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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. 



243 

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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