison to Bangladesh and 

Indian States, can negotiate with the rest two countries i.e. Bangladesh and India in 

respect of purchase of sites for dam construction on behalf of them, Calculations 

prove the fact that, in this way only 1.26% areal coverage of the country will be 

utilized. And the programme scheduled jointly by Nepal and India will utilize 1.04% 

of areal coverage. To perform a successful manifestation of such programme the need 

is to identify the natural depressions, structural synclinoriums, paleo-channels, wet 

lands, swamps, pits lakes etc. in the states concerned to regulate the linkages between 

the river and these depressions. It will be successful in different ways, as it will enrich 

the ground water table, as will save money for reservoir construction, and excavation 

of Dam sites and further possibilities of small scale earthquakes will be reduced 

down. Furthermore, it may develop the base flow or effluent seepage. Social forestry 

programmes, fisheries, irrigation can also be associated with such schemes.ln case of 

Maida district a local scale scheme can be prepared comprising the important heels 

(table.8.3) (natural lakes) as mentioned in the following table keeping in view the 

physiographic (slope factor for interlinking nalas) & socio-cultural controls. 

Table 8.3 List of natural lakes in Maida in view of dam-linkage schemes. 

Sl. No. Beels (Natural Lakes) Blocks where located 

1 Jal-Kar-Bitan Old Maida, Habibpur, Bamongola 

2 Atla, Bhikan Sishdanga Habibpur 

3 Chunakhali, Putul Old Maida 

4 Jatradanga, Madhaipur OldMalda 

5 Chatra, Lohachar, Ahora, Ranigunj, Raidighi Gazole 

6 Kajla, Saulmari Ratua 

7 Siali Harischandrapur 

8 Bhatia, Kochupukur Badhapukur, Piasbari Englishbazar 

Source: Samad,2005. 
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These natural lakes including the heels, ponds and pits can thus be incorporated under 

such schemes. To develop such schemes following are the main pre-requisites: 

(i) Studies on general slope ofthe district using GIS techniques and 3D DEM studies 

at minute level both through satellite data (SRTM) of precise resolution level and 

ground verifications and intensive geodetic surveys, 

(ii)Identification of depressions on the basis of their chronology of depths, 

(iii)Mass-Conventions for acquisition of lands for interlinking actions through nalas, 

iv) Model studies on pressure Hydraulics of water and Hydrological-engineering; etc. 

8. 7. Low cost Bioengineering 

8.7.1. Technique 01 

Bank protection measures, which are matching with the spirit and soul of eco

hydraulic (Budinetro.S.H.), must be :(a) using natural materials, which can be found 

around and that will be of low cost. (b) Labour intensive, lessening unemployment so 

that as according to condition of our country and (c) can provide habitat for water, 

animal and crop (Budinetro,l995). World Bank and Directorate of Water Resources 

Development in Basin water Resources Management Project, since 1966 have saved 

the river banks by ecological methods. They used vetiver along river banks in Java. It 

is very easy to rear the crop. Without looking them after they can grow like any 

notorious plant with heavy undergrowth. The roots have faster penetration capacity up 

to a depth of3 m inside the subsoil. Their life span is more than 10 years. They are so 

eco-friendly that they do not yield even seeds and rhizomes or stolons (ability to yield 

new crop), so that the vetiver do not in accretion beyond the plan area and not even 

keep other adjacent plants to be in competition as no way they are the intruders. No 

insecticides are to be sprayed for them as they have aroma at their roots. Thick 

overlapping leaves stop rainwater sprinkling and rain splash erosion along the bank 

ceases. Dense rooting system will bind the soil precisely(plates:B.l-8.4). 

In case of Wulan and Mayong River concerning an area of about 10.13sq.m and 

costing about 76, 33,700 Rs. resulted successful safe guard of bank. 
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8.7.2. Technique 02 

The other one is bamboo which can abundantly be found almost every comer 

of the earth except few areas at very reasonable procurement levels and can be easily 

used in a prodigal manner. FAO identifies 75 bamboo genuses with 250 species. It is 

heavier for its strength and pliancy. Bamboo stakes have pipe like shape, space 

between joints, special outside coating, straight and limbering facility for curving and 

tie up actions at desired locations. Ipomea Carnia grown in a place in Indonesia 

famously known as 'Karangkungan' which can be planted by cutting from old bar or 

from seed and are grown at faster rate without maintenance and even can be grown 

over sediments of deceleration of current. Current velocity within 1 to 5 m sec-1 can 

easily be obstructed by the combined actions of vetiver, carnia and bamboo. Bamboo 

bars are driven into the river bed where its bank experience scouring. 

Vertical bars are compacted by tree sticks. Porous groyne is used to arrest bed 

load sediments between and among the bamboo fencing. Arrested sedimentary beds 

back and front of vertical and horizontal bamboo mesh will be the playground of 

vetiver and Ipomea Carnia. A length of 200 m ±, 7 to 1Om of height and 2 rows of 

plantation saved the Lusai river bank ofPulongrambe village ofGrobogan. 

In case of river Ganga the plan should be implemented at small pockets and 

along the in-between parts of bankline having cavity cuts to reduce down the 

formation of incipient gully cuts. Sites can be selected or considered are Moynapur, 

Domhat, Khaskol, Aswinitola, Sakullapur and Panchanandapur located along the 

meander curve of the river. The work plan and fencing patter along the bank bend will 

be more or less as below as fits to the ecology very much. 
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Plate 8. 1 Deep rootnerworking of veriver Grass 

Plate 8.3 Almost I : 1 Proportion Growth of srem and 
roots of l'eriver signif\' ing good soil holding capacitr 
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Plare 8.2 Heavier weighr of veriver resulrs 
imo gravit\' artracrion 

Plate 8.4 Detachment ofvetiver is rea /lv a 
harder task 

Note: Courresr to th ese Photographs ( 8.1 ro 8.4) is purelr ro secondary sources (INTERNET 
downloaded) and raken for analrsis purpose onll· 
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8.8. Structural Measures 

Plannings and ideas as laid down by the Indian Standard Guidelines for 

Planning and Design (ISGPD) regarding the preparation of embankments can be 

taken up. To go for the structural measures and to protect the bank is seriously a time 

being measure especially along serpentine rivers. All such measures can be termed as 

'measures of detention of Hazard". The finalization deserves the following aspects 

in view of preparation of the structural measures like -

(a) Retired Embankment 

(b) Marginal Embankment 

(c) Revetment Walls 

(d) Spurs : (i) longitudinal 

(ii) Cross/inclined spurs 

(e) Guide Bank walls 

(f) Surface drains( concrete mainly) 

(g) Boulder Crates 

(h) Concrete Mattress (use ofTarja Mat) 

(i) Triangular beams, etc. 

8.8.1. Construction ofEmbankment 

(1) Spacing ofEmbankment; 

Spacing and alignment of such embankments is needed to save the bank 

residents especially against rise of high flood levels with that of reduction of cross 

section area and flash discharge during rain. In case of one bank to be embanked, the 

spacing distance must be taken 1 Y2 time the Lacey's wetted perimeter considering the 

measurement from the midstream ofthe river. 

(2) Flood level analysis 

Fixation ofHigh Flood Level as Designed structures may be done taking flood 

Frequency Analysis of at least 30 to 100 years for better model studies. Availability of 

good hydrological data is the foremost perquisite to calculate the return period of 

deluge . 
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(3) Rivers-side Geometry and Embankment Study 

Minimum 1.5m to 2.5m of free board over the designed high flood level 

should be considered in case of rivers with more than 3,000 cumecs of discharge 

which is 10 times more in the case of Ganga. About 5 to 1Om of top width is also 

required for a stable embankment. Each of such platforms separated in between by 

sausages (G.I. Wire crated) may receive 20 to 30m of length and 3m of width and 

falling slope of 1:3 ratio i.e. each 3 unit horizontal displacement will be having 1 unit 

of vertical fall or rise. Computation of hydraulic gradient by filling up of country rock 

can be taken very less in case of alluvial river like Ganga as 1 :6 ratio which is 

dominated by sandy soil (as per guidelines of ISGPD, Govt. of India). The matter of 

river side slope is very important. The nature of fall of river-bank side slope will be 

comparatively flatter than the underwater falling angle of repository filling material 

up to Sm or 6m of embankment height with as minimum of 1 :2 ratio of slope of fall. 

Highly loose sandy soil with very less the cementing material is the character of 

Ganga bank soil in Maida. Thus a riverside slope made up of such country rock can 

be covered and dumped by good clayey soil of at least 1.0 m of depth. To combat 

against sudden draw down usually labour intensive concrete pavements with natural 

joints like rip-rap technology of USA can be adopted. Grafting of grass sods can be 

very much useful over the cover dump of 1.0 m on hydraulic gradient. Top of the 

embankment may have good soling with steady infiltration passage routes. Building 

up of slanting Ramps to solidify and pitching of the embankments, aproning must 

reach to the main channel thalweg towards channel, and may be associated with block 

mattresses. Beyond the toe of the embankment the requirement is to build an 

additional width of2.0m along the river side face and the lee side of country land with 

3m at best. Borrow land can be acquired on the river side of the embankment. 

Normally in most of the cases a distance of about Sm is logical from the toe of the 

embankment and the edge of the borrow pit tagged with wide cross bars of 6 to 7m 

with space gap of 60 m along the bank line so that to avoid and deflect the parallel 

flow attacks. Marginal embankments must be distantly saved by the Retired 

embankments. 
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8.8.2 Construction of Revetment 

Revetments can be made for embankments in bank protection works. For the 

ground study of this, there is need for discharge data of 50 to IOO years with 

fluctuations of flood and lean periods. Knowledge on bank side velocity, banks slope, 

weight and volume size of pitching stones, etc. is of prime significance (Vasisthya, 

2004). Weight ofboulder is estimated on the basis of following formula below: 

W = (0.02323 x Ss x V)/ [{K x (Ss -I)3
}] 

Where the constant of K = [ I-Sin28/Sin2 cp] Y. 

Where, Ss = Specific gravity of stone 

8 = Repository angle of materials pitched 

o = Angle of Bank slope 

V = near bank velocity 

To know the thickness of protection layer 

T = V2
/ [2g x (Ss- I)] 

Where V =velocity in m sec-1 

g = acceleration on gravity 

Ss = Specific gravity of stone. 

8.8.3 Construction of Groynes I Spurs 

To make a spur there should be an issue of inundation and eroding bank and 

50 to I 00 years of flood frequency data with particular knowing of high flood levels 

within the channel bankful stage. In case of Ganga it is normally 23 to 25m during 

floods. To calculate the required length of groyne or spur it is to be known that it 

should be less the 1/5 the times ofthe width of flow. In case of Ganga the maximum 

of8.5km width near Sakullapur-Panchanandapur part, the 115 ofthat will be 1.6 to 2.0 

kms and spacing will be in the case of mighty rivers like Ganga 2.0 to 2.5 times the 

effective/ efficient length i.e. 4.0 km to 5.0 km. The determination of top level will be 

carried out on the basis of type of spur i.e. submerging, semi submerging or standing 

or stationary type (plates 8.9,8.11 & 8.13). Submerging or partially submerging one 

should be much wider at top level which normally happens to be 3.0 to 6.0 m with 
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free boarding of 1.0 to 2.0 m above high flood level. Side slopes can be at the 

maximum of 3 unit of horizontal displacement to 1 unit of vertical fall from top of 

spur. Both deflecting and attracting spurs can be placed with cases varied. Some 

techniques as mentioned above for weight, volume and size of boulder and 

computation of pitching thickness can be done. To carry out the width or expansion of 

launching apron, size of stone (same as above), and scour depth as per Lacey's 

formula can be done which is furnished below: 

Scour Depth (D)= 0.473 (Qif/13 

Where, Q =discharge (average or maximum, as case arises) 

f= Silt factor= 1.76. Vcf 

D = mean or average diameter of river bed material in mm 

Width/Expansion of Launching apron (L) = 1.5xD of maximum depth of scour 

below apron level. 

8.8.4 Construction of Guide Bank 

These are parallel running wall of alternative bank along the natural one and 

needs to be decided by engineering model studies. Length of guide banks will be 1. 0 

L to 1.5L (Km) along upstream reach and 0.2 L to 0.4 L (K.m) along downstream 

reach. Here L resembles the length of structure between abutments or lateral supports. 

Along meander turns Radius of curve of the structure may be 0.5 L at head side and 

within 0. 0-0.5 time of radius of head side in case of tail side. Above high flood level 

the structure will enjoy 2.0 m of free board and ratio of side slope will be at the 

maximum of 3: 1. Toe should be tagged with stone pitching slopes. Thus size, weight 

and volume of boulder stone will be derived by same formula as above. Same 

treatment may be followed for thickness of the stone pitched launching apron. 

Generally the height of the bank is considered to be protected from the highest flood 

level and free board requirement. Borrow pits must be installed at a protected distance 

of about 3 times of the height of the guide bank from the apron toe. 

8.9. Comparative Analysis of Various Structural Measures 

Out of the above concerned structural measures if we generalize, mainly 2 types 

can be summarized. 

(1) Guarding Structures 

(i) Spurs. (ii) Embankments 



Spurs as witnessed are of 4 types 

(a) Spot level spurs (Single location projecting to the river from the bank) 

(b) Longitudinal spurs (continuous) 

(c) Transverse spurs (angular to the bank) 
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(d) Bull headed cross spurs (capped at the end of the spur projecting to the river) 

On the basis of resisting actions against flow attacks spurs can be of 2 types 

(a) Attraction spurs (wounded or in danger by river current) 

(b) Deflecting spurs (Flow breaking spurs) 

Embankments are of the following types 

(a) Marginal embankments (along the bank line) 

(b) Retired embankments (away from bank line and marginal spurs) 

(2) Protecting structures 

There are many such protecting structures 

G) Boulder crates (plate:8.6), 

(ii) Triangular(trilateral) tie beams (plate:8.7), 

(iii) Gunny bags full of sands and silts (plate:8.12 & 8.14), 

(iv) Earthen repelling wall, 

(v) Ta~ja Mattresses and block mats (Basu,2004). 

(vi) Maximum number of boats are needed to install the mattress at nodal places 

like Panchanandapur (Sen,2010). 

In most of the cases the structural measures are very much expensive and time 

consuming. The other problem was installation of the structures after taking the 

decision is not in proper time. Many a time they are installed when the need is over or 

estimated destruction has been realized. On the other hand to minimize expenditure 

spurs are not made up of required distance rather less than that. Discontinuously 

installation of spurs invite the incoming current surges to create(Fig.8.2) incipient 

gully for which once the deflecting spur in terms of activity of flow breaker, later on 

turns into an attractive spur. Ground pitching is many a times done over sandy 

substratum for which superincumbent load pressure further accelerates collapse of toe 

level area of embankment. 

Iron meshing for boulder crates are many a time not competent in respect of 

the weight of the boulders (plate:8.6) and are susceptible to oxidation effects due to 

chemical weathering of iron wires. 
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Plate 8.5 Countrr boats as carriage of boulders from Rajmaha f 

Plate 8.6 Weir era res of boulders O\'er unconsolidated sifts of bank soils 

Improper permeability of the embankment tops also accelerate ra in drop or 

rain splash eros ion. Pitching of heav ie r blocks of stones on earthen subsUJface matrix 

also accelerates grav ity pull s for which slumping increases. Apron angles should be of 

more gentler or low gradi ent ( I :5) so that attacking fl ow currents can not be 

drasti call y obstructed and thereby reducti on in attack-reacti ons can be attained but in 

most cases to min im ize the length of apron the s lope rati o is I :2 or I :3. Apron 
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margins should reach to the thalweg bed layer to strengthen the bank. Before 

installati on of spurs in vesti gati on to find out the points a long the left bank-facing 

tremendous fl ow currents should be carried out. From Khaskol to Laskartola reach 

covering Panchanandapur and Sakullapur, can be treated with continuous 

embankment and no scope for inc ipient gull y formation be left. The way of bringing 

huge boulde rs are mainly country boat he re(Piate:8.5) ,which can be associated with 

motorable boats.From Khaskol to Panchanandapur special weather res istant iron and 

steel sheets should be used for aproning and that reach up to the deepest thalweg level 

of the channel bed. Marginal bunds should be tied up with Retired e mbankments. 

Attention should be paid on bundling of the embankments. Investment must be 

initiated towards mak ing of continuous repe lling walls fro m Manikchak to Domhat 

and Moynapur to de fl ect to bank side main cunent flow and temporary dredging can 

be deployed to cut down the channe l-bar crests; so that the deflected secondary fl ow 

can not be obstructed and can eas il y be separated up. ' Bull headed" transverse spurs 

must be defl ectin g one and can be ex posed to the incoming currents in such a way that 

both side cavity form s a long soft rocks of bank can not be taken place and even at the 

very beginning of the cavity form s, ad mixture fill up of boulder crates, o r gunn y bags 

or triangul ar tie beams can be placed. 

Plate 8.7:Trilateral structure as protecti ve measures against erosion 
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Plate 8.8 Location of Transverse Spurs with winged marginal guard walls 

Regular monitoring of embankment breaching can be done and should be 

repaired regularly(plate:8.8 ). Dredging, at best should be taken up along the localized 

pockets. It was found that the estimated expenditures of dredging and di sposal is Rs . 

77 .75 crore per year and only 6 months is required to fill up the bed with silt which 

was dredged worth toRs. 77.75 crore and for a recurrence of three consecutive years 

will incur about 233.25 crores of rupees. Scour depth bundling with bowl shaped 

boulder bags to be done to stop or reduce the degree of toe erosion. 

8.10 Comparative analysis of various non-structural and semi-structural 

measures 

Important non -structural measures can be categorized as below: 

(a) Active measures, and 

(b) Passive measures 

Acti ve measure can be of the types below: 

(i) Geo Textiling 

(i i) Geo-jutting I Geo-engineering 

(iii)Withdrawal of draining or draw downs 

Passive measures are of the following types 

(i) Removal of possible dwelling sites from the charlands like Bhutnidiara. 

(i i) River linking and channel linkages 

(iii) Removal of near bank side settlements. 



Plate 8.9 Thin polnner sheets to pmhibit leaching 
th rough preparing embankment( Manikchak) 

Plate 8. I I Carrring of boulders by labourers 

Plate 8. I 3 Unplanned cutting of banks behind 
thick piles of marginal embankment pitching 

(Manikchak) 
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Plate 8. 10 Unp lanned boulder throwing to the 
Channel ( Mani kchak) 

Plate 8. 12 Unplanned dumping of silt laden 
gunny bags affecting negatively to the bank 

soil compactness 

Plate 8.14 Wounded parts of silt laden gunny 
bags (Domhat) 

Opting for Geo engineering through growth of grasses like growth of vetiver type of 

grasses to combine and conso lidate the bank soil is a most prominent action which at 

least can reduced bank soil detachment for about 2 to 3 years and can lessen the rate 
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of bank wash outs through overland flow pouring down into the river. Geo Textiling 

by Geo~utes can even also play vital role and bamboo sticking or cane fencing at very 

localized and pocket locations may imply more reliable results. Wood logs pitched 

with stones within wooden log cages may also be used in a step to step manner. These 

are highly effective in the coastal areas. Better solution can be the evacuation of 

Bhutni Diara and removal of the circuit embankment and offer this big channel bar to 

the river only, as it is the floodplain of the river during high spate. 

8. llComprehensive Perception of Erosion Mitigation in Maida 

The vision to think ahead further more in this field of finalization of needful strategies 

to protect bank erosion , we must prepare our decision making attitudes in a right way 

as discussed below. 

(a) Remedial approaches 

In developed floodplain areas, where a high bank erosion potential already 

exists, simply applying land use controls to protect bank will not have an immediate 

impact on the erosion damage potential. Additional actions must be implemented if 

the goal is to reduce a community's bank erosion damage potential. Remedial 

floodplain management involves the planning, design, construction and maintenance 

of facilities to reduce the erosion damage potential in an already developed 

floodplain. The remedial options available include construction of erosion control 

works, flood detection and warning systems, acquisition and relocation, and public 

awareness programmes. 

(b) Erosion detection, forecasting and warning 

Bank erosion detection vis-a-vis forecasting and warning systems can be 

effective in reducing loss of life and property damage. 

The ability to forecast bank failure is limited to the time during which changes 

in the hydrological conditions necessary for erosion to occur and have begun to 

develop. The formulation of a forecast for erosion conditions requires information on 

current hydrological conditions such as precipitation, river stage and temperature 

conditions, soil conditions over the entire drainage basin, as well as weather reports 

and existing forecasts. 
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Methods for warning the public should be well thought out, documented, and 

practiced on regular basis. Ways to disseminate warnings include radio, television, 

warning sirens and public address systems. Users of detection and warning systems 

should be aware that all members of the public will not respond in the desired manner 

to warnings. An understanding of how and why people respond to warnings is an 

essential ingredient in any warning system 

(c) Awareness generation 

Recognizing that awareness about vulnerabilities is a sine qua norm for 

inducing a mindset of disaster prevention, mitigation and preparedness, the 

Government has initiated a nation-wide awareness generation campaign as part of its 

overall disaster risk management strategy. Apart from the use of print and electronic 

media, it is proposed to utilize places with high public visibility to make people aware 

of their vulnerabilities and promote creation of a safe living environment. Appropriate 

public awareness programs at grassroots level should be implemented for the 

following purposes: 

1. To make floodplain occupants and/or owners aware of identified bank failure 

hazards; 

ii. To encourage individuals to take actions such as river bank proofing 

11. To make individuals aware of the existence and operation of warning plans 

and 

111. To encourage individuals to keep watch and to report potential maintenance 

problems. 

(d) Bank Erosion Mitigation in Maida District 

Bank erosion hazard mitigation involves measures to reduce the effects of 

disaster causing phenomena. All actions to reduce the impact of a disaster that can be 

taken prior to its occurrence, including preparedness and long term risk reduction 

measures. It also includes the planning and implementation of measures to reduce the 

risks, and the process of planning for effective response to disaster which do occur. 

Disaster mitigation includes scientific analysis of risk assessment, social, economic, 

legal and technical processes in the development of mitigation measures and 

administration and political processes in application of these measures. 
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Floodplain is built up of layers of sediment deposited by the river when it 

periodically overflows its normal banks. There is a natural tendency for a river to 

deposit sediment in its channel during times of low flow, so that an equilibrium state 

is attained at where the river comfortably fills its main channel under normal 

conditions. Therefore, the river spread out automatically onto its floodplain during 

periods of high flow. Expansion of human settlements and cultivation in the 

floodplains hinders free movement of flood water and thereby creating a disaster'like 

bank failure. In terms the beneficial role of flood becomes disastrous to the society, 

environment and the economy. To a great extent the reasoning fits precisely to the 

recurrent situation offload and erosion ofRiver Ganga in Maida District. 

(e) Identification of vulnerable areas 

Identification of vulnerable and potential bank erosion zone is of pre-requisite 

for any management plan. In fact, degree of management need depends on the degree 

of vulnerability including intensity, frequency and magnitude of probable disaster 

with defined return period. Vulnerability assessment ofthe river Ganga bank erosion 

hazard in Maida district has been carried out based on: 

i) Magnitude and frequency of occurrences in the past, 

ii) Nature and characteristics of river bank conditions, 

iii) Fluvial characteristics of the river and 

iv) The level of human interferences in and around the river bank. 

The following vulnerable zones are identified: 

1. Very High vulnerable Zones (VHVZ); these are the areas like 

Manikchakghat, Khaskol, Gopalpur, Panchanandapur, Sakullapur etc. 

2. Highly vulnerable Zones (HVZ); these are the areas like Chandipur, Domhat, 

Nathinagar, Bhawanipur, Mohonpur etc. 

3. Moderately Vulnerable Zones (MVZ),these have been identified for the three 

Km eastward areas of Domhat, Bhawanipur, Mohonpur, Khaskol, Laskartola 

Curve considering the nature of grasping of the eroding river. 

4. Low to marginally vulnerable Zones (L VZ) zones has been identified for the 

areas 1 Km eastward of the MVZ. 
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(f) Erosion mitigation measures 

A large variety of methods of engineering and non-engineering nature are 

under application around the world in mitigating river bank erosion hazard. At the 

global scale, the commonest form of erosion mitigation measures includes 

channelization and detention facilities. 

i. Channelization involves construction of open channels which is a commonly used 

method of reducing the size of a floodplain or floodway. To prevent erosion, channels 

can be lined with grass, wire-enclosed rock, concrete, riprap or cobblestones placed 

inside few layers deep. Open channels allow water to enter them at almost any point, 

thus compensating for inadequate tributary collection systems. 

ii Detention facilities such as dams, storage of flood water and release them at lower 

rates can be adopted. The adoption may reduce or eliminate the chances of major 

downstream flood and erosion incidents and will develop erosion control facilities. 

Perhaps the greatest disadvantage of detention facilities, assuming a structurally 

sound facility, is the false sense of security that such structures create among the 

general public as they assume the detention facility has eliminated any hazard; that 

they are consequently totally unprepared for the possibility of a hazard that exceeds 

the design capacity of the facility. 

An attempt has been made to outline some of the important measures adopted 

by I & W Deptt., Govt. of West Bengal to mitigate the impact of bank erosion hazard 

in Maida district. 

(g) Structural measure 

Structural measure ofbank erosion hazard mitigation involves both engineered 

and non-engineered structures. These include construction of embankments, dykes, 

river channel re-shaping and river training etc. (I&W Deptt.). However, before 

advocating for any comprehensive plan for hazard mitigation, it is imperative to 

evaluate the past structural measures adopted for mitigation of flood hazard. The 

following structural measures are adopted to mitigate the Ganga bank erosion hazard 

in Maida district. 

Embankments, dykes and spurs are the most commonly used structural 

measure adopted in the study area. The traditional river bank protective measures 
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taken so far till now (embankment) deprived the mass community to receive 

beneficial effects at the one end and have accelerated the processes like flood, bank 

failure and avulsion at the other end. 

The detrimental effect of embankment in controlling flood hazard has been 

demonstrated globally and it is proved to be counterproductive. Following are the 

major effect of embankment on the fluvial dynamics of sub-Himalayan Rivers: 

• Aggradations vis-a-vis rising of riverbeds at an alarming rate and in many 

cases riverbeds are now higher level than the contiguous ground level, 

resulting into inducing phases of avulsion. 

• Providing false security to the local inhabitants and more instrumental than 

actual for large scale human settlements in the river valleys e.g., between 

embankments and active channels. 

• Responsible for making the river more unpredictable 

• De-silting of wetlands/natural depressions/cut-off channels, paleo-channels for 

promoting rainwater harvesting and also to act as detention basin. 

(h) Non-structural measures 

The structural measures as proposed in the previous section are found 

insufficient in providing a full protective umbrella against flood menace. The 

following are the major non-structural measures proposed for the said purpose: 

• Catchment area protection and improvement through afforestations and 

scientific land-use and slope management. This is a lag term protective 

~ measure which will control sediment production and maintain hydrological 

cycle. It will also improve the fluvial efficiency, competency and 

navigability of rivers. 

• Early warning system is also considered to be one of the components of 

flood mitigation. 

• People's participation through education and creating awareness among the 

potential victims can also be proposed as a mitigating measure for 

reducing flood damage. During the execution of such present project, a 

large number of youths from the local schools and volunteers can be 

involved to initiate massive campaign programmes regarding the flood 
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safety rules among the local residents, particularly among those who are 

residing in high risk zones. 

Identification of flood valley vis-a-vis flood plain zomng (FPZ) is a 

seriously prioritizing aspect and can be categorized as under: 

i. Prohibitive 

ii. Restrictive 

iii. Warning 

• Prevention of human encroachment in flood valley. 

• Construction of flood shelter (Geo-referred) in high priority area at G. P. 

level. 

• Introduction of Flood Insurance. 

e Introduction of Disaster Management Information System (DMIS) 

. r involving real time: 

i) Data acquisation 

ii) Transmission 

iii) Processing 

iv) Forecasting 

v) Dissemination. 

• G.P. based disaster preparedness and response planning 

• Awareness programme on flood-man relation at G. P. level. 

(i)Land use control 

The purpose of Land-use regulation is to obtain the beneficial use of flood

prone areas with a minimum of flood damage and a minimum expenditure on flood 

protection. Some of the adverse implications of human occupancy over flood plains 

have been repeatedly emphasized, as has the impracticability, in most cases, of 

abandoning such areas altogether. Land-use regulation aims, therefore, at a policy 

which combines the abandonment of limited parts of the flood-prone areas with the 

careful regulations of land-use being the remainder of such areas. 

Deforestation via-a-vis environmental degradation in the watersheds of the 

sub-Himalayan and Himalayan rivers indeed plays the decisive role in contemporary 

increased frequency and magnitude of hazards. Vicious cycle of degradation has 

already been established in the sub-Himalayan watersheds. Perhaps, the only 
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possibility to save the habitable environment lies into the pro-active watershed 

management. It is thus, our imperative duty to inform the people living in threshold 

areas within the watersheds (prohibitive /restrictive zone) categorically about the hard 

reality of possible hardship during the different stages of watershed management 

processes. 

Let us tell our people living in threshold areas (prohibitive I restrictive zone) 

categorically that you are living in an unsafe area and it is not possible to provide you 

security against possible flood and erosion. The land use pattern, house type must be 

suitable to cope up the possible threats. The traditional art and life style of living with 

flood must be adhered to. However, the life both human and animal along with 

movable property must be protected through the construction of Flood Shelter nearby 

preferably within the radius of 5 km. 

The model future course of action for comprehensive flood management vis-a

vis river bank protection plan in Maida district shall include: 

• Identification of flood prone area and plot it on Cadastral map (Scale 1 :3960) at 

Gram Panchayet level. 

• Flood Plain Zoning of the major rivers at Gram Panchayet level on Mouza maps. 

• Identification of Prohibitive zone and listing of families settled, land use practice, 

domestic animals, source of drinking water and other services existed in such zone. 

• Identification of Restrictive zone and listing of families settled, land use practice, 

domestic animals, source of drinking water and other services existed in such zone. 

• Identification of Warning zone and listing of families settled, land use practice, 

domestic animals, source of drinking water and other services existed in such zone. 

• Projection of possible damages under different degrees of hazard. 

• Identification of sites for Flood Shelter and facilities needed. 

• Digitization, geo-referring and development of GIS with attachment of data related 

to the hazard. An on-line linkage with the forecasting agencies will help decision 

maker to take right decision at right time. 

• It will be possible to arrange for emergency evacuation, rescue for human and 

animal and also for movable commodities. 
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• The GIS thus developed will also be of great help in providing efficient relief 

measures. 

Although, the task is enormous, expensive and time consuming, yet the 

concerned departments with the help of Gram Panchayet can initiate such 

programmes. Expert agency can also be engaged. Such an approach although, would 

not control flood yet it will definitely reduces the loss and sufferings of the victims to 

a maximum extent. A portion of the money that spends for the construction of 

traditional flood protection may be kept aside as the emergency fund for the possible 

victims. 

Conclusion 

We have no right to strictly train the dynamic adjustment of the river within its own 

trajectory and future vision should have objectivities to evacuate the backline 

settlements at least 3 kms from the bank line as during 1997 flood, 600m shift of the 

channel along Panchanandapur, Birodhi, Sakullapur, and Jotkasturi was found within 

5 days of incessant rainfall. It is a long drawn record on river dynamics that if one 

bank is being trained, obviously there will be some reactions on the other like pushing 

back to the other bank and that should be untrained to release the reactions for the 

above mentioned action. Actually in case of Ganga, Bhutni and Duani (as because of 

dwelling sites) have obstructed forcefully by circuit embankment mainly, the dynamic 

reactions which in tum leads to the breakage of left bank side structures. 
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The main aim is now to save the life of hundreds of homeless destitute with a view to 

provide them new vision towards their life expectancy and social well being. The 

usefulness of Disaster management Act should come into force with all its priorities 

as it covers the whole of the country. The first need is to be steady for capacity 

building and with identified resources and capacitation of the personals. Actually the 

situation should be termed as 'Serious Disaster 'which is known in Indian 

Constitution as catastrophe, mishap, calamity or grave occurrence in any area arising 

from natural and man made causes, or by accident or negligence which results in 

substantial loss of life or human suffering or damage to or degradation of environment 

and is of such a nature or magnitude as to be beyond the coping capacity of the 

community of the affected area. The National Disaster Management Authority 

(NDMA) must take necessary responsibilities for laying down the policies, plans, and 

guidelines, coordinate the enforcement and implementation of the policy. There can 

be making of a constitutional National Executive Committee to assist the National 

Authority. Effectiveness of the National Plan i.e. whole of the country is very much 

needful, which should be reviewed and updated annually. On the basis of National 

Disaster Management Authority shelter, food, drinking water, medical coverage, and 

sanitation should be seriously provided with special attention to widows and orphans. 

NDMA should initiate proper attitudes in sanctioning loans or granting fresh loans on 

low interests mainly concession based terms as may be appropriate in view of 

realization in turn. Strengthening of the State Disaster Management Authority is also 

needful to carefully laying down, approval of the State Plan and moreover it should 

integrate the measures for Disaster prevention. Similar guidelines for minimum 

standard of relief initiated by the State Authority and overall the formation and steady 

action of State Executive Committee is really needful. The state committee will ensure 

the functions of the subcommittees in respect of proper execution and feed back 

analysis of State and National plans. To protect the community affected by disaster or 

preventing or combating disruption or dealing with the effects of any threatening 

disaster situation the attitude of the State Executive Committee can be done in the 

following manner as proposed in the Disaster Management Act (DMA) 2005 
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i) Restriction and control of unauthorized vehicle to move around the affected 

area, 

ii) Even the persons entering into the disaster affected areas should be restricted 

to some extent that no unhealthy situation be started, 

iii) It may allocate available local resources for the purpose of emergency 

response, rescue and relief; 

iv) It may also provide necessary structures as well demolishing the unsafe 

structures to minimize hazardous public situation, 

Similarly same actions, sub-committees, plan formations, can also be followed at 

the district level to constitute the Disaster Management Authority. The power of 

the chairperson ofthe district authority should be strengthful enough. To actively 

perform the duties, advisory committees may have been formed. The district plan 

should be prepared after consultation of the local authorities having regard to the 

National and State plan. 

The District plan should include: 

(a) The areas in the district vulnerable to different forms of disaster 

(b) The measures to be taken, for prevention and mitigation of disaster by the 

Departments of the Government at district level and local authorities 

(c) Capacity building is highly necessary 

(d) Enforcement of measures to safely rescue the victims at times. 

There should be proper allocations of money, supply of life supportive articles, 

and service supports regarding: 

i) Arrangements of Government Departments interlinked with each 

other, 

ii) Prompt response to Disaster and relief thereof 

iii) Procurement of resources to be utilized 

iv) Public awareness building in the form of dissemination ofinformation 

v) Revival, Renewal, and updating of the district plan is required at 

priority level. 

Measures by the Govt. should be taken up in terms of the following: 

a) Co-ordination of actions of the ministers or departments of Government of 

India, state Govt., national authorities, state authorities etc., 

b) Appropriate allocation of funds for prevention of disasters, 
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c) Cooperation and assistance to state governments, 

d) Drawing up of mitigation, preparedness, and response plans, capacity building 

and data collection should be facilitated, 

The main aspects will be likewise: 

1) Carrying out rescue and relief operations, 

2) Disaster generated damage assessment, 

3) Rehabilitation and reconstruction activities, 

e) Plans can be prepared from the parts of the members ofParliament (union)and 

Legislative Assembly members regarding the following: 

1) Selection of measures to be taken up, 

2) Preparedness and capacity building. 

3) Prompt reactions to the disasters, 

4) Allocation of money. 

f) Formations and functions oflocal authorities can have been set up. 

g) Strengthening the power ofNIDM (National Institute of Disaster Management) 

and application of its plans and policies, 

h) Awakening of National Disaster Response Force(NDRF) for the specialist 

purposes 

ofrisk affected areas in the hazards of such disaster. 

i) Next is to articulate the NDRF with that ofNational Disaster Response Fund 

(NDRF) and should be available towards the National Executive 

Committee.Extensive networking at Govt. level among the following 

official sects offunds is really essential: 

1. State Disaster Response Fund (SDRF), 

2. DistrictDisaster Response Fund (DDRF), 

3.State Disaster Mitigation Fund (SDMF), 

4 DistrictDisaster Mitigation Fund (DDMF). 

G) Emergency procurement should be institutionalized at storage sites through the 

proper extensive services among the national, state, district and local authorities. 

(k) Obstruction created by any people or group or agency towards any official 

authorized by the National State, and District authority should be kept in avience and 

prosecuted to Constitutional punitive actions. 
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(I) Whenever and whoever knowingly makes any claim e ither in false attitude or in 

false statement for obtaining any relief, ass istance, repair, money, reconstruction 

money, should be treated on conviction for refunding the help in terms of money be 

initiated against the m. 

(m) Any officer, on whom duty has been imposed or under the DMA, 2005 and w ho 

refuses to perform relief duties without any lawful excuse for doin g so should not be 

entertained. 

(n) Prohibitions against di scrimin ations regardin g sex , caste, community, religion, 

should be strictl y controlled in case of di stributi on of relief articles and must be cal led 

as execrable offence under Human Rights Commission. 

(o) Ex igency power of all the authorities should be imposed regarding requisition of 

resources, provi sions, vehicles, rescue operations etc. To make it obvious there should 

have provisions of compensation money either in the form of rent to be paid or in the 

form of exchan ge of premise for specific need . 

Plate 9. I Present Scenario at Panchanandapur 

A represents the main Ganga Channel, 

B represellls the ongoing abandoning loop of main Ganga Channel, 

C represents the left m·er part of Ganga near Panchanandapur Chat bus stand during FebruarY 20 12, 

.::J Th e curve lin e represents semicicular abandoned loop designated as C. 
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(p) Media can be intimated regarding communication and warning of Disaster 

either through audio, or visual or audio-visual or through wireless networking to make 

people aware of the danger of the disaster. 

The light of good hope is that, the Panchanandapur meander curve of the main 

or eastern flow of the River Ganga is now-a-days facing a culminating phase of 

extreme meander curvature and part of the channel is abandoning its bank-hugging 

attitude taking the extreme east of the bank along Panchanandapur area. During my 

last visit to Panchanandapur, I found that a semi-circular scar of the channel has been 

left over (plate 9. 1) and as per perception the thalweg line is moving further right 

keeping channel bars along the left bank. 

In my view this can be a good hope, because in meander geometry the rivers 

leave their excessive curvature bend fittings during a phase of 80 to 100 years of gap 

and returns back to earlier course leaving abandoned loop channels. Any major flood 

in such situation can also aggravate the channel metamorphosis. In case of Ganga 

such a situation had been started from 1930s onwards and last severe erosion was 

witnessed during rain havocs of 2007 ·and few pockets are still facing volatile phases 

of erosion. Thus the river system has experienced about eighty years of continuous 

bank wasting and it can now be hoped that it can give up the extreme left bank in near 

future along Panchanandapur-Khaskol belt and may the fortune of the local dwellers 

be granted for favours against the whims of bank erosion of River Ganga. But it 

should be speculated by all persons concerned that River dynamics is a natural 

process. We must not on this planet to disrupt any natural process.For our convinience 

to sustain peacefully we can only train or slightly modify any natural system , but that 

also be within a considerable magnitude and by satisfying human need only, not any 

of our greeds to be satisfied. Keeping in mind the complexity of sustinance now-a

days the changing human attitude in the developed countries is to cope up with the 

situation which has naturally imposed upon us. Thus it can be concluded that changing 

views can only change something. 
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List of Abbreviations, units, Symbol (s) and Syntax (s) 

Appearance Expressive Meaning 
Sq. km Square Kilometers 
N Northing 
E Basting 
SOI Survey oflndia 
Year -1 per Year 
M Meter/Metre 
Ha Hectare/Hectarage 
% Percentage 
Dist. District 
Rs. Rupees 
Sq. yards Square Yards 
hect. Hectare 
Km2 Kilometer square 
Mm Millimeter 
gm cc-1 gram per cubic centimeter 
m See:t-1 Meter per Second Square 
du Degree 
m s-1 Meter per second 
No. Number 
MC Million Cusec 
VIS Upstream 
DIS Downstream 
Js-1 Joule per Second 
Av. Average 
ft. Feet 
GTS Great Trigonometrical Survey 
Lac Lakh 
LC Left Channel 
cc Central Channel 
RC Right Channel 
Num. Numeric 
Km-1 per Kilometer 
X Mean 
Cumec Cubic feet per second 
Cusec Cubic meter per second 
KNim2 Kilo Newton Q_er square meter 
Year-1 per Year 
Rorr Co-efficient of correlation 
SE Standard Error 
C.I Confidence Interval 
d.f Degree ofFreedom 
Mov. Av. Moving Average 
SINo. Serial Number --- Std.D Standard Deviation 
P.S. Police Station 
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MT Metric Tons 
Rs ha-1 Rupees per Hectare 
mm3/m2 Cubic millimeter per meter square 
lt. sq m·1 Liter per meter square 
m sec·1 meter per second 
lt. m2-l Sec·1 Liter per meter square per second 
Cm Centimeter 
MT Metric Ton 
Ht. Height 
Ref Reference 
Fig. Figure 
N.B.U North Bengal University 
Deptt. Department 
W.B West Bengal 
I.W Irrigation and Waterways 
f.n FootNote 
Chap. Chapter 
Vol. Volume 
Govt. Government 
u.p. Unpublished 
Jr. Journal 
Fig. Figure 
sc Science Communication 
Ltd. Limited 
Pvt. Private 
Co. Company 
Pa Pascal 
c.f Cumulative Frequenc;y_ 
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APPENDIX I 

Some Useful Greek letters 

Greek Letter 

T\ 

e 

0) 

1t 

., 
't 

p 

0' 

'1. 

"' 
0) 

p 

0 

I 
a 

l 

v 
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Pronunciation 

eta 

Theta 

omega 

pi 

phi 

tau 

rho 

Delta 

Chi 

psi 

omega (capital) 

beta 

omicron 

summation 

alpha 

lambda 

Nu 

Kappa 



277 

APPENDIX II 

------ CONVERSION TABLES 

Linear Area Capacity 

Inches Centimeters Sq. Yards Sq. Meters Pints Utres 

.393701 2.!i39998 J.l9599 1 .83613 ).76072 1 .56195 

.787402 2 !5.079996 2.39198 2 1.67226 3.52144 2 1.13590 

1.181103 3 7.619994 3.58797 3 2.50839 5.28216 3 1.70385 

1.574804 4 10.159992 4.78396 4 3.34453 7.04288 4 2.27180 

1.968505 5 12.699990 5.97995 5 4.18065 8.80360 5 2.83975 

2.362206 6 15.239988 7.17594 6 5.01678 10.56432 6 3.40770 

2.755907 7 17.779986 8.37193 7 5.85291 12.32504 7 3.97565 

3.149608 8 20.319984 9 . .56792 8 6.68904 14.08.576 8 4.54360 

3.543309 9 22.8.59982 10.76391 9 7.52517 15.84648 9 5.11155 

Yards Meters Acres Hectares GaUons Litres 

1.093614 1 914399 2.47104 .40469 22009 4 . .54360 

2.187228 2 1.828798 4.94208 2 .80938 .44018 2 9.08720 

3.280842 3 2.743197 7.41312 3 1.21407 .66027 3 13.63080 

4.374456 4 3.657596 9.88416 4 1.61876 .88036 4 18.17440 

5.468070 ~ 4. "\71995 l2.35520 5 2.02345 1.10045 s 22.71800 

6.561684 6 5.486394 14.82624 6 2.42814 1.32054 6 27.26160 

7.655298 7 6.400793 17.29728 7 2.83283 1.54063 7 31.80520 

8.747912 8 7.315192 19.76832 8 3.23752 1.76072 8 36.34880 

9.842526 9 8.229591 22.23936 9 3.64221 1.98081 9 40.89240 

Miles Kilometers Sq. Miles Sq. Kilo- Weighb 

meters Ounces Grams 

.621372 1 1.609343 .38610 1 2.59000 .035270 I 28.349530 _....,-
1.242744 2 3.218686 .n220 2 5.18000 .070540 2 56.699060 

1.864116 3 4.828029 1.15830 3 7.77000 .105810 3 85.048590 

2.485488 4 6.43372 1.54440 4 10.36000 .141080 4 113.398120 

3.106860 5 8.046715 1.93050 5 12.95000 .176350 5 141.747650 

3.728232 6 9.656058 2.31660 6 15.54000 .211620 6 170.097180 

4.349604 7 11.26.5401 2.70270 7 18.13000 .246890 7 198.446710 

4.970976 8 12.874744 3.08880 8 20.72000 .282160 8 226.796240 

5.592348 9 14.484087 3.47490 9 23.31000 .317430 9 25.5.145770 

.... -·. ". '~ .. _ .. -~ ··. -~ .. ··. '~ -~ ··• ;·, '~--~ -~ ,.,_,._ ~-- ;· '~ ;;. ;:,. :;.;;. ,,_~;. ;·, ~ ".' -·· (Contd ••• ) 

- ---
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' Area Volume Weight ' 

~- Sq. Inches Sq. Centimeters Cu. Feet Cu. Meters · Poullds Kilo~ 
.. 

. .15500. 1 • 6.45163 35.31445 r .02832 2.204620 1 .453592 

:31000 2 . 12.90326 70~62890 2 .05664 4.409240 2 .9071R4 

46500 .3 19.35489 105;94335 3 .08496. 6.613860.3 1.360776. 

.62000.4 2.5.80652 141.25780 4 .11328 8.818480 4 1.814368 
.·. 

.77500 s 32.25815 176.57225 . s· .. .14160 11.023100 s 2~267960 
· ... 93000 6 .. 38.70978 . 2H.88670 · 6 .16992 13.221720 6 2.721552 

.. 

1.08500 7 45.16141 247.20115 7 . . 19824 .. JSA32340 7 . 3.175144 
.. 

. . 

1.24000 8 51.61304 282.51560 8• .22656 17.636960 8 3.628736 

1.3950(1 9 58.06467 .•. 3 tt83005 9 ·.25488' 19.841580 9 . 4.082328 
.. : . 

·sq. Meters· Cn. Yards · eu; Meters· .. 
. 

. Sq. Feet· Tons* Kilograms 
10.763&7 l .09290 1.30794 r .76456 .. 000984 t 1016.0470 

. 21.52774. 2 .1:8580 2.61588 2 1.52912 .001968 l 2032;0940 

. 32.29161 3 .27870 3.92382 3 .. 2.29368· .. .002952 3 3048J4ttr · 

43.05548 4. .37160 5.23176 4 3.05824 .003936 4 4064.1880 

53.81935 5 .46450 6.53970 .5 ·3,82280 .004920. s . 5080.2350 
: .. 

64.58321 6 .55740 .·• 7.84764 6 4.58736 .005904 6 6096·;2890 . 

75J4709 7 .65030 9.15558 7 5.35192 .006888 7 7172.3290 

86.11096 8 . .74320 10.46352 8 6.11648. ~P.9.1~J~.:=.~ ~l~l760 ... · .. 
. '• .. ... 

96.87483 .·9· .83610 ll.77146 '9 .. 6.88104 J)08856 99144.4230 
. . . . 

• I. metric funn~ = t,ooo kg. · 
.. 

. . 

(Courtesy: Khan, A.Z, 1998) 
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APPENDIX III 
Useful Unitary Conversions 

Weigh# 

10 Milligrams 

10 cmfun~ . "'l Decitlietle< 10 Centigrams 
=1 Centiai'am 
=lDecigtatn 

10 Decimefn: · · = 1 Meter< · . 10 Decignims ...... 1 <mun 
)QM~·· ... fo~::.· ··:ioGrarn$ : =- .• DeCagtain. .•. 

· . ·~I RectO~: l.O..~ :.· .. · =lH~er.·· ·:. 10I>Wipm8 
' . . . . . . . . .. 

·toH~et'S: · = 1 talometer 10·Hectograms · · · · · : •= l·Kilo~•· 
i 0 Kilograms . . "" 1 Quintal . 

. i 0 Quirital.$ =I Ton 

J 000 Kilograms =I Ton 

......... . . . .. 

. . . . . . . · ··· ·SqUweMeMUI'e Me#k Eq_uWaknts Lengtlt.· 
·,.o·· o·. s· ·q·.: .. ~·.ir.m·. ·t-.... :~.~.: .. :.. . •t· ~ ..... ~.:.... .... ,;.;.,,, . 

JYUQ~,~~D .~·-. ~~:~~~~~-- ·:: · 

. . . 

\ Millimeter = OJ)$937. 
·.Inches 

100 Sq. Decimetres · "" l Sq. Meter 1 Centimeter = 0.3937 
·Iricltes 

. ·. ;· ..... · .. : .. ·: ... :.: .. = ... ::.;-:~·.=: ·. :·. 

ioo sCI~id~: · .>:::.::~ysq.:O:C~~ • .. 

1 Meier: : 39.37ofli1ches . · 

lO.Sq.~~~. = l Sq. Hectameter .t Meter=: 3;2aos·F~ . 
. . . . . . . ... 

. · 10.0 Sq;·Hecwneter : = 1 Sq. Meter 

••.' 'z • 

Cubfc Met~:fll!! : . . . : . . . , . 
1 ooo cu: Min~~ 1 eu. · eent&netei ·· · 
1 OOOCu. Centimeters...;. lCu~ Dec~ .. 

. . . . . . . . . 

1000 Cu. ~ = 1 Cu. Meter' 

Li.nem- Measure 

12I~ches 

3 Fecf·· < · 
.·.· .. · 

. 22Y.~ 

= t Foot 
"'1 Yard 

<= l.Chain 

t ...... 

1. Meter;,., 1~0936yar~ 

1 Meter= o.s468t F&utoms 
.. ·. ·. ... . . . . 

1 Riloinetet"" 0~62137 
· Miles (land) : 

Area· 
. . . . . ... . . . . : 

1 Sq. Millimeter !;I·O~OOlSS sq:hidies: 
· 1 Sq: Centimeter·= 0.1 SSO Sq; Inches 

. 1 Sq. M~= 10.7~3~ Sq. Feet . 
t Sq. Meier= U9.S99 Sq. YardS 

·l H~ ~ 2.47~05 ACres .. 
1 Sq .. Kilometer= 247.1 os Acres· 

. · l Sq. Kilometer= cqs6·t S4).tikS . • . 

Avoii'dupol$ Weight 

16D~=iOun~ 

16 oun~ =l Po~ 
14 PoUnds= l ~ 
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1 o Chain$ ot 220 Y d$ = 1 FurlQng 
8 Furlo~ .,. 1 MUe 

Square Measure 

144 Sq inches = 1 Sq Foot 

9 Sq Feet= I Sq Yard llitre 

1210 Sq Yards= I Rood 

4 Roods .. 1 Acre { 4840 Sq ydi) 

640 Acres = 1 Sq Mile 

Llqui4 Mu.sfU'e 

10 Mmu~ "" 1 Centimeter 
10 ~il~ ... 1 Oecil~ 

10 Decilitres"" l Litre 

28 Pound$"" t Quarter 
4 Quartets "" 1 Cwt 

20 Cwt'a = 1 Ton,(2240 lbs) 

2000 Pounds • 1 Short Ton 

2240 Pounds'"" 1 Long Ton 

V<Jlume & Capacity 

1 Cu Centimetre "" 0.06102 Cu inches 

... 61.024 Cu inches 

1 litre ""'0.0353 Cu. Feet 

tlitro = 0.2642 US Gallons 

1 litre = 2.2200 UK Gallons 

1 Heetolitre ""'26.417 US Gallons 

l He<:toUtre = 21.997 UK Gallons 

1 CuMetrc=3,.~14~CuFe.rt 

·I Cu Mette= 1.30795 Cu yard£ 
I Cu Metre = 264.174 tlS Gallons. 

1 Cu Metre"' 219.969 UK Gallons 

Cubic Measwe 

l72$ 0._ inches.,. l. ~:f.~t> 
21 Cti Feet""' 1 eu ~ . 
128 CU Feet ... 1 Cu C<)rd(Wood) 

10 Litres ;= 1 Decalitre 40 Cu Feet""' 1 Ton (Shipping) 

t 0 Decalitres "' 1 Hec:tolitre 

10 Hectolitres = l Kilolitre-

Liquid Meame 

60 Minims "' 1 Fluid Draclun 

8 Fluid Dracbms = 1 Fluid Ounce 

20 Fluid Ounces "" 1 Pint 

4 Gills"" I Pint 
4 Quarts ... l Gallon. 

(Courtesy: Khan, A.Z, 1998) 

215042 Cu inches ... 1 US. Standard 
Gal 

I Cu Foot • About 4/S ·ora Bushel 

Meight (Man) 

I Miligram = 0.01643 Grains 

1 cmm "' o.o3S27 OurtQeS 

1 kilogram.,; 2.20462 Pounds 

I Metric Quintal= 220.462 Pounds 

1 Ton "' 2204.64 Pounds 
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APPENDIX IV 
..... 

Field Sheet for Calculating Streambauk .Erosion 

[Stream: Date: Name of Observer: 
.... -•n•••••••••••••n• 

• Right or Left Bank (circle one)- right or left is detennined when looking dowmtream 
: Describe Location: : 

.. 
• Length of Eroding Bank (ft) L = 
' _Ayerage Height ofEr~ding Bank (ft) H "" ·····-·-· . ........ ..... . .... ··················· .. 

• Recession ~~te. (~J: .......................................... _1il:~e.rt appropriate value 
· Soil Texture T= -- 0.3 clay, silty clay, silty day loam 

0.6 sandy clay~ loam~ silt loam 
l.Oloamy sands, gravel 

, Stream Alignment S= 0 J straight to slightly curved -···-
0.6 moderately curved : 

: 

...... .. l. 0 sbaiflly ~urved, near 99 ° . . . . . . . . . . . ... •' 

Vegetation at Top of Bank V::: OJ trees --
0.6 weeds, grass~ shrubs 

.. LO crop~ pasture, lawn, road 
· Stream Gradient G= -- 0.3 slight (few to no riilles) 

0.6 moderate (balance of pools & riffles) 

··················. 
1.0 high (primarily riffles) 

Bank Slope Bl= OJ slight (3: 1 or lt.>ss) - 0.6 moderate(> 3:1 but< I :l.l) 
.. .. .. . 1. o st~_e.p {t.: t~? .Y.~~i~~L..... .... .. . ........................ 
Slope of Inside Depositional Bar B2= 0.3 steep(> 3:1) onn,.••-

0.6 moderate(< 3:1 but> 10:1) 

········· ································ LO slig~t(< 10:1) ...... .. ; 

Recession Rate (RRs) ::: T x S x G x B.l x B2 ''' 
X X X X ... Soil \Veight {BD) lbs per cubic foot: • - -- -- --- - --

silts & days, 80 lbs!cubic foot: 
Volume of Soil Displaced (VD) = L x H x. RRs = loams, 90 lbsfcubic foot 

X X - sands, 1.00 lbs!cubic foot -- -- -- ··--
gravels, 120 lbslcubic foot• 

Tons of Soil Di!:.-placed TD = (VD x BD)i2000 = 

( .y.•y.•ooooooo,,x. '"~~-~-·•.).!. ~9.@. .. : • ·····································. ········· .. 

(Refer to Chapter IV) 
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