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Chapter 1

v Introduction :-

Water governance in the Narmada river basin has been in the eye of a 

controversial storm from the time of independence. While initially the dispute had been 

between the riparian states over the apportionment of the use o f the waters of the river 

for large dam centred canal irrigation and hydro -electric power development later the 

dispute shifted to the appropriateness of this kind of development given the tremendous 

environmental and social costs associated with it (Paran jpye, 1990). This later 

problematisation of centralised water governance and people's mobilisation for a more 

decentralised, participatory and environmentally sustainable use of water resources has 

inspired a rich body of thought and action with regard to appropriate water governance 

not only in the basin but across the country and the world (Sangvai, 2002). The present 

review begins by detailing the geographical characteristics and resource endowments of 

the basin followed by a description of the status of agricultural and industrial 

development and their impact on the water quality. The dispute over river water sharing 

and its resolution is described next followed by details of some of the major projects 

under construction in the basin. The problematisatio n of centralised water governance 

by the Narmada Bachao Andolan and its culmination in the Supreme Court case is 

detailed thereafter. This is followed by a review of the various problems of large dam 

centred water resource development. Finally the various traditional and modern 

alternative approaches to water resource use and governance in the basin are described 

before concluding the review. 

The Narmada is the longest west flowing river in India. It raises from a spring at a 

height of 1057m above MSL on the summit of Amarkantak Hill in Shahdol district of 

Madhya Pradesh In the Maikal hill range. This area also gives rise to a tributary of the 

Ganges River, the Son River, just a few kilometers away. The Narmada basin lies between 

east longitudes 720 32' to 810 45'and north latitudes 21020' to 23045'. The total length 

of the Narmada from its source to its outfall into the Gulf of Cambay in the Bharuch 
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district of Gujarat is 1312 kms. The first 321 kilometers of its course winds among the 

Mandla Hills, which form the head of the Satpura Range till it reaches Jabalpur where it 

passes through the 'Marble Rocks' and enters the Narmada plains. The river runs 

another 745 kilometers through the plains before the Vindhyas and the Satpuras come 

close to t he banks of the river restricting it to a narrow gorge that extends for 87 

kilometers first forming the common boundary between Maharashtra and Madhya 

Pradesh and then between Maharashtra and Gujarat. There after it stretches for 159 km 

in the plains in Gu jarat to its outfall into the sea (CWC, 2006). Its principal tributaries are 

the Burhner, the Halon, the Heran, the Banjar, the Dudhi, the Shakkar, the Tawa, the 

Barna, the Kolar, the Ganjal, the Beda, the Goi, and the Orsang.

Narmada Flows on the North side of Maharashtra State. The Sub Basin of Five 

Sub Rivers of Narmada in Maharashtra like Devganga, Khat, Udai, Devnad and Katri are 

totally called as Narmada Basin for Maharashtra. Narmada Flows from North Side of 

Akkalkuwa and Dhadgaon Talukas of Nandurbar District and goes to Gujarat States. Total 

Basin of Narmada In Maharashtra State is 1048 Sq.Km. total Length of Narmada is 1312 

Km. Out of which 77.5 Km. Flows in Maharashtra. Basin Area of Narmada is 21’35’ to 

22’01’ N Longitude and 73’46’ to 74’42’E Latitude

World’s 2nd Highest Concrete Dam Sardar Sarovar on Narmada River at Navagaon

Dist. Rajpipala (Narmada Dist.) is combine project of four states Maharashtra, Madhya 

Pradesh, Gujarat and Rajasthan , which is the most beneficial project for Irrigation and 

Electricity Generation (1450 MW) and Development Purpose for these States. The Total 

Electricity Generate from Sardar Sarovar Project is 1450 MW.  As per the N.W.D.T. 

Award, sharing of power to be generated at Sardar Sarovar Project, among Madhya 

Pradesh, Maharashtra and Gujarat will be in the ratio of 57:27:16 respectively. 

Maharashtra will receive 27% share of 1450 MW hydel power   generated i.e. 10995.38 

MU of power is received as a share of power to GOM upto November 2017.
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Chapter 2

vHYDRO-GEOLOGY OF NARMADA BASIN

2.0 Introduction:-

The Narmada Basin is a smallest basin in Maharashtra State, mainly underlain by 

basaltic lava flow, volcanic trap. These lava flows are mostly horizontal, Joints, fissures, 

sheared zones and breccias occu r at several places, imparting secondary porosity to 

the flows. Lineaments are most important for ground water investigations in hard rock 

terrain and well located on or close to fractures traces, yield many times more water 

than well away from them. Alluv ium in found on both sides of the Narmada River and 

its tributaries ranging in depth from 2 to 20 m. The occurrence and movement of 

ground water is governed by topography, slope, litho logy , geological structures, 

fractured system, weathered zones and its thickness, drainage pattern, land forms, 

land use/cover and climatic parameters. Non -recharge worthy or hilly/rocky areas do 

not contribute to recharge. Dug wells, bore well and Tube wells are used for domestic, 

irrigation purposes, fishery purposes. Yield (including quality of ground water) of the 

ground water structures depends upon the geological formations, their location with 

respect to physiographic, diameter, depth etc.

2.1 GEOLOGY:-

Geology of the study region is homogeneous. It is mostly occupied by basaltic lava 

flows of the Deccan trap of late cretaceous Paleocene age and broad strip of alluvium 

along the Tapi River Fig.No.3.2. A small patch of Bagh beds of middle to upper 

cretaceous age occurs in North Western part of the study region. The basal tic lava pile 

in the north and south of Narmada River is grouped under Satpura groups respectively. 

The general thickness of the individual flows vary between 15 and 45 m. Bagh beds 

occur as inliers within the Deccan trap in the North -western part of the s tudy region. 

This formation consists of Nimar sandstone, limestone and shale. Limestone deposits, 

which overlies the nimar sandstone is exposed in Kewadi - Chapadi Plateau and Vami -

manibeli covering in area of 0.9 sq. kms with a maximum thickness of 45 mete rs. The 
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limestone is dark grey in colour, impure fine grained and has no industrial use. Shale 

bed near Vami is about 5 meter in thickness and is fossils ferrous. Large scale intrusive 

activity in the form of basic dykes is seen in the flows. The dykes ran ge from a meter to 

much as 20 meters and extent over 45 kms in length. Thick sequence of quaternary 

alluvium occurs in the Narmada valley. This consists of coarse to fine sand, gravel, silt 

grit, conglomerate and calcareous nodules. The district is tectoni cally disturbed as 

evidenced by the presence of numerous lineaments faults, intrusive and thick alluvial 

fills in the river valley. Hot springs are located on North east of Akkalkuwa and 

Chichora and are aligned parallel to the Narmada lineament.

The Narmada Basin is mainly 37% area covered by hilly and thick forest 

area of Vindya mountain ranges on Madhya Pradesh and Satpuda Mountain ranges on 

Maharashtra state sides and remaining 63% area covered by Deccan Plateau. The 

Narmada Basin is lies between Satpuda and Vindya Mountain ranges and covers 1049 

Sq.Km area on Akkalkuwa and Akrani Taluka of Nandurbar District of Maharashtra 

State. The Narmada River flows in Nandurbar District in Maharashtra State for a length 

of 74.50 K.M. The Narmada Basin is mainly underlain 70% by Deccan trap, 8% by 

basalt, 17% by alluvium and 5% by lameta. The Deccan trap exhibits steps like -

Topography. Individual flows are generally separated by thin beds of red bole. Red 

bole and Green bole range in thickness be tween 0.50 to 1.00 m, having fine grain and 

brick red and green in colour respectively, ferruginous and clayey in nature and 

indicates presence of vesicular and zeolitic trappean unit underneath. Generally, it 

serves as marker horizon. Red bole or green bo le acts marker horizon between two 

basaltic flows. Alluvium is found on both sides of Narmada River and its tributaries 

ranging in depth from 1 to 10 m and comprises reddish and brownish clay with 

intercalations of gravel and kankar. Loosely cemented coars e sand and gravels derived 

mostly from traps form thick lowermost horizons at the bottom of these alluvial 

pockets. In parts of Narmada Basin alluvium varies in thickness from few meters to 10 

m and includes conglomerates, gravel, pebbles, sand and silt an d clay bed. Lateritic 

capping over the basaltic flows has been observed rarely at plateau type area in some 
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areas of Narmada Basin. However, exact thickness of lateritic profile cannot be 

ascertained. These are formed as weathered of trap and basalt under tropical climate. 

Their thickness and lateral extent of laetrile is generally restricted.

Table Showing Stratigraphical Succession of Geological formations 

Figure showing Types of Rock formation



9

Figure Showing Geology in Narmada Basin Fig N.3.1
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Fig. No.3.2

2.1.1 ROCK TYPES

Ø Hard Rock Areas

v Deccan Trap Basalt

Deccan Trap includes several flows of basalt which are supposed to have 

extruded from fissure volcanoes. The flows are mainly of two types i.e., 

“Pahoehoe” and “aa” types, the former being very common. It is observed in 

north. The flows have been intruded by large number of dolerite dykes. The 

dykes are generally 1 m to 20 m in width. However, few dykes are as much as 50 

m wide. The dykes are aligned in an ENE - WSW direction and a few gave N-S or 

WNE-ESE trends. The ground water occurs under unconfined conditions in the 

near surface strata down to the depth of 20 m in the weathered zone of the 

vesicular/amygdaloidal Basalt, jointed and fractured units of massive Basalt. 

Ground water occ urs under semi -confined to confined conditions generally 

below 40 m depth beneath the red bole and dense massive Basalt in the 
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fractured or jointed massive/vesicular/amygdaloidal Basalt. On the elevated 

plateau tops having good areal extent, local water ta ble develops in top most 

layers and the wells in such areas show rapid decline water levels in post 

monsoon season and go dry during peak summer. In the foot hills zone the 

water table is relatively shallow near the water courses and deep away from it 

and near the water divides. In the valleys and plains of river basin the water 

table aquifer occurs at shallow depth and the wells in such areas do not go dry 

and sustain perennial yield except in extreme summer or drought conditions. 

The yield of the dug well s varies from 60 to 125 m3/day, whereas that of bore 

wells varies from 2 to > 20 m3/hr, however in most of the bore wells it ranges 

between 2 to 10 m3/hr.

Ø Soft Rock Areas

v Bagh Beds

The oldest geological formation met within the north -western part of the 

district is the Bagh beds of Middle to Upper Cretaceous age. They occur as 

inliers within the Deccan Traps over an area 9 km in length and 5 km in width. 

These rocks are conspicuously exposed on the banks of Devganga River and its 

tributaries. The formation comprises of Nimar Sandstone, Shale, grey Limestone 

and upper Sandstone. The Sandstone beds are porous and permeable and the 

Limestone holds water in the joints, fissures and solution cavities.

v Alluvium

Alluvial deposits of Narmada River valley occurs in l ong narrow basin, which are 

probably caused by faulting. About a 5% of the Narmada Basin is occupied by 

Alluvium. It consists of clays, silt, sand, gravels and boulders etc. The beds of 

sand and gravels are discontinuous and ventricular and pinch out later ally 

within short distance. They are mixed with large proportions of clayey material 

rendering delimiting of individuals granular horizons difficult. As per ground 

water exploration data Alluvium is encountered down to 100 m depth. Ground 

water occurs unde r water table, semi -confined and confined conditions in inter 

granular pore spaces of gravel and sand. The yield of the dug wells varies 
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between 150 and 200 m3/day, whereas that of exploratory wells varies from

0.27 to 7.40 LPs as per exploration data. The yields of the tube wells drilled by 

State ground water department /agency ranges from 20 to 250 m3 /hr.

Figure showing Faults in Narmada Basin

Fig. 2.3
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2.1.2 Drainage:

The study region as a whole lies on the drainage basin of the Tapi River except for a small 

area in north, which drains into the Narmada River. (Photo.no.2.4)

Figure Showing Drainage Boundary of Narmada Basin

Fig. 2.5
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Chapter 3

v SOIL :-

3.1 Soil Status

The total cultivable area of the Narmada basin is 1.049 lakh ha . Out of 1.049

lakh ha. About 63.43 per cent (0.665 lakh ha.) area comes under light type soil 

per cent (0.18 lakh ha.) area under medium type soil and 19.14 per cent (0.202 

lakh ha.) area under heavy type soil.

3.1.1 Soil type

Table 3.1.1: Area under different soil types in Narmada Basin

Sr. 
No Soil type Soil sub

type
Soil depth

(cm) Percentage Area (ha.)

1
Light

Very Shallow ( 0-7.5 cm) 16.72 17539

2 Shallow (7.5-25 cm) 46.71 48999

3 Medium
soil Medium Deep (25-50 cm) 17.43 18284

4
Heavy soil

Deep (51- 100 cm) 11.93 12515

5 Very Deep ( > 100 cm) 7.21 7563

Total 100.00 104900
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3.2 Soil Map

Map 4: Land Capability Classification of Narmada Basin

· Land use capability classification

Table 3.2.1: Taluka wise land use capability classification for Narmada Basin

Sr.

No.
Taluka

Classification

Class
Area

Ha. Class
Area

Ha. Class
Area

Ha. Class
Area

Ha. Total

1 Akkalkuwa 3724 5398 17660 15419 42201

2 Akrani 149 1188 3551 1041 5929

Total 3873 6586 21211 16460 48130
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Table 3.2.2: Taluka wise Soil fertility index

Sr. 
No

Taluka Part
Organic 

Carbon (%)
Available N 

kg/ha.
Available 

P2O5 kg/ha
Available K2O 

kg/ha

1
Akkalkuwa

I 0.21 to 0.40 281 to 420 31 to 50 301 to 360

II 0.21 to 0.40 281 to 420 51 to 65 above 360

Average 0.21 to 0.40 281 to 420 31 to 50 301to 360

2
Akrani

I 0.21 to 0.40 281 to 420 31 to 50 above 360
II 0.41 to 0.60 281 to 420 51 to 65 above 360

Average 0.41 to 0.60 281 to 420 31 to 50 above 360

Total 0.41 to 0.60 281 to 420 31 to 50 301 to 360

Table 3.2.3: Soil Fertility Status

Sr. 
No

Fertility 
class

Organic 
Carbon (%)

Available N 
kg/ha.

Available 
P2O5
kg/ha

Available 
K2O kg/ha

1. Very low VL Up to 0.20 Up to 140 Up to 15 Up to 120

2. Low L 0.21 to 0.40 141 to 280 16 to 30 121 to 180

3. Medium M 0.41 to 0.60 281 to 420 31 to 50 181 to 240

4. Average AV 0.61 to 0.80 421 to 460 51 to 65 241 to 300

5. High H 0.81 to 1.00 561 to 700 66 to 80 301 to 360

6. Very high VH
more 

than1.00
more than 

700
more than 

80
more than 

360
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Map 3.2.4: Taluka wise Soil Fertility index
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3.3 Taluka wise soil sample analysis

Statement showing the No. of soil sample analyzed and Taluka wise availability 

of N, P, and K.

Table 4.3.1: Taluka wise soil sample analysis

Sr.
No. Taluka No. of soil sample 

analyzed

Availability of N,P and K

N2
P2
O5

K2
O

1 Akkalkuwa 7862 M VL VH

2 Akrani 4061 M VL VH

Total 11923 M VL VH

From soil sample analysis, it is observed that the Narmada Basin having large 

area under light soil with low t o medium Nitrogen availability, very low 

phosphorus and very high amount of avai lable potassium.

3.3.1 Land use Pattern and land holding

Land use pattern explains how effectively land resources are utilized for 

different purposes in a territory. Developme nt in irrigation and growth in 

population are the two important factors, which mostly decide the land use 

pattern of any state. Table 4.3.1 presents the detailed land use pattern of the 

Nandurbar Narmada Basin. It can be seen from the table that out of 

geographical area, about 32 percent of land is under non agricultural usage i.e. 

forest, land under non -agricultural use, cultivable waste, permanent pasture 

and miscellaneous trees and groves. About 5 percent land is as current and 

other fallow and about 58 percent of land is sown. Thus, altogether about 23 

percent of land is available in the form of cultivable waste, permanent pastures, 

land under tree crops and grooves, current as well as other follows, which can 

be brought under productive use with a prope r wasteland development 

programmed. The cropping intensity of the Narmada Basin is 94.29 percent, 

which is marginally lower than the state average (127.9 percent).
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Table 3.3.2: Land utilization in Narmada Basin as compared to Maharashtra state

Sr.No.

Maharashtra Narmada Basin

Area % Area %

1 Geographical Area 3075800 100 10490
0

100.0
0

2 Area Under Forests 52100
16.9

4
21651 20.64

3

Land not available for cultivation

a) Barren & Un cultivation 172800 5.62 3451 3.29

b) Land put to non-agric. Use 145000 4.71 2413 2.30

4

Other Uncultivated land
a) Cultivable waste land

b) permanent pastures and
grazing lands

241300 7.85 850 0.81

5 Current fallows 137800 4.48 273 0.26

6 Other fallows 119200 3.88 5213 4.97

7 Net area sown 1738600
56.5

3
61377 58.51

8 Area sown more than once 572000.0 18.6 3860 3.68

9 Gross cropped area 2310600 75.1
2

65237 62.19

10 Cropping Intensity 127 94.29

The land holding pattern of Narmada Basin for the year 2011 is presented in Table 

4.3.2 it can be seen from t he table that about 65 percent of farmers have land 

holding below 2 hectares (marginal and small farmers) but hold only about 37 

percent of total land holding of the Narmada Basin. However, about 6 percent of 

medium and large farmers (4 and above) have abo ut 21 percent of total land and 

remaining is with semi -medium farmers. Therefore, the average land holding of 

the marginal farmer and small farmer of the N armada basin is 0.67 and 1.42 

hectares respectively.
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3.4      Crops and cropping pattern

The Geograp hical area of Narmada Basin is 104900.00 ha. Of which 65237.00 

(62.19 %) area is cultivable, which is low as compared to geographical area and 

therefore there is a wide scope to increase the area under cultivation. The soil

type in the Narmada Basin is 63.43 % light 17.43 % medium and 19.13 % are 

heavy soils. The annual average rainfall of the Narmada basin is 872.00 mm. 

Agro ecologically Narmada Basin is divided into four ecological situation as 50 % 

Scarcity Zone, 50 % Sub Mountain Zone. On an average 15. 30 percent of the 

cultivated area (16050.00 ha.) is under irrigation of which 8.00 % is under well 

irrigation and 7.00 per cent area is under lift irrigation. The irrigated area under 

canal irrigation is less in Akrani Taluka and Akkalkuwa taluka’s of the Narmada 

Basin.

Normal area under kharif crop is 64000.00 ha. Kharif season is the most 

predominant season. Kharif jawar, cotton, Bajara, kharif paddy are the main 

crops. Whereas tur, green gram, black gram, sunflower and groundnut are 

second important crop s. Maize and Soyabean is fast emerging crop of the 

Narmada Basin. In rabbi season rabbi Jawar, wheat and gram are predominant 

crops. Groundnut, Bajara and sunflower are taken in summer season. In hilly 

area of the Narmada basin vari and other hill millets are predominant crops. The 

productivity of hill millet is very negligible. Paddy is taken in both irrigated as 

well as rain fed condition. No other factor is as critical to paddy production as 

the moisture stress at the reproductive stage of the crop. Yiel d reduction from 

lack of water during reproductive stage can lead to serious losses in paddy 

productivity. Tur is mostly taken as inter crop in paddy, jawar, cotton and maize 

crop. Horticulture crops like mango, Papaya, banana chilly, cauliflower, cabbage,

brinjal, onion and beans are important crops. The agricultural production and 

productivity of principal crops is low and fluctuating as compare with Narmada 

Basin. Narmada Basin as a whole only 20.50 % area is under cash crop/high 

valued crops and 5.21% a rea under horticulture crops, which is in an 
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undeveloped stage with few exceptions requires additional inputs for reaching 

optimum level of productions. Aamchur is famous local value added product of 

mango prepared from local verities of mango, it fetches good market price. 

Chilly is also very remunerative crop. Chilly pockets have all ready been 

developed in the Narmada Basin.

Table 3.5.1: Taluka wise and source wise irrigated area in the Narmada Basin

Sr.
No

Taluka Medium Minor
Wells / 

Bore well Total

% To total 
irrigated 

area 
dist

1 Akkalkuwa 0 269.10 3580 3849.10 8.28

2 Akrani 0 331.15 2100 2431.15 5.23

Total 0 600.25 5680 6280.25 100

Table 3.5.2: Sources of Irrigation water

SR.
NO. Taluka

Irrigation Source (No.)
Under 

Ground/ 
Storage

Dam

Lift 
Irrigation 

Dam
Open
wells

Agriculture Pump

Diesel
pump

Electric 
Pump

1 Akkalkuwa 32 0 477 75 1569
2 Akrani 42 0 108 101 729

Total 74 0 585 176 2298
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Table 3.5.3: Irrigated area distributed under different crops cul tivated in the 

Narmada Basin

Sr.

No.

Crops
Total 

area (ha)
Irrigated 
area(ha)

% to 
total 
area

Distribution of Irri. 
Area under 

different
Crops

(%)
1 Kh.Jowar 13396 1153 8.61 1.8

2 Rice 4966 461 9.28 0.72

3 Maize 6547 1262 19.28 1.97

4 Bajara 9997 179 1.79 0.28

5 Other Kh. Cereals 1728 1267 73.32 1.98

6 Tur 5350 294 5.5 0.46

7 Mung 8032 429 5.34 0.67

8 Udid 4058 70 1.72 0.11

9 Other kh. Pulses 1101 160 14.53 0.25

10 Soybean 5542 896 16.17 1.4

11 Fruits, Vegetables, 
spices etc

3283 109 3.32 0.17

Total 64000 6280 158.86 9.81
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Table 3.4.1: General Distribution of Area under Different Crops

Sr.No. Crops
Area 
(ha)

Distribution of area under 
different crops (%)

1 Kh.Jowar 13396 20.93

2 Rice 4966 7.76

3 Maize 6547 10.23

4 Bajara 9997 15.62

5 Other Kh. Cereals 1728 2.7

6 Tur 5350 8.36

7 Mung 8032 12.55

8 Udid 4058 6.34

9 Other kh. Pulses 1101 1.72

10 Soybean 5542 8.66

11 Fruits, Vegetables, spices etc 3283 5.13

Total Kh. Season 64000 100.00

3.4.2 Farming system

The major occupatio n of most of the population of N armada basin is still 

agriculture and they are dependent on agriculture. The following major farming 

systems are observed in the Narmada Basin.

1. Agriculture – Dairy – Horticulture

2. Agriculture-Dairy

3. Agriculture - Dairy-Vegetable

4. Agriculture –Horticulture-
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3.5 Irrigation and Groundwater:

Nandurbar Narmada Basin has a net sown area (NSA) of 2.95 lakh hectares of 

which net irrigated area accounts for 0.46 lakh hectares. This indicates that only 

15 per cent of net sown area is irriga ted. The percentage of net irrigated area to 

net cropped area in Shahada, Navapur and Nandurbar is 46 per cent, 19 percent, 

13 per cent, respectively. The percentage of irrigated area in the rest of the 

talukas is much lower than Narmada Basin Average.
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Chapter 4

v Land use pattern

The table given below reveals that total geographical area of Narmada basin is 

1048 Sq. Km, of which maximum 63 Thousand Ha. Area is under Cultivable whereas Area 

under pasture and trees is 4 Th.Ha. The basin co nsists of forest area to the extent of 44 

Th.Ha. Also 4 Th. Ha. Of barren land which can be developed into vegetative cover by 

planting typology of tree species. The basin consists of about 2 Th.Ha. Under non-

agriculture use. The total cultivable land in the basin is 63 Th.Ha.

The overall picture shows, that about 40% land of the basin is said to be under 

non-agricultural use i.e. forest , un-cultivable waste, barren and fallow land. These lands 

can be converted into dense tree cover which will help to enha nce vegetation of the 

basin. Part of this land (uncultivable waste and barren) can be used for developing 

industries or urban habitations.

Table 1: Land Use Pattern

Sr.No. Type of Land Use Area (Thousand ha.)

1 Net sown area 59

2 Cultivable Area 63

3 Area under Forest 44

4 Second crop Area 5

5 Perennial Net Sown Area 3

6 Miscellaneous Land Under Trees 4

8 Barren Land 4

9 Land under Non-Agricultural Land (N.A.) 2

Source: - Maharashtra jal sinchan Aayog 1999

For hydrological calculations the geograp hical area of total basin is considered as 
1048 sq km.
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4.1 Cultivable and Non-Cultivable Area

As indicated in the table given above the basin comprises of 63 Th. Ha. 

Cultivatable area and has 59 Th. Ha. Net sown area. This indicates that there is much 

scope for enhancing gross cropped area of the basin if maximum area could be brought 

under agriculture in different seasons. However it will need additional irrigation facilities. 

The basin has total 44 Th. Ha. Forest area and 8 Th. Ha. Uncultivable waste lan d. The 

forest and un-cultivable land of the basin is a significant asset and needs to be developed 

into productive asset by applying waste land development measures. Some part of this 

area can be used for development of industrial or urban habitations.

The pulses and oils seeds are that includes Tur, Gram, Soyabean, ground nut etc. 

Sugarcane area in the basin is 1 Th. Ha. The area under other crops including Cotton is 5 

Th. Ha. 

Table 2: Details of Land

Sr. No Particulars Area (Thousand ha)

1 Cultivable area 63

2 Net sown area 59

3 Forest land 44

4 Uncultivable waste land 8

4.2 Existing Cropping Pattern

The basin grows wide crop range that includes Rice, Wheat, Jawar, Bajra, 

Sugarcane, Cotton, Groundnut, Oil Seeds , etc . Maximum area is seen under ce reals 

which include jawar, bajara, maize, paddy, Wheat etc

There is scope for increasing area under horticultural crops (fruit crops) in the 

basin. There is need of curtailing area under annual crops like Sugarcane, so that 

seasonal crops can be grown on more area in the basin. 
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Table 3: Existing Cropping Pattern

Crop Total area (Thousand ha)

Rice 2

Wheat 2

Jawar 11

Bajra 12

Sugarcane 1

Cotton 5

Groundnut 8

Oil Seeds 9

Other 12

Total 63

Source: - Maharashtra jal sinchan Aayog 1999

Table 4: Physical Features

Source: - Maharashtra jal sinchan Aayog 1999

4.3 Conclusions and Recommendations:

The overall picture shows, that about 30% land of the basin is said to be under 

non-agricultural use of which about 40% land is either forest or un -cultivable waste/ 

barren land. These lands can be converted into dense tree cover which will help to 

enhance vegetation of the basin. Part of this land can be used for developing industries 

or urban habitations. 

Sr.

No.

Basin Geographical 
Area (Sq. Km)

Percentage 
with total 

geographical 
area

Cultivable

(Thousand Ha)

Percentage 
with total 
cultivable 

area

1 Narmada 1048 0.34 64 0.28
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Needful arrangements are required to enhance number of agriculture colleges, 

schools, research stations, and training centers in the basin for better extension services 

to different stakeholders.

The infrastructure required for better agri -business like agro-input service centers, 

irrigation equipment centers, green houses, grain storages, cold storages, credit 

facilities, etc is ina dequate to cater the needs of farmers from the basin. So, necessary 

efforts are required for increasing numbers of these units in the basin. 

More emphasis shall be given on promoting seasonal short duration and high 

yielding crops (pulse, oil seed, vegeta bles etc) in almost all the sub -basins. Focused 

efforts should be made to bring all the irrigation under micro -irrigation systems by 2030. 

Every farmer is to be empowered with shade net/poly -house, farm pond/well and so on, 

so as to have rounded the year employment on his own farm.

A broad analysis for assessing the ultimate irrigation potential of Narmada basin, 

taking into account the water availability from all sources including recycled water and 

return flows and resorting to modern irrigation systems. Focused efforts are needed to 

promote short duration seasonal crops with a dose of protective irrigation.  

There is an acute shortage of climatologically observation centers (rain gauge, 

river gauge, evaporimeter, sunshine recorder, wind vane etc) in the basin. Efforts are 

needed to make good the shortage immediately. There is need to have at least one rain 

gauge station and evaporimeter in each of the villages of the basin.  
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Chapter 5

v River System:-

Common border of Narmada River along Madhya Pradesh and 

Maharashtra is appro. 35.42Km.long. Also Along Gujarat and Maharashtra Appro. 35.42 

Km Long. In these area very small pockets of land is available for irrigation. Among the 

River Devganga (36 Km) is main river with flows along Gujarat and Maharashtra.

Also Udai river (90Km Long), Devnad and Katri combines from 70 km. 

Khat river which origin ate from Molagi Tal. Akkalkuwa and ends at Chinchkhedi Tal. 

Dhadgaon in Narmada River. Zarkhal River which flow along border of Maharashtra and

MP end in Narmada River. Rain gauge Station is established at taluka place itself at 

Akkalkuwa and Dhadgaon. Also in Dhadgaon Taluka new Rain gauge station is started at 

1) Assail 2) Binary 3) Kakaripati from 1984. Also on Udai River, this Discharge 

measurement station is established. There is no discharge measurement station in 

Akkalkuwa taluka on Devganga and Devnad River.

Details of Main and Sub Rivers...

Sr. 
No.

Main 
River

Sub River Length Rising Point Junction Point

Place Level Place Level

1

Narmada

77.50*
Amarkantak 

(M.P)
780

Bharuch, 
Gujarat

0

2 Udai 90 Dab 875 Bhusha 98.5

3 Devnad 35 Umitamal 800 Sonkhurd 300

4 Katri 26.50 BajriPatti 800 Sonkhurd 300

5 Khat 22 Molgi 610 Chinchkhedi 97.5

6 Devganga 36 Walamba 600 Manibeli 50.2

Sub Basin Area of Narmada is 21’35’ to 22’01’ N Longitude and 73’46’ to 74’42’E 
Latitude
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Chapter 6

v Surface and Ground Water Availability

A) Surface water Availability: -

The NWDT Award covers allocation of water to the party States, FRL of Sardar Sarovar 

and Narmada Sagar Dams, Full Supply Level of Narmada Main Canal, sharing of cost and 

benefits, regulated releases to be made by MP, apportionment of cost of Sardar Sarovar 

dam between irrigation and power, setting up of machinery to implement the Award, 

period of operation of certain clauses of the Award. The details of the above are:

1. Utilizable quantum of waters of Narmada at Sardar Sarovar Dam on the basis of 

75% dependability was assessed on 34537.44 Mcum (28 Maf).

2. The shares of the 4 party States in the above quantity allocated as under:

Madhya Pradesh 22511.01 Mcum

Gujarat 11101.32 Mcum

Maharashtra  308.37 Mcum

Rajasthan 616.74 Mcum

Total  34537.44 Mcum

B)  Ground water Availability: -

The Ground water yield depends on the underlying rock structure that as 

mentioned earlier consists of the following rock classes -

(I) Granite gneisses and meta-sedimentary rocks in the hilly upper watershed regions.

(ii) Gondwanas comprising sandstones, lime stones & marbles in the up per watersheds

And also in the plains.

(iii) Basaltic Deccan Traps which cover most of the basin.

(iv) Quaternary alluvium along the river courses The alluvial deposits form prolific 

aquifers where tube wells can yield in the range of 50 - 80m3/hr. The yield of tube wells

in sand stones of Gondwanas ranges between 20 -30m3/hr where as in limestone’s of 
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Gondwanas it varies between 50 -80m3/hr. The yield of tube wells in basalts ranges 

between 20-30m3/hr.

The Average Water Availability in Na rmada Sub Basin in Maharashtra State is 

308.37 Mcum in Ground Water. The Water Availability is given from Database 

information for the year 1998 to 2016 (18 years ).

In this Sub Basin, The Rainfall Gauge Station i s on Udai River and th e partial 

information of Rainfall is available and given below.

There is variation of rainfall in Narmada basin along the Maharashtra state in the 

taluka Akrani (Dhadgaon) ranging from 842.00mm in the Year 1998 and maximum 

1955.00 mm in Year 2006 perhaps in Akkalkuwa taluka rainfall ranges from 1148 mm in 

the Year 1998 and maximum 1999.3mm in Year 2013. 

Source: Maharain.gov.in (official gov.web site)
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Source: Maharain.gov.in (official gov.web site)

The basin is bounded on the north by the Vindhyas, on the east by the Maikala range on 

the south by the Satpuras and on the west by the Arabian Sea. The River Khat and River 

udai lies in s ub basins of Narmada River Maharashtra. Also the Za rkhal River lies on the 

boundary of MP and Maharashtra at village Bhadal Tal.Akrani and Devganga River

originate in Gujarat state perhaps it concrete at village Manibeli Tal. Akkalkuwa state 

Maharashtra.

���������������The water availability in sub basin is 8000m 3 to 12000m 3 Per Ha . (3) As noted 

above the rain fall variation in River Katri and River udai i.e. in taluka Akrani with average 

rainfall of 761.4 mm and 1027.3 mm respectively. The drought prone areas along 

Narmada basin are located at higher altitude and longer distance.  
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Chapter 7

v Water Resources Development

7.1 Surface Irrigation

7.1.1 Preamble

· Need of Water Resources Project

Water is one of the principal resources essential for human existence and it is required 

for various purposes such as drinking and domestic water needs, agriculture, industry, 

hydro and thermal power generation, survival of environment and many others. 

Availability of water in Narmada Basin in Maharashtra, for the most part, is from the 

monsoon rainfall available from June to October which is unevenly distributed over both 

space and time, whereas water demand for above purpos es, excepting for the 

agriculture to a certain extent, is mostly evenly distributed over both space and time. 

The scenario dictates need of development of water resources.

Classification of Projects

The rationale behind a Water Resources Development Proje ct could be 

multifaceted. It could serve one or more sectors described here in above. Amongst this 

irrigation is the leading sector consuming about 75% of the water used though these 

projects as perceived from the domestic scenario. Irrigation involves app lication of 

external water to crops, presently mostly by flow through open channel systems. Lift 

irrigation is provided for lands at higher elevation where irrigation under gravity is not 

possible.

The projects are categorized as Major, Medium, and Minor (MI1, MI2 and MI3) 

based on Irrigation Command Areas as per following table 7.1
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Table7.1: Project Categorization

Sr. No. Category ICA (Ha)

1 2 3

1 Major Above 10,000 ha

2 Medium Between 2,001 to 10,000 ha

3 Minor Irrigation-1 Between 251 to 2,000 ha

4 Minor Irrigation-2 Between 101 to 250 ha

5 Minor Irrigation-3 Between 1 to 100 ha

· Interstate Aspect

Narmada River rises near Amarkantak in Madhya Pradesh at an elevation of about 

900 m and flows along with its tributaries through Madhya Pradesh, Ma harashtra, and 

Gujarat for about 1312 km before out falling into the Arabian Sea through the Gulf of 

Cambhat in Gujarat. Out of this 77.50 km. length flows North boundary of Maharashtra 

state. The water potential available in Narmada Basin belongs to these states. The GOI 

decided to set up the Narmada Water Disputes Tribunal (NWDT) in 1969 under the 

Interstate River Water Disputes Act 1956 to adjudicate on the dispute relating to sharing 

of water of the interstate Narmada and its valley.

After ten years of deliberations, the Narmada Water Disputes Tribunal (NWDT) 

gave its award in December 1979. The NWDT, considering the development of the water 

resources of the basin as a whole, gave its award, allocating share of water and Hydro 

Power of the Sardar Sarovar Project.

The Tribunal’s final order determined the utilizable quantum of Narmada waters 

to be 28.00 Million Acre Feet (34537.44 Mcum) at 75% dependability and allocated it to the 

four states, as in Table 7.2 below, including share of power benefits. It also stipulated the 

share of water when utilizable flow in excess or shortage of 28.00 Million Acre Feet

(34537.44 Mcum) in any Water Year. The Navagam dam (S.S.P.) height was fixed a t full 

reservoir level (FRL) 455 feet (138 .68 m) with a maximu m water level of EL 460 feet 
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(140.21 m) The Full Supply Level of the Navagam canal was fixed at 300 feet (91 .44 m). 

The cost sharing formula among the states and the consequent requirement of release 

of regulated releases from the Narmada Sagar dam by MP w as also spelt out. The 

resettlement and rehabilitation package was also clearly specified with all costs to be 

borne by Gujarat for all resettlement and rehabilitation work of people affected in the 

Madhya Pradesh, Maharashtra, and Gujarat states and also for relocating any ancient or 

historic monuments, places of worship or idols likely to suffer submergence.

Table 7-2: Allocated share of water and Power to party states

Party States Allocated share of water % share of power

Madhya Pradesh 18.25Milion Acre Feet (22511.01 Mcum) 57

Gujarat 9.00 Million Acre Feet (11101.32 Mcum) 16

Maharashtra 0.25 Million Acre Feet (308.37 Mcum) 27

Rajasthan 0.50 Million Acre Feet (616.74 Mcum) Nil

Total 28.00 Million Acre Feet (34537.44 Mcum) 100

· Water Resources Development Planning

Water Resources Development Planning for sub basin is based upon the available 

water resources in the sub basin subject to agreement Dated 8 march, 1975 between the 

government of Gujarat, Rajasthan, Maharashtra and Madhya Pradesh regarding 

development of Narmada water. 

It is agreed that the development of the Narmada water should no longer be 

delayed in the best national interest, the party- states to the dispute, therefore agree to 

cooperate with the Tribunal in giving the decision at the earliest. Without prejudice to 

the decision of the Narmada Water Dispute Tribunal and also without prejudice to the 

claim of the four party -states, namely Gujarat, Rajasthan, Maharashtra and Madhya 

Pradesh.
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I. Gujarat may go ahead with the construction of Ka rjan, Beran, Rami and Sukhi 

projects subject to usual scrutiny and approval by the Government of India. 

Maharashtra has small catchment area in Karjan sub basin. Maharashtra will be 

allowed to utilize Karajan water from its catchment in Maharashtra.

7.1.2 Flow Irrigation

Flow irrigation is an open channel hydraulic system starting from reservoirs and 

comprising conveyance system - canals, branches and distributaries, distribution network 

-minors and sub minors leading up to outlets and field application - field channels and 

turn out points beyond the outlets.

7.1.3 Water Availability

Water potential in sub basins of Narmada basin in Maharashtra has been 

estimated as described in Chapter 6 “Hydrology (Surface)” specifically devoted to the 

objective. This has been vetted and approved by the Chief Engineer, Hydrology Project, 

Nasik, the Apex Agency designated by Maharashtra WRD.

The water potential in a sub basin is made out from the estimated for 75%, 50% 

dependability and average yield volumes. The relevant s pecifics are as follows:

1. Storages capacity of a reservoir of a major or medium project conforms to 

75%dependable yield.

2. Storages capacity of a reservoir of a medium project in draught prone area and 

a minor irrigation project conforms to 50% dependable yie ld.

The process used is more or less compliant to the hydrological principles. The yield rates 

for 75% and 50% dependability and average vary from 0.12 to 0.18, 0.17 to 0.25 and 0.18 

to 0.28 MM³ /sq-km respectively in drought prone area, about 0.35, 0.45 an d 0.50 

Mm3/sq-km for normal area and about 0.5, 0.55 and 0.6 MM³/sq-km for comparatively 

good rainfall area.
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7.1.2.2 Present Scenario

· Surface Water Based Irrigation

This sub paragraph describes the present status of surface irrigation interventions in 
various sub basins. The details presented include number of projects in different 
categories, their designed live storage capacity and irrigation potential. This information 
can also be comprehended status wise. Sub basins included in the exercise have been 
covered duly. The information available regarding realization of storage and irrigation 
potential has also been juxtaposed. The observations are discussed upon as 
appropriate.

The specifics for sub basins in Narmada Basin in Maharashtra are summarized in 
following table 7.3

Table 7-3: Status of Irrigation Projects

Sr. No. Sub Basin Project Status Total 

Project Category & Attribute Completed Ongoing

1 2 3 4 5

1 Narmada

a) Major

I) No. 00 00 00

ii) Storage Mm3 00 00 00

iii) Irrigation Ha 00 00 00

b) Medium

I) No. 00 00 00

ii) Storage Mm3 00 00 00

iii) Irrigation Ha 00 00 00

c) Minor (State)

I) No. 01 00 01

ii) Storage MM³ 0.88 00 0.88

iii) Irrigation Ha 105 00 105
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The CCA is in conformity with the original projected potential. These figures correspond 

to system efficiencies varying from 100 Ha to 150 Ha per Mm 3 of live storage. The above 

data could not be updated. Many a modifications have been enforced on accoun t of 

increasing reservations for non -irrigation use. Further the revision in hydrology has not 

been reflected in the planning. It is necessary to redefine the scope of the projects for 

realistic planning of the irrigation water use and evaluation thereafte r. The aim shall be 

“enhancing the efficiency” and can be achieved through adoption of PIM, VM, pipe 

distribution, micro irrigation, reuse, recycling etc.

The major observations emerged and analysis and recommendations thereupon 

are as follows:

· Irrigation Development

In sub basin some projects are under of construction. However, due to lack of 

maintenance, this infrastructure is becoming redundant. Though not specifically 

mentioned, the picture of the infrastructure is more or less same for o ther sub basins as 

well. The scenario of low utilization and poor service of delivery is the result of a vicious 

circle.

· Forest Land

In sub basins have been held up due to want of forest land acquisition and 

environmental clearances. Irrigation projects a re held up due to forest conservation act. 

The projects are held up for over a decade and getting forest clearance to them in near 

future is quite unlikely. Therefore, there is a need to go for alternative & probably 

smaller projects affecting lesser forest land. However a radical policy change is the key to 

solution of the time.
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· Irrigation Management

Looking to the low overall irrigation efficiency the need of the time is to invest on 

improvement of overall system efficiency. This will include reductio n in reservoir and 

conveyance/ distribution network losses, increasing field efficiency and policy changes.

· Local Opposition

Implementation of many projects has been held up due to local oppositions from 

the farmers being affected. The problems in land ac quisition and rehabilitation have 

assumed a serious proportion.

· Ground Water Based Irrigation

The Narmada basin is dotted with a substantial large number of dug wells/bore 

wells in command area of irrigation projects as well as in the un -command area. The

wells in the command area facilitate conjunctive use of water whereas the wells outside 

provide an independent facility for drawing upon the ground water. Electric pump sets 

have been installed on almost all the wells that are in use. This has resulted in

increasingly heavy draft of groundwater.

The statistics covering the numbers of wells, area irrigated on wells, connections 

and energy are monitored by Agriculture Department, Government of Maharashtra. The 

relevant details of the sub basins are given in following table:

Table7.1: Well Irrigation in Narmada Basin

Sr. 
No

Sub Basin
Area under Wells (Ha)

Remark
Command Un command Total

1 2 3 4 5 6

1 Narmada 731 00 731
Due to adverse condition of ground, 

GW is less available

The average irrigation is 1.5 Ha/well for the sub basins.
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7.1.3 Lift Irrigation

This sub paragraph covers Surface Water Irrigation based upon Lifting of water 

from various sources. The water is lifted by means of pumps from the source and 

conveyed through the rising mains to the main d elivery chamber that is situated at the 

top most location in the command area. This water is further conveyed and distributed 

amongst the beneficiary farmers by means of suitable secondary and tertiary systems.

Whereas the system for taking the water to t he main delivery chamber makes use 

of pumps, the distribution system is typically completely gravity -based, and has to be 

designed solely on the basis of the available hydraulic head. In addition, the area to be 

irrigated is scattered and has varying topography, and each farm is of a different size, so 

it can be a challenge to design a gravity -based system that delivers a fair volume of 

water to each farmer. Several mechanisms have been developed to meet these 

challenges.

In the most prevalent system, the area under irrigation is divided into different 

blocks according to topography determined by contour plan. The water requirement for 

each block is determined, and pipe lines are designed for these blocks depending on the 

available head and required dischar ge. Field delivery chambers are then constructed on 

the distribution pipe lines, and valves are fitted to control the flow of the pipe lines, with 

flow from the main delivery chamber controlled by these valves. In this system, lines for 

lower fields have m ore discharge, because the force of gravity is greater, so water 

distribution can be unequal.

In other systems, the area is divided into three or four equal parts, and each part 

is given the entire discharge for one day. This means each part gets rotation of the full 

design discharge on the fourth or fifth day. Again, however, water distribution can be 

unequal, and alternate methods of distribution have been proposed to deal with this 

problem.
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· Source

The sources for lift irrigation schemes, nature and o bjective are summarized in 
following table 7.5:

Table 7.2 Sources, Nature and Objective of Lift Irrigation Schemes

Sr. 
No.

Source Nature Objective

1 2 3 4

1
Rivers and 
Streams

K.T. weirs/Diversion weirs for 
harnessing post monsoon flows as 

well as post monsoon releases from 
reservoirs

Provide irrigation facility where 
flow irrigation is not available

2 Reservoirs Pumping from reservoirs
Provide irrigation for fringe area 
above the submergence spread 

and Galper lands

3 Canals Pumping from main contour canal
Provide irrigation for higher level 

command

· Agency

Lift irrigation schemes in various sub basins in Narmada Basin in Maharashtra are 

either Government Schemes or Private Schemes.

· Scenario

The present scenario for the Narmada basin there are no more lift irrigation 

schemes existing and future planned.

7.1.4 Sedimentation

Sedimentation is the tendency of particles in suspension to settle out of the fluid 

in which they are entrained and come to rest against a barrier. In geology, sedimentation 

is often used as the opposite of erosion. Sedimentation is the termination of the settling 

process.



42

Assessment of sedimentation is done by carrying out through analytical processing 

as well carrying out hydrographic survey at regular interval. This is weighed ag ainst the 

assumptions made in planning and designing. Remedial measures for controlling 

incoming sediment load are proposed where sediment estimation is much higher than 

the considered in planning and designing.

· Scenario 

The scenario for sedimentation in Narmada Basin in Maharashtra is summarized in 

the following table 7.6

Table 7-4: Sedimentation in Sub Basins in Narmada Basin in Maharashtra

Sr. 
No.

Sub Basin Reservoir
Age 

Years

Live 
Storage 
MM³

Reduction in

Live Storage 
%

Remarks

1 2 3 4 5 6 7

1 Narmada
M.I. Tank 
Umarani

15 0.85 6
Rate of siltation is 

moderate

7.1.4.1 Siltation Rate

Silt rate as per Govt. Circular Dt. 5.5.1992 is 6 Ha m/100 Sq km . / yr. The 

distribution of silt load has to be done by empirical area reduction method confirming to 

IS 5477. The silt load distribution will be 3 Ha m/ 100sq km/ yr in live storage area & 3Ha 

m/ 100 sq km /yr in dead storage area. However, observed silt rates are: -
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· M.I. Tank Umarani

The loss in live storage due to siltation in M.I. Tank Umarani medium because of 

Rate of siltation is moderate. Up to date live storage capacity of this project get reduced 

to 0.80 Mm3 from 0.85 Mm3.

7.1.4.2 Remedial Measures

The remedial measures are presented in detail in Chapter 18 Prevention of Losses 

under sub head Sed imentation. However, the remedial measures suggested as in 

Chapter 7.1 Surface Irrigation of the sub basin Reports are:

The catchment area treatment is suggested to arrest the silt at different locations 

by constructing soil and water conservation structu res such as percolation tank, nalla 

bunds, check dams, farm bunds, live farm bunds and canopy of plantation around the 

reservoir area.

7.1.5 Special Features

The surface irrigation development in Narmada Basin in Maharashtra has a long 

history and sub basin specific special features are described in following paragraphs:

Micro-Irrigation

It can be defined as the application of water at low volume and frequent interval 

under low pressure to plant root zone.

Since water is the limiting factor today, it mus t be utilized properly and maximum 

benefit shall be taken to the possible extent. Micro irrigation means application of 

optimum water according to plant requirement. Introduction of advanced and 

sophisticated methods viz. drip irrigation, sprinkler etc. ma kes it possible.

The present scenario of micro irrigation in various sub basins as well as proposed 

switching over in year 2030 is summarized in following table 7.1.8:
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Table 7.5: Micro Irrigation in Narmada Basin

Sr. 
No.

Sub Basin
Drip 
(Ha)

Sprinkler 
(Ha)

Total 
(Ha)

Status Remark

1 2 3 4 5 6 7

1 Narmada Functioning

· Feasibility of Projects

By proposing micro irrigation, instead of flow irrigation, benefit cost ratio of 

projects will be increased and the submergences ratio will decrease. Hence pro ject will 

be more feasible.

· Increasing Water Application Efficiency

For conventional irrigation system the total saving of water due to micro -irrigation 

system will be in the range of 30% to 40%.

· Cropping Pattern

The crops being irrigated by micro irriga tion includes Tur, Sugarcane, Cotton, 

Vegetables, etc.  The projection suggests micro irrigation for Sugarcane, Cotton, 

Vegetables and other crops. In minor projects or seasonal irrigation projects the mobile 

seasonal drip irrigation is proposed to be prom oted by giving 90% subsidy/suitable and 

easy credit facilities. The entire irrigation in command and non -command area in 2030 is 

proposed on MIS. It will be appropriate to consider reduction in the subsidy so as to 

have more area under MIS. It will also en sure better involvement of the beneficiaries.

The MIS is more or less limited to well irrigation and farm pond irrigation. Based 

on experience of these pilot projects MIS would be introduced on all major and medium 

projects where perennial irrigation is p lanned. Still not more than 10 to 15% of area 

under canal irrigation can be brought under MIS.
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· Backlog

As per Letter No. PLN/2009/(68/09) P&M 1 dated 03/03/2009 of Water Resources 

Department, Mantralaya, Mumbai, the status of financial backlog in the dis tricts in 

various sub basins in Narmada Basin in Maharashtra has been estimated and on that 

basis the backlog scenario in Narmada Basin in Maharashtra is given in following table 

Table 7.6: Backlog in Various Sub Basins

Sr. 
No.

Sub 
Basin

Backlog

Reference
Observations and Suggestions 

RecordedPhysical 
(Ha)

Financial

(Rs. Crores)

1 2 3 4 5 6

1 Narmada

7.1.6 Future Planning

(a) Sub Basins 

The future planning is forecasted for the year 2030 and is based on:

§ Water potential

§ Available water in light of NWDT Award Provision and Interstate Agreements

§ Equitable distribution of water through appropriate cropping pattern and Eight 

Monthly irrigation to the maximum possible extent

§ Optimal utilization of available water resources through modern techniques such 

as drip and sprinkler irrigation

§ Efficient water resources management through beneficiaries’ participation, 

measured volume of supplied water and irrigation water supply rates.

§ Integrated optimal operation schedule for reservoirs, canal system and 

distribution network.

In light of above considerations, the proposed future planning as 

suggested in Narmada Sub-Basin in Maharashtra is summarized in following table:
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Table 7-7: Water Availability and Present/Future Planning

Sr. Sub Basin Water Availability Planned Use 
Mcum

No.
Mcum

50% 75% Average

1 2 3 4 5 6

1 Narmada 292.28 179.17 308.27 308.27

Source :- 1) As per MOU between Government of Maharashtra and Government of Gujarat on Dated 7/1/2015

2) As per CE Hydrology Project Nasik Certificate No. Narmada-Tapi 503 Dated 09/10/2009

The above water availability, present scenario for irrigation developed so far as on 

through State and Local Sector – Major/Medium/Minor (MIS/MIL) Projects has b een also 

presented. The probable irrigation potential that can be developed by 2030 in light of 

above water availability in various sub basins has been also presented. The additional 

storages required for achieving so predicted irrigation potential by 2030 as estimated in 

various Reports have been compiled.

Few important issues and recommendations thereupon mentioned in the Reports 

are as follows:

7.1.7 Executive Summary

Availability of water in Narmada Basin in Maharashtra, for the most part, is from 

the monsoon rainfall available from June to October which is unevenly distributed over 

both space and time, whereas water demand for above purposes, excepting for the 

agriculture to a certain extent, is mostly evenly distributed over both space and time 

which dictates need of development of water resources through various water resources 

infrastructures namely major/medium/minor projects.

The water potential available in Narmada Basin belongs to Maharashtra, Madhya 

Pradesh; Gujarat is governed through Narmada Water Dispute Tribunal (NWDT) award 

constituted for it along with various Interstate Agreements. The sub basins and water 
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allocation within these sub basins as per NWDTA and subsequently by WRD - GOM has 

been fully described.

Water Resources Development Planning for sub basin is based upon the available 

water resources in the sub basin subject to allocation within the framework of the NWDT 

Award, present scenario and future planning so as to obtain the optimal utilization of 

available water resources thro ugh flow irrigation is the subject of this chapter. This 

exercise is a collation of the data picked up from the sub basin reports and corroborated 

with the chapter 10 Water Balance.

Water potential in Narmada basin in Maharashtra has been estimated as 

described in Chapter 6 “Hydrology (Surface)” specifically devoted to the objective which 

has been vetted and approved by the Chief Engineer, Hydrology Project, Nasik, the Apex 

Agency designated by Maharashtra WRD and is the basis for water resources 

development planning.

· Surface Water Irrigation

Present scenario for surface water based irrigation for number of projects 

(major/medium/minor) and status (completed, ongoing and future) in Narmada Basin in 

Maharashtra along with observations since last 10 years an d results thereupon has been 

presented. 

· Ground Water Based Irrigation

The ground water based irrigation namely through well irrigation and lift irrigation 

schemes has been fully described. The area irrigated from the wells in command area as 

well in un c ommand area in the Narmada sub basins in  Maharashtra have been 

presented. The average irrigation is 1.5 Ha/well for the sub basins. 

· Lift Irrigation

Surface Water Irrigation based upon Lifting of water from various sources 

(reservoirs, canals, rivers etc .) and through various agencies (Government /Private /Co -
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operative /Sugar Factories), status (completed, functioning, future). But there are no 

more projects existing or future planned.

· Sedimentation

In  sub basin scenario for sedimentation in reservoirs ( name, age, live storage and 

reduction in live storage % / siltation rate – ha m/100 sq km/ year in Narmada Sub -Basin 

in Maharashtra along with observations, analysis and results thereupon have been 

presented.

· Future Planning

Sub basin wise future planning as on 2030 for Narmada Basin in Maharashtra -

planned water use in MM³, identification of projects wherever possible in light of 

NWDTA and WRD - GOM Water Allocation have been also presented.

7.2 Other Important Uses

7.2.1 Preamble

In the previous section we have noted the progress made so far on development 

of irrigation infrastructure, especially storages of different scale, the legal limitations 

placed by the NWDT and the conditions laid down by the Governor’s Directives 

regarding removal of backlog. In this section we will present the current status of water 

resource development for the other prioritized uses such as, drinking and domestic use, 

industrial use, water for pisciculture, water for tourism, water for navigation, etc. 

Development of water fo r the above mentioned sectors (excluding irrigation) has 

been largely in the form of infrastructure for conveyance / transmission, purification, 

distribution (including en -route storages) for different purposes. In the case of 

groundwater too; the digging of bore wells / tube wells, etc. and installation of auxiliary 

systems like pumps, pipelines, purification systems, etc, is in the form of service 

infrastructure, but not primary storage. Development for these sectors therefore implies 

the installation of hardware or software systems / mechanism for efficient and optimal 
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utilization. The objective of such development therefore, is to optimize utilization by 

minimizing the consumptive use. 

In certain cases, for example Mumbai and Thane region storage struct ures have 

been developed specifically for urban water supply, hydro power, industrial use, etc. 

However in the Narmada Basin practically no significant storage structure has been 

constructed purely one or more non -irrigation purposes. Other important chara cteristics 

are that, even though the quantity or percentage of water required is relatively small its 

value for sustenance of life is very high in case of drinking and domestic use, and its 

economic value is very high in the case of industrial and other us es. Consequently the 

revenue earned by the WRD from such high value use substantially contributes to the 

operation, maintenance and repair not only of the storage structures but also of the 

auxiliary supply services provided by concerned agencies.

As per t he latest policy resolution of the GoM the inter -sector allocation is as 

follows:

Table 7.8 Inter-Sector Water Allocation

Priority 
No.

Water Uses % Allocation

1 2 3

1 Drinking and domestic water use 15%

Drinking water including livestock, Health and hygiene, 
Sanitation, cold storages.

2 Water for Irrigation 75%

Water for agriculture

3 Industrial water use 10%

Commercial water use, agro-industries, hydro-power

4 Water for Environment, sports, and tourism Non consumptive 

E-Flows

Source: Government of Maharashtra resolution dated 21January 2003
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The table below indicates the importance of revenue generated from supply of 

water for drinking, domestic and industries. However it may be noted that the irrigation 

rates are greatly subsidized or in so me cases waved – off as the consequence of socio -

political pressures or adverse climatic conditions. The figures also indicate that there has 

been a considerable amount of cross -subsidization between irrigation and other uses. 

The low rates and poor recove ry has led to very low revenue generation. Consequently 

the amounts available for repair operation and maintenance have been inadequate for 

an efficient operation and maintenance of the infrastructure. 

Table 7.9 Assessment and Recovery of Revenue generat ed (In INR Lakh)

Sr. No Year

Assessment Recovery Outstanding amount

Irrigation
Non 

irrigation
Total Irrigation

Non 
irrigation

Total Irrigation
Non 

irrigation
Total

1 2 3 4 5 6 7 8 9 10 11

1 2010-11

NIL2 2011-12

3 2012-13

Source: Irrigation Status Report 2012-13, WRD, Maharashtra, Published in 2016

Drinking and Domestic Water:

Background

The Govt. of India and State Governments have been trying to provide safe 

drinking water to the rural areas ever since inception of the first ‘Five Year Plan’. 

However this initiative was given momentum by launching the Accelerated Rural Water 

Supply Program (ARWSP) by GoI in 1972 -73 to assist State Governments and Union 

Territories to accelerate the pace of coverage of drinking water supply. Subsequently, so 

as to give much more focused attention, this program was given the mission mode and a 

Technology Mission on Drinking Water entitled the “National Drinking water Mission 
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(NDWM)” was launched in 1986, which was subsequently renamed as the Rajiv Gandhi 

National Drinking Water Mission (RGNDWM) in 1991. 

Further by March, 2004, as per the National Agenda for Governance (NAG), a separate 

Department of Drinking Water and Sanitation was created in the Ministry of Rural 

Development in 1999. Till the end of November 201 1, 87.89% habitations in the country 

were declared to have access to adequate water (fully covered) with 40 liters per capita 

per day (lpcd) as the supply norm. About 10.85% were partially covered. About 20000 

habitations were still not covered. The GoI ha d also launched a time -bound plan under 

Bharat Nirman in 2005 for implementation of drinking water supply scheme during the 

four year period 2005-2009.

As per CPHEEO, the norm of domestic water supply is 70 lpcd for urban areas where 

coverage through a pip ed water supply is not in place for the entire population. It is 135 

lpcd if water is supplied through a pipe system, and where a sewerage system has been 

established for treatment and disposal. Further, the norm for Metro cities is 150 lpcd, 

and in additi on a 15% leakage loss is also assumed while calculating the gross demand. 

As per the National Building Code, the norm is 135 lpcd for urban area and 40 to 55 lpcd 

for rural area. The Kelkar Committee however maintains that there should be no 

distinction between urban and rural areas, and therefore recommends that the norm for 

domestic water demand should be treated uniformly as 140 lpcd. It has clarified that 

since the rural domestic water demand includes the requirement for livestock as well, it 

should be at par with the norm for the urban domestic water requirement. While 

increasing the norm from 70 and 100 lpcd for rural and urban respectively to 140 lpcd 

for the entire population appears to be very difficult to achieve, the basin level 

availability of wa ter and the projected demand figures indicates that it is technically 

possible to achieve this goal.  

Ø Total Water availability (Surface + Groundwater) = 24 MM³.

Ø Allocation for drinking and domestic use @ 15% = 05 MM³.

Ø Water use for 2016 works out to be 1. 0152MM³.  i.e. 4.23% of the total availability 

(A) and 20.3% of the current allocation for drinking and domestic (B)
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Ø Water use for 2030 works out to be 2.258 MM³. i.e. 9.41% of the total availability 

(A). However, this percentage will vary substantially f rom sub-basin, depending on 

basin specific water availability.

Water demand for the year 2016 is 1.015 MM³. And for 2030 it is 2.258 MM³.

therefore the additional requirement of water to be supplied till 2030 will be 1.243 

MM³. The capital investment requ ired for purifying 1 MLD of water is about Rs. 52 lakhs 

and treating 1 MLD of sewage requires Rs. 43 lakhs. However, the cost of installing the 

distribution system is not known, therefore it would not be possible to find out what 

capital investment for such a huge enterprise will be.

Drinking and domestic Water use in Narmada basin:

The total population of the Narmada basin for the year 1991 (Projected based on 

Census of India, 1991) is 1.61 lakhs, as per Maharashtra Jeevan Pradhikaran (MJP). The 

total estimated population projected for the basin in 2030 is estimated to be 3.22 lakhs. 

It has been generally observed that the demand and use of water by the local governing 

bodies has been much higher than the Central Public Health and Environmental 

Engineering (CPHEEO) norms. 

Table 7.10: Population and Domestic Water Demand as per MJP

District

Population ( In lakh ) Water Demand (Mm3)

In 1991 By 2030 In 1991 By 2030

Urban

(Lakh)

Rural

(Lakh)

Urban

(Lakh)

Rural

(Lakh)

Urban

(Mm3)

Rural

(Mm3)

Urban

(Mm3)

Rural

(mm3)1 2 3 4 5 6 7 8 9

Nandurbar 00 1.61 00 3.22 00 5 00 10
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Ø The supply –demand gap to be covered till 2030:

The table below shows the per capita variability between different sub -basins.

Table 7.11: Sub-basin-wise Per Capita Water Availability in an ascending order. 

Sr. 
No.

Sub-Basin

Population (1991) Populati
on 

(Lakh) 
2030

Surface + 
Groundwater 

availability 
(1991 and 

2030) MM³

Per Capita 
Water 

Availability 
m3 for 
(1991)

Per Capita 
Water 

Availability 
m3 for  
(2030)

Classification 
based on per 
hectare water 

availabilityUrban Rural Total

1 2 3 4 5 6 7 8 9 10

1 Narmada 00 1.61 1.61 3.22

Source: Water availability data based on MJP

The degree of scarcity shown in the last column is based on the globally accepted 

classification of Wa ter Stress Indicator developed by Ms. Malin Falkenmark’s 

(1989).Water availability of more than 1,700m³/capita/year is defined as the threshold 

above which water shortage occurs only irregularly or locally. Below this level, water 

scarcity arises in differ ent levels of severity. Below 1,700m³/capita/year water stress 

appears regularly, below 1,000m³/capita/year water scarcity is a limitation to economic 

development and human health and well -being, and below 500m³/capita/year water 

availability is a main con straint to life. (Reference: Malin Falkenmark's Water Stress 

Indicator, 1989)

Table 7.12: The degree of scarcity

Sr. No.
Index

M3 per capita / year
Category / condition

1 2 3

1 >1700 No stress

2 1000 – 1700 Stress

3 500 – 1000 Scarcity

4 <500 Absolute Scarcity



54

Prudent practices of water use:

The general experience is that the local bodies go on abstracting more and more 

water without bothering to restrict the withdrawal by reducing wastages by conducting 

leak detection studies and identifying illeg al connections. Further, on one hand, they are 

depleting a valuable freshwater resource and on the other, polluting freshwater sources 

of water by releasing untreated sewage into streams and groundwater aquifers, making 

life miserable for people residing d ownstream. Neglect and apathy on the part of 

municipal administration is an obstacle in the way of appropriate management of water 

supply system. The need of the hour is to ensure that unless sewage treatment facilities 

are put in place as per law for the existing swage generated, the local bodies (large, 

medium and small cities) are restrained from abstracting additional water (i.e. greater 

than the current use of 100 lpcd). While supplying 140 lpcd is laudable objective, it 

should not be pursued until the essential pre -condition of establishing sewage and 

effluent treatment plants is established simultaneously established.

Under these circumstances the following steps may be adopted by the urban local 

bodies:

v Establishing instruments for volumetric supply of water from the level of 

abstraction from natural source up to delivery to households. Similarly, levying 

water charges on volumetric supply instead of a flat rate per household or any 

other criterion.  

v Providing incentives for roof top rain water harve sting (Rebate on house taxes, 

etc.)

v Making best use of local wells which might have been abandoned

v Refusing permissions for the use of purified water for construction, and such other 

non domestic purposes, while simultaneously recommending use of groundwat er 

for such purposes.

v Educating citizens about conservation of water a precious natural resource and 

avoiding wastage
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v Resorting to ground water use only as a last option, so that groundwater aquifers 

are conserved.

The abovementioned measures would obviate the need of bringing surface water 

located at long distances and avoid the problem of en -route tapping by farmers or 

villages, leakages and pilferages.

· Sujal –Nirmal Abhiyan

Government of Maharashtra has decided to take urgent steps in improving the 

efficiency and quality of water supplied so as to reduce water losses. To achieve these 

objectives, the GOM has christened a project "Sujal –Nirmal Abhiyan". The improvement 

program includes funding of various Municipal councils to enable increased serviceabil ity 

of the system. The disbursement of funds in this regard is planned on a "first -come, first-

serve" basis.

The sub works under this Abhiyan are Consumer - survey, Water Audit, Energy 

Audit, Flow meter Installation, Hydraulic –modeling, Geographical inform ation system 

(GIS), and computerized water billing system. The final phase of this project 2015 -2020 

envisages the implementation of city wide 24x7 water supply system, 100% consumer -

metering of water usage, 100% recovery of cost incurred towards toward O& M, 

and100% billing and collection.

Status of water supply schemes:

All villages which are entirely dependent on groundwater source. The major 

source of drinking and domestic water for rural population major source is groundwater 

i.e. open wells / tube wel ls, etc. It is observed that rural water supply schemes are not 

functioning or inefficient. Some of the major reasons for this are leakages through 

distribution system, nonpayment of bills, absence of repair and maintenance, etc. 

Therefore it is recommende d to carry out leak detection studies, and measures to 

reduce the losses due to leakages. It is also recommended that repair and maintenance 

of existing system should be carried out periodically, preferably through an external 

agency, in order to enable increase the efficiency of water supply schemes. 
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· Water Grid Scheme:

Further, it is necessary to note that the GoM has recently passed a Maharashtra 

Groundwater (Development and Management) Act, 2009 and promulgated in 2013, 

which expressly states its primary purpose as:

“to facilitate and ensure sustainable, equitable and adequate supply of groundwater 

of prescribed quality, for various category of users, through supply and demand 

management measures, protecting public drinking water sources and to establish the 

State groundwater Authority and District Level Authorities  to manage and regulate, with 

community participation, the exploitation of groundwater within the state of 

Maharashtra;......”.

It may be borne in mind that shifting completely to surface wate r storages for the supply 

of drinking and domestic water especially to rural areas may be contradictory to above 

mentioned Act.

· Issues related to water quality, health and hygiene:

Currently the problem of supplying drinking/domestic water to the highly dr ought 

prone areas of central Narmada is being largely addressed as a question of ‘quantity and 

availability’, while the question of purifying raw water, and supplying perfectly safe and 

potable water  has been largely ignored. 

· Recommendations:

The recomme ndations mentioned below are In case of remote villages (e.g. 

villages/Padas i.e. settlements in mountainous areas, densely forested remote areas, 

investments on special priority should be made for providing purified water for drinking, 

cooking etc. 

It is proposed that the watershed development approach should be followed for 

water supply in urban areas as well, and streams and ponds which may have got illegally 

encroached may be cleared and reclaimed as per the Section (8) of the National Water 

Policy, 2012.
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Since 51% of the rural population is dependent on ground water even for their 

drinking and domestic needs, ground water aquifers need to be protected and managed 

in such a manner that surface water should be used in a conjunctive manner in the near 

future.

In case of households installing water recycling system/sewage treatment/septic 

tank/ Rainwater Harvesting, etc. an appropriate tax rebate may be granted.

In view of the fact that leakages, transmission and distribution losses, and 

unaccounted/illegal water use currently form between 30 -40% of the total water 

supplied, it is strongly recommended that immediate leak detection studies be 

conducted in order to save precious water resources.  

In case of villages having low population densities or having a mple water bodies or 

traditional water source like tanks, rejuvenation and augmentation of existing structures 

should be under taken on priority. These structures should be used as retaining and 

detaining structure as a part of rural rain water harvesting program by diverting 

rainwater to them through channel

Release of water: - Wherever appropriate sites for constructing smaller dams are 

available, the local bodies should be permitted to construct them independently. This 

option is recommended especially f or those sites which have been rejected by WRD on 

the grounds of being technically and financially infeasible. The rate per cubic meter for 

calculating revenue (benefits) by WRD for irrigation is substantially lower than rate per 

cubic meter used by Urban Local Bodies. ( It ranges between Rs. 3 per Kilo liter for 

domestic use and up -to Rs. 20 per Kilo liter for industrial and commercial use). 

Therefore, projects which appear to be financially non -viable for irrigation could easily 

become viable for urban purposes. 

It is therefore recommended that for all existing as well as proposed water supply 

schemes, especially for rural areas, the investments for ensuring water quality by way of 

water purification and filtration plants must be taken up simultaneously wi th the 

schemes for supplying water for drinking and domestic purposes. Further, it must be 
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borne in mind that when water supply systems for supplying 140 lpcd are put in place, 

the necessary investments for treatment (reuse) and disposal of waste water mus t be 

ensured so that untreated domestic waste water does not become a health hazard.

The overall conclusion emerging from the analysis leads us to the obvious conclusion 

that applying the 140 lpcd norm would be technically unfeasible, financially unviable and 

physically untenable, as it would significantly reduce water for irrigation. Therefore even 

though the norm is conceptually laudable, it should be differed till the population 

growth is stabilized and water use efficiency in irrigation system, urban wa ter supply and 

industrial use reaches international standards.

Water for Environment and importance of Environmental Flows (E -flows)

It may be noted that the water infrastructure development within Narmada basin 

has almost completely ignored environmenta l flows (e -flows) while designing dams, 

canals, irrigation systems, catchment area treatment plans and command area 

development plans. It is practically impossible to find even an acknowledgement of this 

important issue in the detailed project reports, or supportive investigation and planning 

documents. This has been a major shortcoming in our planning process so far. The 

complete neglect of the concept of e -flows has so far led to deleterious results such as 

fall in the fish catch, periodic drying up of ri ver beds, aggravation in the process of falling 

water table, incidence of stagnant cess -pools, shutting down of the pre -independence 

Narmada navigation and transportation system etc. and their incidence has been 

increasing. In order to respond to this situ ation, a detailed section on this subject has 

been provided in chapter 15. 

Fisheries: Water for Pisciculture (Inland Fisheries)

At the outset it must be emphasized that water for pisciculture should technically 

be treated as a non -consumptive use. Even i n the case where water is used for raising 

fish-fingerlings, it should be borne in mind that production of fish is now been 

considered as activity under the category Agriculture and that it forms an important part 
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of livestock in case of the agrarian syste m as a whole. This sector holds a special place 

because land or water diverted from irrigation to ‘non -irrigation’ use is actually for 

producing food and generating employment and transfer of land and water should 

therefore be encouraged. 

Further, it must be stated that traditional fishing which does not require setting up 

of nurseries for fingerlings, etc. are completely dependent on natural river flows and are 

therefore their need is completely non-consumptive.

Importance of Fish & Fisheries

The total fish production of India is 71 Lakh MT. As per the figures available for the 

year 2006-07, Maharashtra is the top 5th fish producing state in India with a total annual 

fish-production of 5.96 lakhs MT, of which inland -fisheries account for barely 1.32 lakh 

MT. For the country as a whole the production -figures are much encouraging accounting 

for 52% of the country’s annual fish -production. In the year 2004 -05 India produced 

63.04 lakh MT of fish, of which 35.26 lakhs MT was the contribution from inland -

fisheries. Therefore, inland fish -production, if well -planned, has the potential of 

generating good income for the state as well for the nation. The planning process takes 

into consideration the precipitation and the duration of water -stock in the inland 

reservoirs, ponds, tanks and rivers that would be necessary to rear this activity. The 

water stock across the year accelerates and extends the growth of fisheries. 

Maharashtra has 3.17 Lakh ha of inland reservoirs, and those under the water -

resources department have been transferred to the Department of Fisheries for 

Development of Pisciculture. The revenue from the lease of reservoirs fetches Rs. 3.0 

crores to the state, 50% of which becomes the source of revenue for the water -

resources department. There are 2,6 03 Fish Co -operative Societies in the state having 

1.83 Lakh fisher-men as its members and the GoM has set itself a target of increasing the 

total annual fish -production to 7.0 lakhs MT. With the harvest of off -shore fish 

production on the decline due to o ver-fishing and pollution, it is necessary to take a 

long-term view of the opportunity for increasing inland fish -production.
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Table 7.13: Norms for contracting the fishing tanks (as per GR dated 15 -01-2001, GoM)

Sr.no.
Tank type 
(spread 

area) (ha)

Estimated Fish seed Production (15 mm 
size) (no. /ha.)

Estimated fish production   kg /ha of 
water spread

1 2 3 4

1. 0-20 5000 1500

2. 21-60 100000+2000/ha for every ha over 20 ha 30000+600/ha for every ha over 20 ha

3. 61-300 180000+1000/ha for every ha over 60 ha 54,000+300/ha for every ha over 60 ha

4. 301-1300 420000+500/ha for every ha over 300 ha
1,26,000+150/ha for every ha over 

300 ha

5.
>1301-
5000

920000+500/ha for every ha over 1300
2,76,000+150/ha for every ha over 

1300 ha

6. >5000 2770000+500/ha for every ha over 5000
646000+50/ha for every ha over 5000 

ha

Source - GR dated 15-01-2001, GoM

Pisciculture in Narmada Basin

Fishing is one of the important occupations for communities in the sub -basins of 

Narmada River. It is practiced either as a fu ll time livelihood option or as part -time work 

by agricultural labourers. Traditional fisher -folk along with some tribal communities like 

Bhoi tribes are skilled fishermen and have evolved extremely refined practices for 

sustainable fisheries – both in the river; river-bed pools (Doha) as well as in the 

numerous M.I. tanks that of bas in. We estimate that almost 1000 people are either 

completely or partially involved in fisheries. In 2030, this number is expected to go up to                  

5000. Therefore, planning of fisheries is an important component of the Integrated River 

Basin Plan for Narmada. Fisheries in the Narmada basin can be classified into three 

categories namely:

v Tank-based fishery

v Reservoir fishery

v River-based fishery
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Capacity of fish seed centers /Fish conservation ponds

Considering the aver age water spread area of 6000 ha. Of the existing projects 

and farm ponds, the existing capacity of fish seed centers is not establish.                       

The availabilit y of fish seeds is about 33.0 0 lakhs   ; if all fish seed centers are working 

with full efficiency and are in good condition. For keeping the fish seed centers in good 

condition, the import of seed packages from other states can be avoided, transportation 

hazards and prolong travel time can be reduced and survival rate can be improved.

By considering projected average water spread area 8000 ha. of the proposed 

projects and farm ponds, with fish seed availability of two centers the projected capacity 

of fish seed centers will be 40.00 lakhs fish seeds. There are about 40.00 lakhs fish 

conservation tanks and existing fish seed centers in the basin and will increase to about                 

2400 m. ton by 2030. The fish seed centers will also increase to two centers

by 2030. 

Water Spread Area and Fish Production 

There are 11 tanks and farm ponds in the basin, out of whi ch 0 are farm tanks and 

are reservoirs which include major, medium, minor State Sector and minor Local Sector 

and barrages. This number will increase to 30 by 2030 o f which 10 will be farm ponds 

and one will be reservoirs.

The average water spread area of the existing reservoirs and farm ponds is 6020 

ha.  The water spread area of reservoirs is 6000 ha. And that of farm ponds is 20 ha.

Projected average water spread area of the reservoirs and farm ponds is 2000 ha.

which average water spread area of the reservoirs will be 8000 ha. And average water 

spread area of farm ponds will be 20 ha.

Actual fish production of the basin is 6 MT. Fish production from re servoirs is 300 

MT and that of farm ponds is 2 MT. Overall average rate of fish production is about         

308 kg/ Ha. Fish production by 2030 will be 2400 MT. Projected fish production from 

reservoirs will be lakh MT and that of farm ponds will be 10.00 MT. Projected rate of the 

fish production is 300  kg/Ha.
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Table 7.14  No. of  tanks, water spread area, fish production, rate of fish production, 

fish seed centers, fish conservation ponds and capacity of fish seed rearing tanks for 

the year 2010 and 2030

Sr.No Particulars 2010 2030

1 2 3 4

1
No. of  tanks (major, medium, minor State 
Sector, and minor Local Sector, Barrages)

9 20

2 No of farm tanks 2 10

Total 11 30

3 Water spread area of tanks in Ha 6018 8020

4 Water spread area of  farm ponds in Ha 2 2400

Total 6020 40

5
Actual and projected fish production from 
Tanks in MT

330 2400

6
Actual and projected fish production from 
farm tanks in MT

2 40

Total 332 2440

7 Average rate of fish production kg/ha 55.14 304.23

8 Fish seed centre No’s 0 2

9 Fish conservation ponds No’s 0 1

10 Capacity of fish seed rearing centers. 0 50 lakhs

Cost of Fish production And Employment Generation 

There is a huge variation in the market prices of fish, in sub basins. The weighted 

average rate of 200/kg is calculated based on rates and actual fish production in 

respective basin. The present actual fish prod uction in the basin is about 332 M.T. 

(Metric Tons) and its value ca n be estimated to be about Rs. 664 Cr. However this is a 
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rough average and also a cons ervative estimate since there are many species which 

fetch a far higher rate per kg ranging between Rs. 300 -450 per Kg.

Projected rate for 2030 in some sub basins ranges from Rs 30 to 100 and weighted 

average rate for remaining sub basins is adopted as Rs 300 per kg. The projected fish 

production for year 2030 will be 2440 lakh MT and its value works out to Rs 7320 cr.

There is a huge scope for employment generation in the basin. The expected 

employment generation depends upon the size of water spread are a of the major, 

medium, state sector, minor, local sector, barrages and farm ponds.
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Chapter 8

vWater transfer Management : -

The NWDT Award covers allocation of water to the party States, FRL of Sardar 

Sarovar and Narmada Sagar Dams, Full Supply Level of Narmada Main Canal, sharing of 

cost and benefits, regulated releases to be made by MP, apportionment of cost of Sardar 

Sarovar dam between irrigation and power, setting up of machinery to implement the 

Award, period of operation of certain clauses of the Award. The details of the above are:

1. Utilizable quantum of waters of Narmada at Sardar Sarovar Dam on the basis of 

75% dependability was assessed on 34537.44 Mcum (28 Maf).

2. The shares of the 4 party States in the above quantity allocated as under:

Madhya Pradesh 22511.01        Mcum

Gujarat 11101.32      Mcum

Maharashtra  308.37     Mcum

Rajasthan 616.74       Mcum

Total  34537.44 Mcum

3. Full Reservoir levels of Sardar Sarovar Dam fixed as 138.68 m (455 ft) and 

Narmada Sagar (now renamed as Indira Sagar) 262.23 m (860 ft).

4. Full Supply Level of Narmada Main Canal off taking from Sardar Sarovar Dam fixed 

as 91.44 m (300 ft).

5. Net power produced at Canal Head and River Bed Power Houses to be shared as 

MP 57%, Maharashtra 27% and Gujarat 16%.

6. MP to make uniform monthly release of 834.65 Mcum (0.677 Maf) from Narmada 

Sagar ex-Maheshwar to meet the requirements at Sardar Sarovar. The annual 

release works out to 10015.86 Mcum (8.12 Maf).

7. Gujarat to share 17.63% of the cost of Narmada Sagar Dam for this release.

8. Narmada Sagar Dam to be taken up and completed by MP concurrently with or 

earlier than the construction of Sardar Sarovar D am.
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9. Detailed directions given for submergence land acquisition and rehabilitation of 

displaced persons.

10.Cost of Unit-I - Dam & Appurtenant works to be apportioned between Irrigation 

and Power as 43.9%: 56.1% respectively.

11.The irrigation component to be shared by Gujarat and Rajasthan in the ratio 18:1.

12.The concerned party State was required to submit to the Authority project report 

of Sardar Sarovar, Narmada Sagar, Omkareshwar and Maheshwar to enable the 

Authority to examine if any feature of the project is in conflict with the 

implementation of the orders of the NWDT. The concerned party State is also 

required to bring before the Authority any subsequent change in the project 

relating to salient features or cost.

13.Setting up of the following machinery for implementation of the Award was 

directed:

- Narmada Control Authority (NCA) 

- Sardar Sarovar Construction Advisory Committee (SSCAC) 

- Review Committee of NCA (RCNCA)

The SSCAC was to be dissolved after 3 years of construction of Unit I & III.

14.Certain clauses of the Award viz. FRL & MWL of Sardar Sarovar, Sharing of Costs 

and Benefits, Regulated Releases to be made by MP, Payment to be made by 

Gujarat to MP for such regulated releases, Allocation of cost of SSP between 

irrigation and power and Allocation of irrigation component between Gujarat and 

Rajasthan and Machinery have a period of operation of 45 years from the date of 

gazette of the Award i.e.. Up to 2025 AD and are open to review thereafter.
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Due to Geographical condit ion of Narmada Basin, The 308.37 Mcum water 

utilization is fully not possible in Narmada basin So As per MOU between Government of 

Maharashtra and Government of Gujarat on Dated 7/1/2015 Decided that only 141.46 

Mcum water is utilized from Ukai dam of Tapi Basin for Sar dar Sarovar PAP’S agricultural 

Land’s for Irrigation facilities. And as per As per CE Hydrology Project Nasik Certificate 

No. Narmada-Tapi 503 Dated 09/10/2009 158.30 Mcum water is diverted from Narmada 

to Tapi Basin.

As mention above. The 308.37 Mcum water utilization for Maharashtra State is 

given below...

1) 141.46 Mcum water is lifted from Ukai Dam in Tapi Basin by LI Scheme

2) 158.30 Mcum water is reserve for Narmada Basin by Diversion System.

3) 0.926 Mcum water is used in Narmada Basin by Umrani MI Tank

4) 7.58 Mcum Water Balance in Narmada Basin
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Chapter 9

vWatershed Development and Management 

Watershed development.

9.1Concept of Watershed Development and Management

In the seventies and eighties of the last century, concept of Watershed 

development (WSD) works was initiated by some enlightened social workers in the 

Maharashtra state, who motivated cultivators from some watersh eds to come together 

to carry out water and soil conservation works to augment GW recharge to enable 

providing protective irrigation to seasonal Kharif and Rabi crops . Water and soil 

conservation and increasing green cover in the watershed helped in improv ing 

availability of some basic needs of the beneficiaries such as food, water, employment, 

fuel and fodder. Some existing Govt. schemes of soil and water conservation were 

integrated in the WSD scheme, but success of the scheme was mainly due to 

cooperation and understanding amongst the beneficiaries in sharing all benefits from 

the scheme in an equitable manner. Beneficiaries of this scheme were small and 

marginal farmers located in upper reaches of the streams and nallas, who were bypassed 

by the benefits of surface irrigation schemes implemented by WRD, WCD and ZP.

Looking to the potential of this scheme in the overall development of rural area, 

GoM took a policy decision to take up these schemes as Govt. schemes and since 1990, 

WSD works are being under taken as Govt. schemes through Water Conservation 

Dep’t.(WCD) of GoM. Main objective of undertaking these works is to augment GW 

recharge through different types of Water Conservation works carried out on mini 

watersheds (less than about 500 ha) from ridge to valley – on streams and on the land in 

between. Such works are planned in the watersheds where the sub strata are amenable 

to GW recharge i.e. soil and strata below ha s sufficient porosity, transiti vity and 

retentively for GW recharge. Incidentally the se structures conserve soil to improve 

fertility of the cultivated land and also help in lowering rate of siltation in the reservoirs 

located on its downstream. It is supported by Bio measures such as pasture 

development, planting and nurturing of trees on waste lands, nalla banks, field bunds 
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etc. so as to meet fuel and fodder needs in future and to protect and improve the 

environment. 

Even if natural GW recharge due to rainwater takes place over all area of any 

watershed, entitlement of GW is attached t o the landowner who digs or drills well in his 

land. It is not treated as and us fructuous i.e. common resource of water having right of 

all land owners in the watershed. However, since WSD works are now being carried out 

as Govt. schemes at the cost of pu blic money, entitlement / right on the augmented 

recharge of GW due to WSD works should be treated as common right of involved 

beneficiaries in the watershed. Even then, it is physically not possible to allocate such 

right equally to all the landowners in the watershed. Aim of watershed management is 

to share various benefits derived from WSD works in an equitable but not in an equal 

manner. Hence management of WSD works should be entrusted to all potential 

beneficiaries from the watershed. In order that be nefits of GW exploitation are not 

usurped by few influential cultivators in the watershed, there has to be involvement of 

all stake holders in the management of WSD works. GW could be used by many 

cultivators if it provides protective irrigation to Kharif and Rabi crops on existing and 

potential new wells. Some wells near the ‘Gaothan’ would have to be kept reserved as a 

source of drinking water for people and for cattle. No well should be drilled/dug within 

specified radius (As per recent GW Act of 2009/20 13) from these drinking water wells.

Cooperation and contribution of beneficiaries is also required to de silt CCTs, 

earthen bunds, bandharas, farm ponds and percolation dams. Removal of silt ensures 

more efficient GW recharge from the same structure. If the silt is spread on farmland it 

improves fertility of land. Pastures should be developed on land having very shallow soil 

cover and on the strips of land in between Continuous Contour Trenches (CCT). Grass 

grown should be cut and used for stall -feeding o f cattle. Grazing of cattle should be 

banned. Trees , which would provide fuel for cooking and fodder for cattle should be 

planted along field boundaries, nalla banks, Govt. lands and fallow/waste lands. If 

protected from cattle and nurtured for 2 -3 years, these trees would meet fuel needs for 

people and fodder needs for cattle in the future. Cooperation of all beneficiaries is 
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necessary in ensuring ‘No cattle grazing in the watershed’ (Charai Bandi) and ‘No use of 

Axe for cutting of trees’ (Kurhad Bandi). T hen only these expected benefits could be 

accrued and degradation of environment would also be prevented.

Types of Watershed Development Works –

Various types of works as indicated below are carried out under WSD works

A) Works on streams, from ridge down to valley and purpose -

i) Gully plugs i.e. loose boulder bunds – Prevent soil erosion

ii) Earthen bunds – Conserve soil and water 

iii) Masonry/concrete bandharas – Conserve water, raise GW Table on either 

banks to augment GW recharge and conserve soil 

iv) Gabian/gunny bag temporary bandharas (Vanarai) - Conserve water and soil 

v) Underground bandharas – Conserve water below stream bed

vi) Percolation dams – Conserve water to recharge GW on downstream and to 

conserve soil

B) Works on land between two nallas and purpose –

i) Continuous/Discontinuous Contour Trenches - Conserve soil and water 

ii) Contour banding on cultivable land – Conserve soil and incidentally water

iii) Farm ponds – Conserve water to recharge GW and/or to provide protective 

irrigation to seasonal crops 

C) Bio measures to improve environment –

i) Developing pasture on land with shallow soil cover – Conserve soil and meet 

fodder needs of cattle

ii) Planting and nurturing trees on field boundaries, nalla banks, waste land 

etc. – Meet fuel needs for cooking and fodder needs for cattle in the future.
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Prioritisation in selecting Watershed for taking up WSD works –

Firstly it is essential to carry out necessary geological investigations of each 

watershed to ensure that the substrata are amenable to augment GW recharge. Priority 

in selecting watersheds should be given for watersheds in drought prone basins. There 

also priority should be for overexploited, critical, semi critical and underexploited 

watersheds, in that order. Priority should also be given for watersheds , which include 

‘Difficult villages’. It is learnt that WCD does not have any such policy in taking up the 

works for implementation. Hereafter at least, such watersheds should be selected where 

beneficiaries give undertaking that they would share the benefits equitably, would 

implement ‘Charai bandi and Kurhad bandi’ strictly and would reserve some wells near 

villages exclusively for drinking water purposes.

Sub basin details of watersheds –

In sub basins, some or all types of works are carried out from time to time as per 

site requirement and programmed of the concerned Departments. It is necessary to 

provide adequate funds for this activity and to carry out works in the manner suggested 

here. Table below shows details of watershed.

Table 0-1: Narmada Sub basin details of watersheds

Sr. 
No.

Name of 
Sub Basin

No. of 
Water 
sheds

Area of 
Water 

shed (In 
sq.km)

Worthy 
Area of 
Water 

shed (In 
sq.km)

Completed 
Area (In 
sq.km)

Percentage 
of col. 6 to 

col. 5.

Categories of Prioritization
Least Low Medium High

1 2 3 4 5 6 7 8 9 10 11
1 Narmada 08 1049 100 0 0 0

1) Prioritisation is considered as 

(a) Categorised "Safe" is reported as "Least"

(b) Categorised "critical” is reported as "high"

(c) Categorised "semi critical" as "Moderate 

Impact of Watershed Development Works: -

1. Conservation of water enables percolation of rainwater in ground to recharge GW. 

It is the main objective of WSD works. Same structure can ensure recharge of GW 

with every spell of rain and total recharge in a season can be much more than the 
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storage capacity of the structure. Surface water evaporates but GW does not 

evaporate. Augmentation of GW can provide protective irrigation (during dry 

spells in monsoon and early r ecession of monsoon) to ensure more productive 

Kharif crop. It can also provide one or two watering to Rabi crops. Because of 

improved returns due to providing of protective irrigation to Kharif and Rabi crops, 

it provides solace to the farmers practicing rain-fed cultivation. 

2. Conservation of topsoil containing humus, duly achieved by different types of 

structures prevents erosion of soil which takes place with the rainwater. Removal 

of accumulated silt in these structures facilitates quicker percolation o f rainwater 

conserved in these structures and ensures more GW recharge. If the silt is spread 

on fields, it improves fertility of land.

3. Assured crop in Kharif season and Increase in irrigated area in Rabi season 

increases overall productivity of land, more earnings to the cultivators and creates 

more employment opportunities for landless labourers nearly all the year round.

4. With the additional GW recharge and reservation of wells near village for drinking 

purposes problem of drinking water for people and ca ttle gets solved, except 

during drought years, when supply has to be made by Water Tankers. Improved 

water and fodder availability promotes growth of development of dairy and 

poultry, which provides additional source of income to the farmers and create 

more employment opportunities.

5. Problem of getting fuel for cooking (which at present is by cutting trees & 

brushwood and from farm waste) and problem of fodder for cattle could be solved 

due to development of pastures and by planting trees. It prevents degrad ation of 

terrestrial ecosystems. Improved productivity of land improves fodder availability 

and more agricultural waste to use as fuel.

6. WSD works have small gestation period (when compared with dam -canal 

schemes) and hence benefits could be accrued early, if the beneficiaries operate 

the schemes efficiently. WSD structures do not involve submergence of cultivable 

area (Except in percolation dams) and therefore do not affect the cultivators.
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7. WSD works are supposed to conserve water to augment GW recharge by means of 

various types of structures constructed in the watershed. Each structure would 

conserve and recharge GW in every rain spell. Hence recharge of GW may be 4 to 

5 times the storage capacity of such structures. Additional area that can be 

irrigated from such augmentation would depend on the quantum of GW recharge. 

It would mean that whenever WSD works are carried out over some area, there is 

augmentation of GW recharge and corresponding less water would be available 

for dams located on its downstream. Irrigation potential of those dams would 

have to be proportionately reduced. This is the price we have to pay to ensure 

equity in allocation of irrigation benefits in the sub basins and basins.

8. Since soil gets conserved in the WSD works, there is some sola ce by way of 

reduction in siltation of reservoirs located on downstream.

Performance evaluation of completed WSD works –

As indicated above, success of WSD works depends on cooperation and 

understanding amongst the beneficiaries of the scheme in ensuring and achieving 

equitable sharing of the benefits. We often hear success stories of only few WSD 

schemes in the State, most of which were undertaken with the initiative of enlightened 

social workers. Since 1990, GoM has been spending huge funds for WSD sche mes, which 

aim at upliftment of marginal farmers through equitable allocation and sharing of 

irrigation benefits. It is informed that, WCD has no scheme / plans to carry out 

performance evaluation of completed WSD schemes, even on representative basis. 

WCD has issued circular indicating life of various types of engineering structures 

such as CC Trenches, Earthen bunds, bandharas etc. Life of these structures depends on 

quality of construction by WCD and how they are operated & maintained by the 

beneficiaries. If desilting of CCT, earthen bunds, bandharas, percolation tanks etc. is 

carried out periodically by the beneficiaries, these structures would remain effective in 

ensuring GW recharge efficiently for long time. If there is any damage to earthen bunds, 

bandharas, percolation tanks due to unprecedented rains in any year, WCD would have 
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to estimate the cost of remedial works and carry out repairs through special funds 

specifically allocated for such repairs. But routine repairs have to be carried out by th e 

beneficiaries. Review of status of all engineering structures should be a part of the 

performance evaluation of completed works carried out as suggested below. WCD 

should reissue the norms of age of different types of structures duly taking into 

consideration all such factors.

Govt. has been spending crores of rupees on this scheme in the state. In the 

Narmada basin itself, cost of balance WSD works at 2015 -16 rates is about 217 crores. It 

is proposed to complete these works in about 3 to 4 years (which a ppears very difficult). 

Hence there is need to carry out performance evaluation of some completed schemes 

(by random selection method for each Region/Agro -climatic zone/category of sub basin) 

immediately to know actual utility of this scheme in achieving i ts desired objectives. 

Every year some schemes should be selected from schemes completed in the earlier 

years and their performance evaluation should be carried out through Agriculture 

Universities, WALMI and NGOs working in this sector. Such review should also be carried 

out again periodically say after every 5 to 10 years for the selected schemes. These 

schemes should be selected from drought prone areas, overexploited / critically 

exploited watersheds, normal watersheds etc. to know type of response from cultivators 

under different agro -climatic conditions. It is desirable to select some successful 

schemes and some unsuccessful schemes, to know the causative factors behind their 

success and failure. It is also necessary to record views of the beneficiarie s of the 

selected schemes by the agencies carrying out performance evaluation. Outcome of this 

exercise would help in improvement in planning, designing and implementing schemes 

in future. Aim should be to make best use of the investment in providing benef its to 

poor cultivators on a sustainable basis. Scheme of performance evaluation of some 

representative completed WSD works should be chalked out immediately and the same 

should be completed on top priority



74

Sub basin additional GW recharge due to WSD wor ks 

On completion of WSD works in sub basin, there would be augmentation of GW 

recharge and so the potential to take up new wells in each watershed. Number of 

additional wells that could be taken in sub basin would depend on the area that could be 

covered by WSD works and on the quantum of actual additional GW recharge affected 

on completion of WSD works. It would vary from year to year depending on magnitude 

of total rainfall and pattern of rainfall (more spells of low intensity showers or less spells 

with high intensity). Additional GW recharge can be evaluated by taking pre and post 

monsoon observations on number of wells, before and after completion of WSD works. 

It can also be estimated from storage capacity of all water conservation works and the 

number of times it has recharged the GW. It is necessary to carry out such study in some 

watersheds to estimate potential of WSD works in providing additional protective 

irrigation to Kharif and Rabi crops and in augmenting drinking water facilities.

Watershed wise details of ground water recharge in Mcum, and possible number of 

new wells/ bore wells are as tabulated below. This Table should be updated based on 

latest estimation of GW availability by the GSDA, status of completion of WSD works in 

each sub basin and statistics of actual number of wells in sub basin.  

It would be seen from the Table below that, Total 8 watershed is under safe 

category.

Criteria for deciding status of exploitation of GW –

As per present GW assessment of the State by GSDA/CGWB, net GW availability 
for future irrigation is worked out by considering the net GW availability less existing 
Gross GW Draft for all uses less provision for domestic and industrial requirement up to 
2025. 
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Table 0-2: Watershed criticality

Narmada basin Watershed Watershed Change
Nos (old) * Nos (revised) Nos

1 2 3 4
Safe 08 00 00

Semi-critical 00 00 00

Critical 00 00 00

Over exploited 00 00 00

Total 08 00 00

Watershed wise details of ground water recharge in M cu.m and possibilities for 

number of new wells/ bore wells 

Table 0-3: Watershed wise details of ground water recharge in Mcum

Sr. 
No

Name of 
Sub 

Basin

No. of 
Water 
sheds

Ground 
water 

storage 
available 

after 
completio
n of WSD 
Mcum.

Area 
Suitable 

for 
Ground 
Water in 

Sqkm.

Categories of Watershed Existing 
wells / 

propose
d wells ( 

Lakh)

Over 
Exploit

ed

Critical Semi 
Critical

Safe

1 2 3 4 5 6 7 8 9 10
1 Narmada 08 00 00 00 08

Over exploited- No scope to take additional wells.

Critical - Maximum utilisation of GW. No new wells should be taken.

Semi critical - Above average utilisation of GW. Limited scope to take new wells.

Safe - Underutilisation of GW means more wells can be taken.

Figures in the Table above indicate sub basin wise availability of GW and scope for digging new wells 

which could be planned for future development by exploiting GW source. It further needs to be 

updated according to latest assessment by the GSDA.
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Recommendations of various Committees: 

White Paper, 1995

i. Long term measures are necessary to recharge groundwater.

ii. Groundwater should be treated as social good and its use for drinking and 

irrigation purpose be done efficiently based on availability.

iii. Peoples' participation in watershed development for strengthening drinking 

water resource is necessary.

Maharashtra Water & Irrigation Commission, 1999

i. Watershed Development Programmed should be implemented under one 

umbrella based on integrated manner (258).

ii. Water yield estimation in watershed should be done on scientific basis and 

not on the basis of ad hoc empirical formulae. It is necessary establish Agro -

MET Observatory in each micro watershed (262).

iii. Record drawings of watershed development works be prepared, the 

responsibility of M&R of these works should be entrusted on beneficiaries 

and Gampanchayats. Watershed Development Authority should be 

established (263).

iv. Multi disciplinary organization at Taluka level should be established to 

execute watershed development works in an integrated manner (278)

v. Groundwater survey and development should be done watershed wise and 

not on administrative region wise (280).

vi. Groundwater use should be regulated to control over exploitation (282).

vii. Detailed geological investigations sh ould be done before undertaking 

artificial groundwater recharge measures (285).

National Water Policy, 2002 / 2012

i. Drought-prone areas should be made less vulnerable through soil moisture 

conservation measures, water harvesting practices, development of th e 

groundwater potential including recharging.



77

ii. There should be a periodical reassessment of the groundwater potential on 

a scientific basis.

iii. Exploitation of groundwater resources should be so regulated as not to 

exceed the recharging possibilities, as also to ensure social equity.

Way forward 

WCD works are implemented at the cost of public money, for extending irrigation 

and other benefits to small and marginal farmers practicing rain -fed cultivation. With 

surface irrigation schemes, investment is made by G ovt. and irrigation management is 

also being done by Govt. Only since 2005, efforts are being made to transfer irrigation 

management of all state sector schemes to the WUAs, for improvement in water use 

efficiency. In the case of GW development, investment is made entirely through private 

sector by individual cultivators (but for the liability on account of soft loans provided for 

digging / drilling wells to some cultivators, providing subsidy to introduce MIS and 

towards providing electricity at subsidized rates).  Management of GW irrigation is also 

with the individual land owners. Water use efficiency is very high because it is motivated 

and guided towards achieving maximum net benefits from the investment. 

In the case of watershed development activity, planning and implementation of 

scheme in the watershed is done mainly by Water Conservation Department (WCD). 

However, operation, maintenance and management of the WSD works over the 

watershed are expected to be done by the beneficiaries. WSD schemes are s een to be 

successful only where beneficiaries cooperate in operating the scheme by sharing the 

benefits equitably and in ensuring restriction on cutting of trees and on uncontrolled 

grazing by cattle & goats. After completion of WSD schemes it is necessary to desilt 

water conservation structures periodically to maintain their efficacy in conserving water 

and recharging the GW. If beneficiaries do not maintain them properly, scheme is likely 

to go in disuse. If GW recharge benefits are enjoyed by few cultiva tors to grow water 

consuming perennial crops like sugar cane, there remains no equity in sharing the 

benefits. Then the purpose of implementing these schemes is lost.
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Drinking water for people and live stock used to be provided by treating GW as the 

main source. Deep GW aquifers were also treated as a source at some places. Drinking 

water has become a very critical issue due to uncontrolled exploitation of GW in many 

watersheds. Taking up of WSD works would improve this situation, if it is managed 

efficiently by the beneficiaries. If the tendency of cultivators to indiscriminately exploit 

the additional GW recharge is allowed to continue, drinking water problem would not be 

solved despite augmentation of GW by WSD works. Hence it is necessary to take an 

undertaking from the beneficiaries where WSD work are proposed to be taken up that, 

they would reserve some specific wells near villages exclusively for drinking purposes 

and would not dig/drill any well within specified radius/distance from these wells as per

provisions of the GW Act 2009/2013. WSD works should not be carried out unless such 

written undertaking is given by the beneficiaries. Notification declaring public drinking 

water sources needs to be issued under section 20 of the Maharashtra Ground Water

(Development and Management) Act, 2009/2013 {MGW (D&M) Act 2009}. 

It is learnt that, Watershed level GWMA (Ground Water Management Association) 

has been established in Jalna district under MWSIP under the title’ User Centered 

Aquifer level Groundwater Ma nagement. It extends over 5675 ha from 8 villages in Jalna 

District. Considerable improvement in equitable use of GW and adoption of MIS has 

been reported. Performance evaluation of this and similar such activities carried out in 

any other watersheds shoul d be carried out and guidelines should be issued by WCD to 

enable replication of such activities. It is mandatory as per section18 (2) of MGW (D&M) 

Act 2009/2013 that, Government shall constitute in each district ‘District Watershed 

Management Committee’ ( DWMC). Similar committees should be constituted preferably 

at each sub basin level. NGOs working in the rural area should be motivated and 

provided with financial incentives to guide the beneficiaries of WSD works in 

implementation of such schemes. As per section 18(3) of MGW (D&M) Act 2009, DWMC 

shall prepare Integrated Water Shed Development and Management Plan (IWSD&MP) 

for each watershed and then integrate IWSD&P of all the watersheds in the district. 

Similar action should preferably be taken for each s ub basin. State Integrated Water 
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Shed Development and Management council, to be constituted under Section 16 of the 

said Act, shall approve the IWSD&MP after assuring that it is in consistent with State 

Water Plan (SWP). 

It is learnt that there is no programmed / plan of carrying out performance 

evaluation of completed WSD works with the WCD. Unless such evaluation is done on 

some selected watersheds it is not possible to make any assessment of actual benefits of 

these schemes to the small and marginal lan d holders in the upper areas of tributaries 

and streams. Such assessment is more essential because success of such scheme 

depends entirely on efficiency in management of the scheme through joint cooperative 

efforts of the beneficiaries. WCD should take imm ediate action to implement it on the 

lines indicated in Para 8.1.6 above.

Prior to taking up WSD works, geological investigations should be carried out to 

ensure that the sub strata in the watershed are amenable to conserve water and to 

recharge shallow GW aquifers. WCD should ensure that at least one rain gauge station is 

installed in every watershed and record is maintained by the people. Monitoring of pre 

and post monsoon GW Table in representative wells shall also be done. They should 

keep water accoun t of quantity of water received each year and utilized by them for 

various purposes. Villages should keep record of number of functioning wells each year 

and area and type of crops grown each year. WCD should evolve a scheme to organize 

formation of a comm ittee for management of every WSD work and evolve a streamlined 

system for maintaining all such record by the committee. Some NGO should be assigned 

to look after and monitor these activities for a contiguous group of watersheds.
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Chapter 10

vWater Balance: -

As per NWDT Award Clause IX With regard to the quantum and pattern of regulated 

releases, the Tribunal makes the following Order:-

It has been agreed by the party States and decided by the Tribunal in its Order dated 

8th October, 1974, that the utilizable quantity of water of 75 per cent dependability in 

the Narmada at Sardar Sarovar Dam site should be assessed at 28 MAF (34,537.44 

M.cu.m.) The actual inflow of 75 per cent dependability, however, is only 33,316.29 

M.cu.m. (27.01 MAF) and this is brought up to utilizable quantity of 28 MAF (34,537.44 

M.cum.) by means of carryover in various reservoirs allowing for evaporation losses and 

regeneration. Out of 28 MAF (34,537.44 M.cu.m.), 11,101.32 M.cu.m. (9MAF) has to be 

provided for Gujarat and 0.5 MAF (616.74 M.cu.m.) for Rajasthan at Sardar Sarovar. The 

requirements at Sardar Sarovar have to be met by releases by Madhya Pradesh and by 

inflows from the intermediate catchment, surplus to the requirements of Madhya 

Pradesh below Narmada Sagar and Maharashtra. The releases from Maheshwar work 

out to 10,015.86 M.cu.m. (8.12 MAF). Making uniform monthly releases the amount of 

water to be released by Madhya Pradesh per month would be 834.65 M.cu.m. (0.677 

MAF). The actual inflow in the river system, however, would vary from year to year and, 

therefore, the releases by Madhya Pradesh would also vary.  The inflow during the filling 

period, July to Octobe r, cannot be predicted at the beginning of the season. It is only in 

October that it would be fully known whether the particular year is a normal year or the 

extent to which it is a surplus or deficit year. Normally the releases by Madhya Pradesh 

during th e filling period, therefore, would have to be more or less on the basis of the 

year yielding 28 MAF (34,537.44 M.cu.m.) utilizable quantity. The month of July and 

early part of August are crucial for Kharif sowing. It is important that during this period 

regulatory arrangements should ensure that due share of water is made available to all 

parties. Having regard to the facts mentioned in the preceding two paragraphs, we order 

that detailed rules of regulation and water accounting shall be framed by Narmada 

Control Authority in accordance with the guidelines given below. These guidelines may, 



81

however, be altered, amended or modified by agreement between the States 

concerned.  

(i) The 28 MAF (34,537.44 M.cu.m.) utilizable supplies of 75 per cent dependability in a 

water year (1st July to 30th June next year) shall be shared by the party States as under 

Madhya Pradesh 22511.01 Mcum

Gujarat 11101.32 Mcum

Maharashtra  308.37 Mcum

Rajasthan 616.74 Mcum

Total  34537.44 Mcum

(ii) Surplus or deficit utilizable supplies in a water year shall be shared to the extent 

feasible by the party States in the same proportion as their allotted shares in ( I) above. 

The surplus water shall first be utilized for filling up the reservoirs to capacity and surplus 

water shall be utilized for irrigation and other purposes only after that has been ensured.  

(iii) The water available in the live storages of the various reservoirs on 30th June shall 

be reckoned as an inflow to be shared in the next w ater year.  

(iv) The releases necessary to ensure Gujarat and Rajasthan's share of water in a water 

year shall be let down by Madhya Pradesh at a reasonably uniform rate, permitting only 

such variation as the Authority may direct or approve and keeping in view the directions 

for regulated releases.  

(v) The Authority shall ensure by so directing the releases by Madhya Pradesh that there 

is at all times sufficient utilizable water in Sardar Sarovar to meet the requirements of 

the next ten days subject to w ater being available in the storages in Madhya Pradesh 

after taking into account the proportionate requirements of Madhya Pradesh. For this 

purpose, Gujarat and Rajasthan would intimate their requirements of the 10 daily 

periods well in advance.  

(vi) Utilization in a water year by each party State shall be figured out on the basis of 

actual daily Discharge at canal head on every major and medium project. For minor 

works, it shall be on the basis of area irrigated under different crops, the delta for each 

crop being approved by the Authority. For pumping schemes, drawing directly from the 
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river, its tributaries or reservoirs, whether for irrigation, domestic or industrial use, 

water drawn shall be reckoned on the basis of the rated capacity of pumps and the

number of hours they run. For a cross check, the season wise and crop wise area 

irrigated by each pumping scheme shall also be recorded, and if the figures of water 

drawn as worked out by the two aforesaid methods differ, the decision of the Authority 

as regards water drawn shall be final.  

(vii) Withdrawals from Sardar Sarovar for Navagam Canal for Gujarat and Rajasthan shall 

be measured at the head of Navagam Canal. The supply to Rajasthan shall be measured 

at Gujarat -Rajasthan border. The loss in the c anal in carrying the supply for Rajasthan 

shall be determined by the Authority after the canal has been constructed and shall 

reckon against the share of Rajasthan. Water let down into the river from Sardar Sarovar 

through power house turbines shall be mea sured on the basis of power generated by it 

and that escaped through the spillway by measurement at the spillway. Gujarat may let 

down water from Sardar Sarovar for its downstream use by making specific indent for it 

and such releases shall reckon against its share. Such releases for downstream use shall 

be made through the turbines and the power so generated shared between Madhya 

Pradesh, Maharashtra and Gujarat in the prescribed ratio. Water let down into the river 

from Sardar Sarovar except at the specif ic indent of Gujarat shall not reckon against the 

share of Gujarat. The water drawn from Sardar Sarovar for use in Madhya Pradesh and 

Maharashtra, as the case may be, shall reckon against the share of water of that State.  

(viii) For major and medium proj ects, water account shall be kept by 10 daily periods. 

The last 10 daily period of a month may have 11 days, 10 days or less, depending upon 

the number of days in the month. For minor schemes water accounts shall be kept by 

crop seasons, Kharif (July to Oc tober) Rabi (November to March) and hot weather (April 

to June). For pumping schemes and domestic and industrial uses it shall be monthly.  

(ix) The water use by minor and pumping schemes in any ten daily periods may 

provisionally be taken to be the same as in the corresponding period in the previous year 

on the basis of average use during the crop period. For final water account, however, it 

will be determined as in (VI) above.  
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(x) Each State shall furnish to the Authority and make available to any part y State 

desiring the same, such data and information as the Authority may require and ask for.  

(xi) The Authority shall arrange the review of the ten day releases made by Madhya 

Pradesh at least once a month and oftener as considered necessary for direc ting any 

change in the releases. It may designate a person for doing so.  

(xii) The Authority shall direct final adjustment to be made in the following water year of 

the use in excess of the authorized use, if any, by any State or States during the 

preceding water year by curtailing the share(s) of the State or States concerned which 

have used water in excess and make over the same to the State or State which have 

received short supplies. Water supplied to Rajasthan on any day in excess of 10 per cent 

over and above its indent shall reckon against use by Gujarat.  

(xiii) The Authority shall furnish the annual water account for the water year to the 

Governments of the party States by the end of August of the next water year. Each State 

may make any observ ation on the account and/or point out corrections in it, if any, 

within one month of its receipt. After making the necessary modifications, the Authority 

shall furnish to each party State the final annual water account for the water year by 

31st October. T he Authority shall cause the annual water account to be published each 

year. The NWDT Award covers allocation of water to the party States, FRL of Sardar 

Sarovar and Narmada Sagar Dams, Full Supply Level of Narmada Main Canal, sharing of 

cost and benefits, regulated releases to be made by MP, apportionment of cost of Sardar 

Sarovar dam between irrigation and power, setting up of machinery to implement the 

Award, period of operation of certain clauses of the Award. The details of the above are

mention below.
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1. Utilizable quantum of waters of Narmada at Sardar Sarovar Dam on the basis of 

75% dependability was assessed on 34537.44 Mcum (28 Maf).

2. The shares of the 4 party States in the above quantity allocated as under:

Madhya Pradesh 22511.01 Mcum

Gujarat 11101.32 Mcum

Maharashtra  308.37 Mcum

Rajasthan 616.74 Mcum

Total  34537.44 Mcum

1) As per MOU between Government of Maharashtra and Government of Gujarat on Dated 7/1/2015

2) As per CE Hydrology Project Nasik Certificate No. Narmada-Tapi 503 Dated 09/10/2009

Due to Geographical condit ion of Narmada Basin, The 308.37 Mcum water 

utilization is fully not possible in Narmada basin So As per MOU between Government of 

Maharashtra and G overnment of Gujarat on Dated 7/1/2015 Decided that only 141.46 

Mcum water is utilized from Ukai dam of Tapi Basin for Sardar Sarovar PAP’S agricultural 

Land’s for Irrigation facilities. And as per As per CE Hydrology Project Nasik Certificate 

No. Narmada-Tapi 503 Dated 09/10/2009 158.30 Mcum water is diverted from Narmada 

to Tapi Basin.

As mention above. The 308.37 Mcum water utilization for Maharashtra State is 

given below...

1) 141.46 Mcum water is lifted from Ukai Dam in Tapi Basin by LI Scheme

2) 158.30 Mcum water is reserve for Narmada Basin by Diversion System.

3) 0.926 Mcum water is used in Narmada Basin by Umrani MI Tank

4) 7.58 Mcum Water Balance in Narmada Basin
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Chapter 11

vWater Resources Management

Management of Irrigation Projects

Introduction:

This chapter deals with Water Management, Governance & Regulation (WMGR) of 

the “Main System” of State level Major, Medium & Minor Projects & its objective is to 

suggest ways & means to improve the same.

Review of Documents:

Issues related to Management of Irrigation Projects have been discussed in 

following recent official documents: Report of The High Level Committee on Balanced 

Regional Development Issues in Maharashtra, Oct 2013 (Kelkar Committee)

ᳲ֚ռ֊ िवषयक िवशेष चौकशी सिमतीचा अहवाल , ֍֧ᮩ֡֗֞֒֠ २०१४ (Chitale Committee)

ᳲ֚ռ֊ िवषयक िवशेष चौकशी ֆ֠᭒֑֚֞֟ अहवालावरील շ֑֞ᭅ֞֔֊ अहवाल, जून २०१४ (Action 

Taken Report)

समतोल ᮧ֞ֈ֧֟֘շ िवकास իᲬ᭭ֆ֒֠य ֆ֠᭒֑֚֞֟ अहवालातील िशफारशी ֚եֈ֏֞ᭅֆ जल संपदा

िवभागाचे է֟֏ᮧ֑֞, ֞ռᭅ २०१५ (Comments of WRD, GoM on Kelkar Committee’s

recommendations)

Govt Resolutions, WRD, GoM from 1st Jan 2015to 30th Nov 2016

Being important & relevant, a brief review of said documents is first taken here.

1) Kelkar Committee:

Kelkar Committee has made observations about 

· Incomplete & inadequate distribution system, 

· Lack of funds & poor maintenance,

· Inconsistency in measurement of crop area,

· Necessity of Eight Monthly Irrigation, 

· Need of improvement in irrigation efficiencies &

· Importance of Volumetric Supply. 
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Kelkar Committee has recommended 

· Establishment of New- CADA, 

· Implementation of Eight Monthly Irrigation &

· Introduction of Volumetric Supply of water.

WRD has accepted recommendations of Kelkar Committee vide its letter cited above

2) Chitale Committee :

Systemic Faults regarding O & M as identified by Chitale Committee are as follows:

· Sanctioning projects in absence of Master Plans, 

· Sanctioning LIS without c onsidering their socio -economic aspects & operating 

them without insisting for drip,

· Overlap of the command area of new weirs / storage tanks & existing projects

· Declaration of creation of Irrigation Potential without completing DISNET 

· Doing works without having a water use strategy, 

· Abandoning good practice of preparing project completion reports,

· Very slow process of handing over of project from construction wing to 

management & further to WUAs, 

· No guidelines regarding how to form a WUA on storage tank s.

· Inadequate number of Irrigation – sections & large number of vacant posts in 

management wing, 

· Non functional Canal Advisory Committees

· Inordinate delay in compiling information about Crop Area Measurement. 

Government Resolutions:

GoM has is sued GRs regarding following issues related to management of 

irrigation projects in last 2 years (1st Jan 2015 to 30 Nov 2016)

(1) Preparation of policy/ guidelines / procedures for

- Piped Distribution Network
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- Early completion of ongoing projects, 

- Declaration of Irrigation Potential of barrages, KT weirs & Storage Tanks

- Preparation of Project Reports of new Lift Irrigation Schemes, 

- Maintenance & Repairs of projects, 

- Constitution of WUAs on projects without canals,

- Agreements for supply of water for non-irrigation, 

- Recovery of water tariff from non-irrigation water users

- Changes in scope of the projects

(2) Independent office for Chief Water Auditor, Maharashtra

(3) Conversion of Construction offices into Management Offices & creation of new 

irrigation-sections

(4) Re-structuring of Canal Advisory Committees

(5) Extension to private Lift Irrigation Schemes

(6)Transfer of management from govt to Irrigation Development Corporations & use 

of water tariff for Irrigation Management

(7) Committees regarding: 

- Improvements suggested by Chitale Committee (SIT)

- Preparation of one report combining Irrigation Status Report & Benchmarking

- Micro irrigation

- Reservation for non-irrigation/Sectaral allocation

In view of the rec ommendations of Kelkar & Chitale Committees, 

WRD’s opinions thereupon  & recent govt resolutions, this chapter gives emphasis on  

Modernization of Irrigation Systems, Volumetric  Supply, Piped Distribution Network,  

Systematic Maintenance plan, Revision of Irrigation Potential,  Eight Monthly Irrigation 

& Project wise Management Improvement Plan 
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Percolation Tank

A percolation tank can be defined as an artificially created surface 

water body submerging a land area so that the surface runoff is made to 

percolate and recharge the groundwater storage. They are not provided with 

sluices or outlets for discharging water from the tank for irrigation or other 

purposes, but as a safety measure they are provided with arrangements for 

spilling away the surplus water that enters the tank in case of heavy rain spells, so 

as to avoid ov er-topping of the tank bund. The purpose of percolation tank is to 

conserve the surface runoff and recharge groundwater storage. The objective for 

the construction of these tanks is to accumulate water and overcome the 

difficulty of erratic monsoon in the changing climate scenario. The water 

collected in these tanks shall be useful in recharging the groundwater and if 

needed it can be used for protective irrigation in the dry spells. Th us the water 

accumulated in the tank after the monsoon is made to percolate at the earliest, 

without much loss due to evaporation.

· Percolation tanks are to be normally constructed on second or third order 

streams, as the catchment area of such streams woul d be of optimum size. The 

field conditions which are necessarily studied during the identification of the site 

for construction of percolation tanks are described below. 

· The positioning of the tank and its submergence area should be in non -arable land 

and in natural depressions requiring lesser land acquisition 

· There should be cultivable land in the downstream area of the tank in its 

command with a number of wells to ensure maximum benefit by such efforts.  

· Steps should be taken to prevent severe soil er osion through appropriate soil 

conservation measures in the catchment. This will keep the tank free from 

siltation which otherwise reduces the storage capacity resulting in a decrease in 

percolation efficiency and life of the structure.

· The initial efficiency of a percolation tank is reduced due to silting of its bottom by 

receiving muddy runoff from the watershed. If the watershed is well -forested and 



89

has a cover of grass, bushes and crops, the silting is minimal. But in an average of 

5 to 6 Monsoon season s the tank bed accumulates about 0.20 to 1.00 meters of 

silt. Silt reduces the storage capacity of the tank and also impedes the rate of 

vertical flow of recharge because of its low infiltration rate. The efficiency gets 

reduced due to silting hence de -silting of tank bed becomes necessary when it 

dries in summer. (Limaye S D. 2010).

Volumetric Supply

Volumetric Supply (VS) is an accepted principle. `Why’ & `What’ parts of VS 

have already been adequately provided for in State Water Policy, MMISF Act & 

Rules, MWRRA Act,  MWRRA Technical Manual & in WALMI training / research / 

publications. The million dollar questions now need to be an swered are - How? 

When? To what extent?  By whom? At what cost? Introducing V S at individual 

WUA level is comparatively easy . Introducing VS at project level is a real challenge. 

What is necessary, called for & warranted is SYSTEMIC APPROACH. 

Piped Distribution Network:

Piped Distribution Network (PDN) is one better alternative to open channel 

flow. It is ideally suited for ri dge distributaries on new irrigation projects or 

incomplete canal works, for distributaries by dispensing with falls, road bridges 

and land acquisition problems. For conversion of existing open canals into pipe 

line conveyance system, all these advantages are lost. Hence, it should be a must 

for all new projects and ongoing projects where DISNET is yet to be executed. For 

LIS also it is ideal because water could be delivered under pressure and MIS could 

be introduced easily. Main canal can also be of pipes for new projects if it is 

economical to do so in the long run. But since all main canals are generally 

designed as contour canals, velocity of flow cannot be increased by providing 

steep bed gradient to the canal, thereby reducing the pipe diameter and 

economizing on cost.

PDN would be more successful in new or recently started ongoing projects. 

But, past experience of PDN in 55 minor projects in Konkan (taken up with the 
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help of European Union) suggests that conventional design based on upstream 

control l ogic may not work. Limited Rate Demand Schedule (LRDS) as 

implemented in Mahaveli Project in Sri Lanka is worth trying. It would also pave 

way for Micro-Irrigation in the command of irrigation projects. 

Maintenance & Repairs:

Whatever may be the type of i rrigation project, conventional or 

modernized; there is no substitute for Maintenance & Repairs (M & R). Non -

maintenance of the systems is one of the main reasons behind the gap between 

irrigation potential created & utilized. Lack or poor maintenance lea ds to 

reduction in canal capacity & increase in conveyance losses which, in turn, 

adversely affect the irrigation schedules. And erratic & unpredictable water supply 

is a sure recipe for water conflicts. Deferred or accumulated maintenance invites 

costly & frequent rehabilitation. It is, therefore, necessary to go to basics, revisit 

the basic concepts, solve the administrative / management problems, evolve 

effective maintenance strategies, diagnose common problems, scrupulously follow 

forgotten technical ci rculars & address the maintenance problem urgently & in 

upfront manner. Annex – 8 (Maintenance of Irrigation Projects at a glance) & 

Format – 1[Systematic Plan for Regular Maintenance & Repairs] give necessary 

details.

Recommendations:

o Roadmap of Volumetric Supply may be implemented

o Piped Distribution Network coupled with micro -irrigation based on new 

concepts may be introduced

o Systematic Plan for Regular Maintenance & Repairs may be adopted

o There should be fixed schedule for releasing M & R fund s

o A pilot project may be taken up to demonstrate virtues of Project wise 

Management Improvement Plan.  
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Chapter 12

vWater For Energy (Hydro Power Generation) : -

As per NWDT Award Clause VIII

(1) ( I) The Tribunal hereby determines that out of the net power produced at Navagam 

at Canal Head and River Bed Power Houses on any day the share of Madhya Pradesh will 

be 57 percent; Maharashtra’s share will be 27 per cent and Gujarat's share will be 16 per 

cent.  

(ii) The party States shall make available in annual installments their share of funds 

required according to  approved construction programmed and take all the necessary 

steps to complete the Sardar Sarovar Dam  withi n ten years of the date of publication of 

the Final Order and Decision of the Tribunal in the Official Gazette.  

(2) The Tribunal makes the following further Orders:-

(I) the power generated in the River Bed and Canal Power Houses at Navagam will be 

integrated in a common switchyard.  

(ii) Madhya Pradesh and Maharashtra will be entitled to get 57 per cent and 27 per cent 

respectively of the power available at bus bar in the switchyard after allowing for station 

auxiliaries.  

(iii) The above entitlement applies both to availability of machine capacity for peak loads 

and to the total energy produced in any day.  

(iv) The entitlement of power and energy for any day can be utilized fully or partly by the 

concerned States or sold to another participating St ate under mutual agreement. It 

cannot, however, be carried forward except under a separate agreement or working 

arrangement entered into among the effected parties.  

(v) Gujarat will construct and maintain the transmission lines needed to supply the 

allotted quantum of power to Madhya Pradesh and Maharashtra up to Gujarat State 

border, along an alignment as agreed to between the parties and if there is no 

agreement along such alignment as may be decided by the Narmada Control Authority. 

The transmission lines beyond Gujarat State border shall be constructed and maintained 

by Madhya Pradesh and Maharashtra in their respective States.  
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(vi) The power houses and appurtenant works including the machinery and all 

installations as well as the transmission lines in Gujarat State will be constructed, 

maintained and operated by Gujarat State or an authority nominated by the State.  

(vii) The authority in control of the Power Houses shall follow the directions of the 

Narmada Control Authority in so far as use of wat er is concerned.  

(viii) The scheme of operation of the Power Houses including the power required and the 

load to be catered for the different party States during different parts of the day shall be 

settled between the States at least one week before the commencement of every month 

and shall not be altered during the month except under agreement among the States or 

under emergencies. If and when Sardar Sarovar Power Complex gets linked with the 

Regional or National Power Grid, the operation of the Sardar S arovar Power Complex will 

be governed by such altered system conditions. But in that event the Narmada Control 

Authority should arrange to take such steps as are necessary to enable the three States 

of Gujarat, Madhya Pradesh and Maharashtra to get their e ntitlement of power and 

energy from the Sardar Sarovar Power Complex according to these orders.  

(ix) The capital cost of the power portion of Navagam Complex shall comprise the 

following:-

(a) Full cost of Unit III electrical works and control works per taining thereto, up to and 

including the switchyard.  

(b) Full cost of transmission lines in Gujarat State constructed for supplying power to 

Madhya Pradesh and Maharashtra.  

(c) 56.1 per cent of the net cost of common facilities such as Dam and Appurten ant 

Works i.e. Unit I of Sardar Sarovar Project, after allowing for credits, if any:

(d) 56.1 per cent of the credit given to Madhya Pradesh for the downstream benefits 

derived from Narmada Sagar Dam.  

(x) Madhya Pradesh and Maharashtra shall respective ly pay to Gujarat 57 per cent and 

27 percent of the capital cost of the power portion of the Sardar Sarovar headwork’s

worked out vide (ix) above. This amount shall be paid in annual installments until the 

capital works are completed. Each installment will be worked out on the basis of the 
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budgeted figures of the concerned works at the commencement of each financial year 

and shall be set off and adjusted against actual figures at the end of the financial year.  

(xi) In addition to the payments vide (x) abo ve, Madhya Pradesh and Maharashtra shall 

also pay to Gujarat 57 per cent and 27 per cent respectively of the operation and 

maintenance costs of the Sardar Sarovar Power Complex each year. These payments are 

also to be based on budgeted figures at the comme ncement of each financial year and 

adjusted against actual cost at the end of the year.  

(xii) Notwithstanding the directions contained hereinabove, the party States may, by 

mutual agreement, alter, amend, or modify any of the directions in respect of sha ring of 

power and payment for it.  

The Total Electricity Generate from Sardar Sarovar Project is 1450 MW. As per the 

N.W.D.T. Award, sharing of power to be generated at Sardar Sarovar Project, among 

Madhya Pradesh, Maharashtra and Gujarat will be in t he ratio of 57:27:16 respectively. 

Maharashtra will receive 27% share of 1450 MW hydel Power generated i.e. 10995.38 

MU of power is received as a share of power to GOM upto November 2017.
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Chapter 13

v Traditional Water Devices

Traditional devices are part of the heritage of a society and are being used from 

historical times for satisfying community needs of water. The nature of ancient and 

traditional water harvesting sy stems and devices are usually a direct response to the 

environmental characteristics of the region. These devices primarily served the needs of 

drinking water of the community. Examples of use of such engineering structures for 

irrigation purpose are also found in large numbers in many states along eastern coast of 

the country, including Eastern Vidarbha in Maharashtra state. These devices had a 

special status in culture, in that they have not been only means of satisfying physical 

needs but have played an important role in strengthening community fabric. Calling of 

these devices all together from use will be a short sighted gesture and their use shall be 

continued at least now and then, so as to preserve them. With the advent of technology 

and changing soci al context, role of these devices has been marginalized. Deterioration 

of any forgotten structure could be fast and these structures are no exception to it. It is 

possible to revive these structures through different interventions and utilize them for 

drinking water and for providing protective irrigation to Kharif crop. 

Historical evidences demonstrate that a variety of structures have been conceived 

and constructed from ancient periods for harnessing the water required for various 

purposes. Credit for cr eation of these devices goes to benevolent rulers, philanthropic 

individuals and community initiatives. The day to day management of all these sources 

was essentially a community initiative without any kind of state interference. 

Maintenance and management of systems were entirely left to the people.

An Overview of the Traditional Devices

· Well: A common round circular well with a diameter of 3 to 10 m or more without 

any steps or with rudimentary steps. The purpose of construction is for drinking 

water and irrigation.
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· Tanks: Community storages in the villages are mostly used for domestic purposes. 

In the region, a large number of tanks also support irrigation. 

· Bandh – A large size tank is called “Bandh”. They provide irrigation facility for 

more than one village and are few in numbers.

· Talao/ Pazar-talao – Pazar-talao provides irrigation to area within one village. It is 

also used for domestic purpose like drinking and raising livestock. If such tank is 

very close to the village is called as a “Gaon-Talao”.

Participatory Approach

Water was the common property shared by all prior to the emergence of any 

State. Most of the traditional water devices belonged to the community. In course of 

time they became part of cultural and later cultural heritage. Excessive i ntervention of 

the state in respect of various activities and the consequent dependence of communities 

on state have led to increasing relegation of maintenance of the structures. The main 

reason behind the journey downhill is the interference of the state thrust during the 

British period. Unfortunately this trend was not only carried on after independence but 

was fostered up. In some cases these devices have stopped being community owned and 

are operational as private assets. 

Salient features of Umrani MI Tank

Sr. 
no.

Minor Irrigation Tank Gross storage (mcm) Benefitted area(Ha)

1 Umrani 0.9377 105

As per mentioned in table one o f the minor irrigation tank in N armada basin is 

Umrani MI tank having gross storage of 0.9377Mcm under which total command ar ea is 

105ha.

One of the canals over MI tank is having discharge of 0.184cumecs.
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Restoration/ Retrofitting of the Structures

Restoration/ retrofitting of the structures are not very complicated and can be 

achieved through different interventions. As the co nstruction of these PT’s are done in 

1982-90, Siltation may have occurred so the ways are described as follows 

· Domestic Use

The types of interventions suggested include cleaning and reviving of springs, 

desalting, boring, blasting, fracture seal cementati on, remodeling and retrofitting, 

watershed development cleansing of the storage and immediate vicinity.

· Irrigation

The irrigation on these traditional structures is managed by farmers themselves. 

Water charges are collected by revenue authorities. The tank s are the legacy of pre -

independent India. The restoration/retrofitting initiatives shall comprise desalting of 

reservoir and canal system, providing proper outlets in trench cum mounds sections, 

increasing capacity of tank and ensuring Waste weir and tail channel.

· Fisheries and Wildlife

These tanks are in the ownership and control of Forest Department. The facility is 

used as “water -holes” for forestry, wildlife, as well as for maintaining fish sanctuaries. 

The Water Resource Department can provide the tec hnical support required for 

management and maintenance of these tanks. These tanks can provide irrigation 

facilities to ‘Forest Villages’ especially where individual and community claim on forest 

land have been granted under the provision of Forest Right A ct (2006). The handing over 

of management of tanks to the local tribal community would also be possible under the 

provisions of the Forest Rights Act 2006.
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· Tourism

Some of the traditional devices can be developed as places of tourist attraction. 

They wi ll be places to be visited “en -route” on the particular circuits. It is needless to 

state that presence of pertinent facilities like proper parking place, rest rooms, 

restaurants, rest houses, memento kiosks and guides will be a prerequisite for such 

developments. 

Executive Summary

Traditional devices are part of the heritage of a society and are being used from 

historical times for satisfying community needs of water. Historical evidences 

demonstrate that a variety of structures have been conceived and co nstructed from 

ancient periods for harnessing the water required for various purposes. Credit for 

creation of these devices goes to benevolent rulers, philanthropic individuals and 

community initiatives.

Restoration/ retrofitting of the structures are not very complicated and can be achieved 

through different interventions and the ways and policies are domestic use, irrigation, 

fisheries and wildlife and tourism have been elaborated in detai
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Chapter 14

v Development And Management Of Galper Land: -

In Submergence of SSP, the Land between MDDL (110.64 m) to FRL (138.68 m) 

is mostly forest land but remaining revenue land for Galper no demand is received till 

date. So the information is Nil For Development and Management of Galper Land
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Chapter 15

v Diversion of Irrigated Land for Non- Agricultural Activity 

Introduction

Change of land use of an area from the productive irrigated agricultural land to 

any industrial developmental activity or for urbanization is one of the concerns affecting 

the agricultural economy of the State. The irrigated land near the vicinity of tow n is 

slowly being converted into urban habitats. This rapid transformation of the irrigated 

agricultural land use to a polluting urban sprawl is not only affecting the clean 

environment but also spoiling the huge resources invested in development of irriga tion 

infrastructure resulting in National Loss. The owner or the cultivator gets attracted 

towards the short -term financial return they get from the sale of such land for non -

agricultural activity but in long term they are inflicting a permanent loss to na tural green 

resources and recurrent agricultural income.

In some cases there is diversion of irrigation water to non -agricultural activity like 

industries, residential township, etc. because of which, there is either curtailment in 

irrigation potential (if cropping intensity is diluted keeping the area same) or loss of 

command area (if cropping intensity is not changed) of the project. 

Present Status

No record of irrigated land diverted to Non Irrigated activity is maintained for 

Percolation Tank. The actual diversion of such area may be very small 

The sub-basin wise figures of irrigated land diverted for non -agricultural activity is 

given in the following table. 

Sr. No. Basin Usable Water
Forecasted use for 2030

Irrigation Other Total

1 Narmada 308.37 364 10 374

Source: - Maharashtra jal sinchan Aayog 1999
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As per the Source Maharashtra “Jal Sinchan Aayog 1991” the diversion of irrigation water for 

Non Agricultural Activities is Nominal

Unit: - Thousand Hectare

Sr. 

No.
Purpose

Diversion of Land in 

ha up to 1996

Diversion of Land in ha 

up to 2030

1 2 3 3

1 Drinking 3.5 6.46

2 Livestock 2.4 3.2

3 Irrigation 27 242

4 Industry 00 00

Total 32.9 251.66

Source: - Maharashtra jal sinchan Aayog 1999

As there is no such scope for industrial development in the basin of Narmada

Recommendations / Suggestions

I. As per Maharashtra Land Revenue Code the powers to permit conversion of 

agricultural land to non -agricultural purpose is vested with various officers of   

Revenue Department. Suitable amendm ent shall be made in the law so that 

permission to new industries and residential habitations shall not be given in the 

notified command area of irrigation projects and the powers to divert such land in 

unavoidable circumstances, should be with Government only.

II. Permission for industries including thermal power stations shall not be accorded in 

water deficit sub-basins. It should be promoted in water surplus sub -basins only.

III. The type of lands to be used for urbanization and /or industrialization shall be in 

following order of preference

a) Uncultivable waste-land

b) Cultivable but un- irrigated lands in sequence of abundance of water.
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c) Irrigated lands in unavoidable circumstances, with the permission of 

Government only.

IV. If in unavoidable circumstances, irrigated lan d is diverted with the permission of 

Government 

a) Area, equal to that proposed/ transferred for non -agricultural activities, 

should be identified for fresh irrigation facilities either by flow or lift from 

the same project nearby existing command area, so t hat irrigation potential 

of the project remains same. 

b) Cost required for construction of new irrigation network on such identified 

new command area, should be borne by the persons / institutions

/department /local body to who irrigated land will be allotte d for non -

agricultural activities. 

c) If it is not possible to identify suitable command area nearby, the cropping 

pattern of the balance command area may be enriched with two seasonal 

crops thus increasing the cropping intensity. In case of WUAs, more water , 

in proportion to their command area, may be allotted to them.

V. Data of Irrigable command area converted into non -Agriculture land and lost 

infrastructure shall be maintained project-wise and sub-basin wise. 

VI. Command area converted into non -agriculture lan d shall be de -notified and the 

irrigation potential of the project should also be revised suitably and re -notified. 

VII. Water saved due to diversion of irrigated area for non -agricultural activities shall 

be used as follows with the given priority:

a) Domestic use, if there is any demand.

b) For new identified command area.

c) For increasing the cropping intensity in the balance command area and/or 

increasing the water allocation to WUAs in proportion to their area 
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Chapter 16

vWATER QUALITY

16.0 Introduction

Any change in physical, chemical and biological properties of water that has 

harmful effects on living things is termed as “ Water Pollution” (WHO 1997). In India 

water pollution is one of the major and most critical issues as almost 70% of the surface 

water resources and some ground water reserves are contaminated by biological, toxic, 

organic and inorganic pollutants. As per CPCB (Central Pollution Control Board) The 

largest source of water pollution in India is by way of released of untreated sewage from 

urban centers, industrial effluents and organic / toxic regenerated flows from irrigated 

agricultural effect of water pollution are harmful not only to human but also to the 

fragile aquatic ecosystems constituting the biosphere of plants, animals, aquatic life and 

birds.

16.1 Water Quality Index Parameters
a) pH

PH is defined as the negative logarithm of hydrogen ion concentration. The 

pH of natural water is between 6 to 8 variation in pH v alues are mainly due to 

hydrolysis of salt of strong basis and weak acid or vice versa and due to the 

dissolved gases such as carbon dioxide, Hydrogen Sulphide, ammonia etc.

b) Alkaity
Alkanity of water is described as its qualitative capacity to naturalize a cid 

compound like bicarbonate, carbonates and hydroxide in water decreases the H+ 

ions and increased th pH of the water. Alkanity in streams is due to breakdown 

and dissolution of rocks and soil Plant activities and industrial waste water 

discharges are also responsible for alkalinity.

c) Electrical Conductivity
Conductivity of water is defined as the capacity of water to conduct 

electrical current; Conductivity in water is affected by temperature, mobility of 

the ions and presence of electrolytes in the form of dissolved inorganic solids 
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such as chloride nitrate, sulphate, phosphate, sodium, magnesium calcium, and 

iron and aluminum ions.

d) Hardness
Hardness is water is important parameters as it affects the day to day 

human life and also the industries to a grat extent. The presence of calcium and 

magnesium in the form of bicarbonate, chloride and sulphate product Hardness 

in the water. Hardness is expressed in term of CaCo3 equivalent.

e) Total Dissolved Solid
Total dissolved solids are the sum of all chemical ions that are dissolved in 

the water. It is due to dissolution of gypsum, rock, soil etc.
f) Turbidity

Turbidity is measures of relative clarity of a liquid. It is an optical characteristics 

of water and as an expression of amount of light that is scattered by li ght the 

higher the turbidity material that causes water to be turbid include clay silt, finely 

divide inorganic and organic matter, algae etc. Turbidity measures in 

nephelometric turbidity units.

Water Quality Guideline by IS and WHO

Chemical 
Parameters

Indian Standards Desirable Limits of 
WHOAcceptable Permissible

pH 6.5 – 8.5 No relaxation 6.5 – 9.2

TH 200 600 Not Specified

Calcium 75 200 Not Specified

Magnesium 30 100 Not Specified

Bicarbonate 200 600 Not Specified

Chloride 250 1000 Not Specified

TDS 500 2000 Not Specified

Fluoride 1 1.5 1.5

Manganese 0.1 0.3 Not Specified

Nitrate 45 No relaxation 50

Iron 03 No relaxation 0.30

Sulphate 200 400 500
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Water Quality Criteria

Designated-Best-Use Class of water Criteria

Drinking Water Source without 
conventional treatment but after 
disinfection

A

· Total Coli forms Organism MPN/100ml shall be 50 or less
· pH between 6.5 and 8.5

· Dissolved Oxygen 6mg/l or more
· Biochemical Oxygen Demand 5 days 20°C 2mg/l or less

Outdoor bathing (Organized) B

· Total Coli forms Organism MPN/100ml shall be 500 or less pH between 
6.5 and 8.5 Dissolved Oxygen 5mg/l or more

· Biochemical Oxygen Demand 5 days 20°C 3mg/l or less

Drinking water source after conventional 
treatment and disinfection C

· Total Coli forms Organism MPN/100ml shall be 5000 or less pH 
between 6 to 9 Dissolved Oxygen 4mg/l or more

· Biochemical Oxygen Demand 5 days 20°C 3mg/l or less

Propagation of Wild life and Fisheries D
· pH between 6.5 to 8.5 Dissolved Oxygen 4mg/l or more
· Free Ammonia (as N) 1.2 mg/l or less

Irrigation, Industrial Cooling, Controlled 
Waste disposal E

· pH between 6.0 to 8.5
· Electrical Conductivity at 25°C micro mhos/cm Max.2250

· Sodium absorption Ratio Max. 26
· Boron Max. 2mg/l

Below-E Not Meeting A, B, C, D & E Criteria

16.1 Status of Water Quality:

16.1.1 River (Narmada River)

Water Quality Trend of BOD in River Narmada

Source: Central Pollution Control Board Website: http://www.cpcb.nic.in
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16.1.2 Water Quality near Reservoir

Water quality parameter of Narmada River Sample from ar ea

Sample taken from Kevadia colony is situated Latitudes and Longitudes are 22°25' and 71°19'

S.N PARAMETERS UNITS Acceptable Limit

RESULTS
KEVADIA 
COLONY

S-III

1 pH --- 6.5-8.5 8.41

2 Turbidity NTU 1
4.6

3 Temperature C --- 28.5

4 T.D.S. mg/l 500 150

5 T.S.S. mg/l
1.1

6 D.O. mg/l 4 6.6

7 Nitrate mg/l 1 0.002

8 Fluoride mg/l 1 0.06

9 Chloride mg/l 250 15.0

Source: PHYSICO-CHEMICAL STUDY OF NARMADA RIVER WATER AT GUJARAT, INDIA
(Vaghasiya A.R., Pamnani A. N., Patel N.R.)

16.1.3 Ground Water Quality:

Water Quality for ground water taken by GSDA Nandurbar in Akkalkuwa Taluka and 

Akrani Taluka. All water quality parameters taken in villages from hand pumps, well and 

other sources of ground water. The data is taken pre monsoon 2017.
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16.2 Water Quality Monitoring:

Objectives of Water Quality Monitoring

The preamble of Water (prevention and control of pollution) Act, 

1974 stated that pollution control board both at States and Central level to restore and 

maintain the wholesome ness of water bodies in India. Water quality monitoring is 

therefore an imperative prerequisite in order to assess the extent of maintenance and 

restoration of water bodies. The water quality monitoring is performed with following 

main objectives in mind.

Rational planning of pollution control strategies and their prioritization

To assess nature and extent of pollution control needed in different water bodies or 

their part

To evaluate effectiveness of pollution control measures already in existence

To evaluate water quality trend over a period of time

To assess assimilative capacity of a water body thereby reducing cost on pollution 

control

To understand the environmental fate of different pollutants

To assess the fitness of water for different uses

Water Quality Monitoring in Narmada Basin
The State Pollution Control Boards of Madhya Pradesh and Gujarat are doing the water 

quality monitoring of the River Narmada at 26 locations and its tributary streams Chota 

Tawa, Gour, Katni and Kunda at one location each . The ranges of water quality observed 

in River Narmada and tributary streams Chota Tawa, Gour, Katni and Kunda with respect 

to Temperature, pH, DO, Conductivity, BOD, Nitrate +Nitrite, Total Coli form (TC) and 

Faecal Coli form (FC) are presented as minimum, maximum and mean value to assess the 

extent of water quality variation throughout the year.
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Frequency of monitoring stations in States

The monitoring agencies have also analyzed the trace metals at few locations. The list of 

parameters identified under the National Water Quality Monitoring Programmed. The 

monitoring is done on monthly basis in surface waters comprising of Rivers, lakes, tanks, 

ponds, creeks/ sea water, canals & drains and on half yearly basis in case of ground 

water.

The present report data on core parameters is incorporated for interpretation and 

drawing inferences based on primary water quality criteria.

MAHARASHTRA

•RIVERS : 156

•CREEK/SEA WATER: 34

•DRAIN/INDUSTRIAL DRAIN : 10

•GROUND WATER: 50

MONTHLY 200

HALF YEARLY 50

Water Quality Data of 5 Years for Narmada River

Name of 
the

River

No of 
Monitoring

locations

Year Observed Range of Water Quality Parameters

Temp.

(0C)

pH Conductivity

(μmhos/cm)

DO(mg/l
)

BOD(mg/l
)

Total Coli 
form

(MPN/10
0 ml)

Faecal Coli 
form

(MPN/100 
ml)

Narmada 15 2007 19-31 7.5-8.8 244-1629 6.2-10.4 1.2-3.5 7-1600 0-15

21 2008 14-32 6.8-10 180-853 4.9- 13 0.2 -11.4 0-2400 0-140

21 2009 17-33 6.5-8.9 178-1930 4.2-11.5 0.2-30 2-1600 0-90

21 2010 19 - 39 7.2 –
8.5

194 -727 4.8 - 11 0.21- 5.4 4 - 11000 0 - 4600

26 2011 14.7-38 7.1- 8.6 217-651 6.2- 9.9 0.8- 5.0 4-1600 0-17
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16.3 Industries

Towns and Industries along river, bodies, location, population, and total sewage 

generated, and quantity treated, quality of effluent discharged is Nil because in Narmada

basin for Maharashtra there are no Industries and big towns. Narmada River basin 

covers rural area in Maharashtra.
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Chapter 17

v Re-Cycle & Re- Use of Water: -

Narmada Basin is totally hilly area. In Narmada Basin there are no 

Municipal corporation area and Industrial area from MIDC so the Recycle & Reuse 

of water information is Nil
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CHAPTER 18
v PREVENTION OF LOSSES

18.0 Introduction

The water resources input to the sub -basins is mostly from the monsoon rainfall 

occurring from June to October and utilization of such water resources input is for 

various purposes such as irrigation and non -irrigation uses through river flow and 

created storage. The gap between available water re sources input and its utilization is 

mainly due to various losses occurring in the Water Resources Development 

Infrastructure.

18.1.1 Losses

Types of Losses:

· Interceptions: It is the loss due to abstraction of water by vegetative canopy and 

habitant structures in the catchment.

· Evaporation: It is the loss due to saturation deficiency for the corresponding 

temperature and atmospheric pressure.

· Infiltration and Seepages: It is the reduction in surface water due to downward 

movement of the dynamic water. The l oss is a function of the porosity and 

permeability of the ground sub-strata.

· Transpiration: It is loss due to abstraction of water by vegetation through roots 

and its transpiration to the atmosphere in the command area.

· Leakage: It is the loss due to crack s and fractures in water resources system 

structure.

· Wastage: It is the loss due to manmade intervention in the ecosystem.

Sources:

· Reservoirs

· Conveyance systems – canal and branches

· Distribution network – distributaries, minors, sub minors, up to outlets

· Field application – Field channels, turnout points, up to root zone

· Non-Irrigation use – drinking and domestic water supply, industrial water use
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18.1.2 Factors affecting the losses

The factors affecting the losses in basins depend upon the various charact eristics 

and parameters of the basins and these are summarized in table below

Table 18-1 Basin Characteristics/ Parameters and Losses

Basin Characteristics/ 
Parameters

Losses

1 2

Latitude Basins near the equator have more losses and decrease 
towards the poles.

Longitude It does not have effective correlation

Altitude Higher the altitude, lower the temperature and lesser 
the losses and vice versa.

Geography Dense drainage network has more losses and vice versa

Geology Alluvial soil and pervious strata terrain have more loses 
as against deep black cotton soil with impervious terrain 
have less losses

Vegetation Dense the vegetation cover, higher the losses and vice 
versa

Water Bodies More the water bodies spread, higher the losses and 
vice versa.

18.1.3 Estimation and Measurements of Losses

The estimation and measurements of losses are described in following table

Table 18-2 Estimation and Measurement of Losses

Sr.No. Process Element Estimation

1 2 3 4

1 Evaporation Mainly Reservoir and Field Water spread area and 
Evaporation depth

2 Seepage Cross drain and Longitude 
drains and Conveyance 
system

Integration Flow 
Measurements

3 Leakages Dam body, Gallery, Canal 
Structures

Integration Flow 
Measurements

4 Siltation - Hydrometric survey
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18.2 Reservoir Losses

18.2.1 Major Factors

The major factors contributing to the reservoir losses are summarized in following Table

Table 18-3 Major Factors and its Contribution to Reservoir Losses

Factors Reservoir Losses

1 2

Size- Water Spread and 
Depth

Larger water spread with less weighted depth will have 
more reservoir losses and vice-versa.

Geometry Fern shaped reservoirs with less water spread will have 
less losses and fan shaped reservoirs with wider water 
spread will have more losses.

Yield Dependability Higher the dependability, lesser the water spread 
causing less losses and vice versa.

Actual Storage Lesser the actual yield mean higher losses and vice versa

Cropping Pattern Kharif cropping has minimum losses. Rabi, hot weather, 
two seasonal, and perennial cropping pattern will have 
more losses in respectively increasing order.

Consistency in Planning 
and Actual Water 
Management

Higher the consistency. Lower will be the losses and vice 
versa.

Operation and 
Management Practices

Efficient and effective operation and management 
policies have lesser losses and vice versa

Hydrology Status Surplus basins have less loss as against the deficit basins.

18.2.2 Evaporation Losses

The major reasons for such high, too high and abnormal evaporation losses could be o ne 

of the followings.

· Lesser availability of yield than the designed or overestimation of yield. The 

occasion of reservoir filling and overflowing is a rare phenomenon.

· Lesser use for irrigation in Kharif season.

· Unplanned use and drawl of water during hot weather season.

· Reservation for drinking water supply and industrial use specifically in hot 

weather.
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· Higher siltation rare rate than the anticipated.

Genesis of the abnormally high losses needs to be 

investigated. Information gathered from structured mo nitoring is required be reconciled. 

This shall be aimed at arriving at the corrective management interventions that being 

the need of the time.

18.3 Conveyance and Distribution Systems

Surface water flowing through natural stream as well that released from reservoirs is 

conveyed and distributed through open systems and / or closed conduits. The losses 

through these systems for both irrigation and non-irrigation use are quite significant.

1. Releases in Streams and Rivers
Such releases are made either when the released water is 

diverted from a pick up weir into canal or is released into river for drinking water to city/ 

cities on the downstream. The losses in water releases made in streams and rivers 

predominantly depend upon.

§ Geomorphology such as drainage net work density, bifurcation ratio and length of 

conveyance system

§ Terrain geology in which losses are more for previous geological formation and vice 

versa

§ Quantum and duration of discharge of the released discharge. Main reason behind the 

excessive losses i n this case is the unauthorized pumping and lifting of water by the 

cultivators on the river bank.

§ Ratio of natural discharging capacity of the stream and actual discharge.

2. Irrigation System

§ Canal and Distribution Network
Open system comprises open chan nels design of which is 

based on uniform flow hydraulics conforming to Manning’s Formulae following the 

principle of neither scoring nor silting velocity. These open channels are either lined or 

unlined. The losses in lined channels are less than the losse s in the unlined canals. The 
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cannels are lined mostly using cement/ cement Bentonite concrete for strength, 

imperviousness and smoothness point of view.

The network consists of main canals, branches and major/ minor distributaries 

conveying water from reservoir to well defined bounded command area.

The losses from main -canal comprise seepage -losses & losses through leaking 

structures. If the leakage path is detected methodically, the leakage can be stopped or 

minimized at the least and the losses can be reduced.

Pipe/ Close Conduit System

During the next few decades more and more open channel system are expected to 

make way to the “Close Conduit” or piped conveyance systems. This trend will be more 

pronounced in the areas of water short age. The system of distributing water through 

pipes will be useful in preventing wasting due to seepage, leaking and evaporation 

losses. The selection of pipe material (C.C, HDPE, LDPE etc.) is required to be done very 

carefully and objectively.

Closed conduit system is non-pressure systems operative under gravity and can 

be resorted to in favorable geographical condition.

In Narmada basin of Maharashtra there are no project of pipe line distributaries system 

so the data is nil for losses.

18.4 Reduction and Control of Losses

To achieve presentation of water losses, consideration to following aspects is necessary.

a) Water and Irrigation Management Policies.

b) System Maintenance

c) Conveyance and Application Systems.
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Chapter 19

v Evaporation Control : -
No records have been kept by respective 

agencies for Evaporation control in Narm ada Basin so information is Nil.
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Chapter 20

v Land Acquisition for Irrigation Infrastructure Dams (Displacement of Project Affected persons) Resettlement 
and Rehabilitation

For Sardar Sarovar Project 33 villages are partially submerged in Maharashtra state in Narmada Basin These villages Land Acquisition and affected families 
details is mention below in table.

Sr.No. Name Of 
Village

Total 
Private 
Land 

(Hector

Land For  Project Propose Tapu 
Land 

(Hector)

Ex-Gartia 
(Land)Proposal 

(Hector)

Total 
Land 

(Hector)

Total Houses in 
Submergence  

Area 

Affected 
Families

Total 
Affected 

Population
Private 

land 
(Hector)

Forest 
land 

(Hector) Government 
land (Hector)

1 Manibeli 211.16 153.34 314.17 146.40 72.42 1.10 687.43 115.00 238.00 523.00
2 Dhankhedi 59.80 42.18 121.89 62.34 3.17 229.58 48.00 53.00 214.00
3 Chimalkhedi 113.08 98.94 119.85 161.40 1.57 0.90 382.66 88.00 117.00 358.00
4 Sinduri 170.11 77.46 114.21 27.43 23.55 2.85 245.50 120.00 163.00 726.00
5 Gaman 220.40 33.70 53.26 16.84 9.34 − 113.14 54.00 52.00 1022.00
6 Bamani 154.55 58.47 84.68 55.05 − 0.57 198.77 77.00 79.00 597.00
7 Danel 250.50 73.38 174.72 106.40 − 0.32 354.82 118.00 189.00 895.00
8 Mandawa 50.04 30.56 11.02 − − − 41.58 7.00 11.00 274.00
9 Mukhadi 63.71 41.30 166.19 132.22 10.41 20.20 370.32 46.00 77.00 256.00

10 Jangthi − − 17.96 9.32 − − 27.28 − − −
11 Arethi − − 4.80 10.22 − − 15.02 − − −
12 Kukadipadar − − 11.66 − − 11.66 − − −

Total A 1293.35 609.33 1182.75 739.28 117.29 29.11 2677.76 673.00 979.00 4865.00

13 Poulla 180.67 6.48 133.17 102.69 6.29 17.93 266.56 25 45 206
14 Pimpalchauk 86.87 − 114.52 105.16 14.60 64.27 298.55 49 71 193
15 Shelarda 215.71 − 10.25 1.40 − 1.25 12.90 19 245
16 Atti 120.97 − 165.76 63.30 − 13.45 242.51 1 44 315
17 Keli 203.34 − 14.67 44.42 7.47 14.21 80.77 12 28 95
18 Thuwani 168.92 − 47.12 70.42 − 23.12 140.66 1 28 202
19 Bharad 206.61 − 51.18 178.85 99.31 145.47 474.81 76 164 284
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20 Shikka 121.47 − 76.39 118.43 9.60 963.28 1167.70 74 105 259
21 Donkhedi 204.36 − 107.16 97.74 73.88 89.09 367.87 53 5 189
22 Chinchkhedi 727.94 7.07 19.61 26.30 − − 52.98 4 24 201
23 Roshmal 187.33 − 1.70 4.50 − 0.20 6.40 − 5 425
24 Nimgavhan 93.68 7.28 34.01 86.27 19.37 47.09 194.02 75 106 257
25 Surung 516.36 35.87 91.15 89.70 − − 216.72 24 37 100
26 Shelda 96.33 − 88.81 63.93 13.48 12.67 178.89 23 38 245
27 Junawane 86.11 − 39.91 118.38 23.66 55.61 237.56 31 68 151
28 Mal 224.66 − 10.75 30.00 − − 40.75 − − 393
29 Khadi(kh) 73.57 − 26.38 42.76 0.30 69.44 2 191
30 Bhusha 231.70 − 138.22 197.95 108.56 125.45 570.18 126 249 485
31 Sawaredigar 193.55 − 32.95 67.20 2.42 218.15 320.72 17 38 359
32 Bilgaon 147.08 − 19.70 58.77 − 10.20 88.67 25 470
33 Warwali 56.72 − 76.70 80.20 5.70 40.00 202.60 25 46 104
34 Sadari 156.93 − 382.72 216.95 48.69 53.37 701.73 42 71 226
35 Udadya 183.00 3.24 137.00 80.32 − 18.38 238.94 15 33 375
36 Bhadal 391.69 20.64 256.93 264.01 − 46.71 588.29 15 82 575

Total B 4875.57 80.58 2076.76 2209.65 433.03 1960.20 6760.22 688.00 1333.00 6545.00
Total 6168.92 689.91 3259.51 2948.93 550.32 1989.31 9437.98 1361.00 2312.00 11410.00

In Narmada Basin land Acquisition for MI TANK is shown in below table

Sr. 
No.

Names of Completed 
Scheme 

Nos.
Land Acquired (in hector.) Total 

LandPrivate 
Land 

Govt. Land Forest Land

1 Umrani MI Tank 1 29.00 ─ ─ 29.00
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As per NWDT Award the oustees are to be allotted with alternate agricultu ral land 

and residential plots with civic amenities.  Government of India has released 4200 ha. 

Forest land (in Taloda and Akkalkuwa Taluka) of Nandurbar District for rese ttlement of 

oustees in Maharashtra State. But this total land is acquired for resettlement of PAP’S 

is totally in Tapi Basin.

On this 4200 ha. Area 5 new Gaothans have been established and Civic amenities 

have been provided in this 5 Resettlement Gaothans namely Narmada Nagar (Somaval) 

Sardar Nagar (Dekati), Rewa Nagar (Amoni), Rozwa Punarwasan (Rozwa) in Taloda 

Taluka and Deomogra Nagar (Amali) in Akkalkuwa Taluka and handed over to Zilla 

Parishad in 2001.

However since the land so acquire was not found to be sufficient for allotment, 

Government of Maharashtra purchased private land for resettlement of oustees and 

new rehabilitation Gaothan No.6 Gopalpur (Jivannagar), No.7 Tarhavad (Ganganagar) in 

Taloda Taluk a, No.8 Vadchhil (Shobhanagar) and No.9 Wadi (Ja vada), No.10 Chikhali 

Digar & No.11 Katherde Digar in Shahada Taluka and all civic amenities have been 

constructed according to the provisions in NWDT Award and Ma harashtra Resettlement 

Act. And all the Civic amenities at Gaothans no. 6 to 9 handed over to Zilla Parishad in 

2010 and civic amen ities at Gaothans no. 10 handed over in 2016 and Gaothans no. 11 

proposed to be handed over to Zilla Parishad   up to June 2018 . Separate village 

panchayat have been formed at Gaothans no. 1 to 8. Now it is proposed to establish 

Gaothans no.12 to 14 at Kukval Tal. Shahada, Newban & Mod in Taloda Taluka 

respectively. Layout of these Gaothans is prepared by Town planning department. Now 

further process for these Gaothans is going on. 

During the visit of Hon. Principal Se cretary, Social Justice and Empowerment, GOI, 

to Rehabilitation Gaothans in Taloda and Akkalkuwa Taluka in the year 2001, it was 

instructed to provide individual Toilet block to PAFs instead of Public Latrines.  

Accordingly Duel latrine block on common bou ndary of residential plots of PAFs have 

been constructed and handed over to PAFs in Gaothans No.6 to 10. 
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Further  Decision regarding  payment of Rs. 18400/ - per beneficiary as grant - in-

aid  for construction of Individual Toilet black taken in the meetin g of High Power 

Committee  dated 4.10.2013 Gaothanwise estimates for construction of  individual toilet 

units have been accorded technical sanction and administrative approval. It has been 

decided to pay this amount of Rs.18400/ - directly to beneficiaries by cheque payment in 

installments prior to progress of work. Concerned PAFs have been informed in 

Gramsabhas held on Republic Day/Maharashtra Day/Independence Day. Payment will be 

made to PAFs on construction of toilet block.

1) Irrigation Facility- Planning and Creation –

General

As per the stipulations of NWDT Award, the alternative agricultural lands allotted 

to the PAFs of Sardar Sarovar Project shall be irrig able. The agricultural land of PAFs was 

surveyed for ground water availability by Ground Water Survey and Development 

Agency (GSDA) and as per the suggestion of GSDA Planning for irrigation facility done for 

the agricultural land which is distributed to PAF’s.

2) Irrigation Plan

Planning for providing irrigation facilities to the PAF s is shown in the chart 

annexedseperately .

3)       Tube Wells

About 444 Nos. tube wells had been completed by this division and handed over 

to beneficiaries PAFs. Irrigation potential of about 1 611ha. Has been created by means 

of completed tube wells.

4)   Open Wells

About 86 Nos. open wells had been completed and irrigation potential of about 

334 ha. has been created. 

5)  Tube wells /Bore wells installed by PAF΄s
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It has been decided in the meeting of High Power Committee of Government of 

Maharashtra in the chairmanship of Hon. Chief Secretary on dated 10/07/2014, that Rs. 

2,45,000 / Tube well or Rs.1,55,000/ Bore well to be reimbursed to those PAF΄s who 

have been allotted non -irrigated land by Govt. and have not been provided irrigation 

facility earlier at the cost of Govt. and installed their tube well/bore well by themselves 

for irrigation of their agricultural land on g etting water availability certificate of such 

tube well/bore well from Groundwater Survey and Development Authority. 267 PAP’S 

have been reimbursed accordingly.

6) Minor Irrigation Schemes/Lift Irrigation Schemes

(a) Rozwa M.I. Scheme:

The work of Rozwa M.I. Scheme has been completed and an area of 76 ha. of 

project affected families of Sardar Sarovar Project has been brought under irrigation.

(b) Amalibari M.I. Scheme:

Original Administrative approval amounting to Rs.1996.68 lakhs has been 

accorded by Government in 3/2003.  And revised administrative approval for an amount 

of Rs.5722.00 lakhs has been accorded by Government in 2/2011.

About 333 ha. land from resettlement area will be brought under irrigation through 

this scheme. Th e work of Amalibari M.I.Tank was started in 2004. Work of earthen dam 

have been completed However deep cuts occurred in river/nalla bed (Spillway Portion) 

due to heavy rainfall in 2006 & considering foundation strata met with at site of work. 

Therefore work had been stopped. Process of revised design of Spill way is in progress in 

C.D.O.Nashik. 

(c) Rapapur M.I.Scheme:

Administrative approval amounting Rs.1522 lakhs has been accorded by 

Government of Maharashtra in March 2003.  About 340 ha. land fro m rehabilitation area 

will be brought under irrigation through this scheme. The clearance of forest land about 

36 ha.has been received from Environment and Forest Department, New Delhi. Work of 

Repapers M.I. Scheme was started in 5/2015.  Proposal for revi sed administrative 
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approval has been submitted for an amount of Rs.3150.00 lakhs. The re For further work 

is stopped

7) Shifting Operation

As per provision in NWDT Award Free transport of PAFs salvageable building 

materials and households kits of the PAFs from submergence area to Resettlement 

Gaothan is to be provided by Government. This work is done by means of Government 

Trucks by road and by barges available with this division, through Narmada River.  2729 

PAF’S shifted in Maharashtra and 755 P AF’S shifted in Gujarat up to Desember 2017.

Gaothanwise position of civic amenities and Irrigation Facilities is shown in Statement 

No.1, 2, 3 enclosed and the position of PAFs in the Gaothans is as below.

Sr. No Name of Gaothan Area ha.
No. of residential 

plots available.
No. of shifted PAPs

1. Narmada Nagar 35.00 401 379

2. Sardar Nagar 55.00 303 102

3. Rewa Nagar 58.00 579 474

4. Rozwa Punarwasan. 35.00 380 424

5. Deomogra Nagar 30.55 467 387

6. Gopalpur (Jivannagar) 19.00 174 143

7. Tarawad (Ganganagar) 47.41 339 223

8. Vadchhil (Shobhanagar) 30.47 326 203

9. Wadi (Javade) 33.35 330 245

10. Chikhali Digar 22.96 100 79

11 Katherde Digar 12.50 81 70

Total (Maharashtra) 379.24 3480 2729

Total (Gujrat) 775

Total (Maharashtra+ Gujrat) 3504
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Development of civic amenities for PAFs of Sardar Sarovar Project in Relocation sites

.
Sr.

No
.

Civic amenities. Narmada 
Nagar

(Relocation 
site No.1 
Somawal.)

Sardar Nagar

(Relocation 

site No.2 
Dekati)

Rewa Nagar 
(Relocation

Site No.3 
Amoni)

Rozwa 
Resettlement 
(Relocation 
site No. 4 
Rozwa0

Demogra 
Nagar 
(Relocation 
site No.5 
Amali)

Gopalpur  
(Relocation 
site No.6)

Tarawad   
(Relocation site 
No.7)

Vadchil  
(Relocation 
site No.8 )

Wadi 
(Jawde) 
(Relocation 
site No.9 )

Chikhali 
Digar 
(Relocatio
n site No.
10 )

Katherde Digar 
(Relocation site 
No 11 )

1 2 3 4 5 6 7 8 9 10 11 12 13

1. Primary School 
Building 

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

Bldg. of 6 
Rooms 
Completed

A.A. Accorded in 
April 2017 further 
process in 
progress

2. Seed Store Completed Completed Completed Completed Completed Completed. Completed. Completed. Completed. Completed
.

No Provision

3. Panchayat Ghar Completed Completed Completed Completed Completed Completed. Completed. Completed. Completed. Completed
.

No Provision

4. Dispensary Completed Completed Completed Completed Completed Completed. Completed. Completed. Completed. Completed
.

No Provision

5. Approach

Road

Completed Completed Completed Available. Completed Available. Completed Available Available Completed
.

Available

6. Internal Road Completed Completed Completed Completed Completed Completed Completed Completed Completed Completed Completed

7. Gutters Partly 
completed.

Partly 
completed.

Partly 
completed.

Partly 
completed.

Partly 
completed.

- - - - - Completed

Public Latrines Completed. Completed. Completed. Completed. Completed. - - - - - -
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8.

Individual Toilet 
block

Proposed  
208

Proposed  73 Proposed  
418

Proposed  217 Proposed  216 65 
completed.

60 completed. 110 
completed

125complet
e

32complet
e

Proposed 81

9. Water Supply
a) Hand pump

8 Nos. 
completed.

2 Nos. 
Completed.

11 Nos. 
Completed.

6 Nos. 
Completed.

8 Nos. 
Completed.

4 Nos. 
completed.

6 Nos. 
completed.

6 Nos. 
completed.

8 Nos. 
completed.

4 No. 
completed.

2 Nos. Completed

b) Water Supply 
Scheme

With ESR of 
50000 liters 
capacity & 40 
stand post.

With ESR of 
50000 liters 
capacity & 40 
stand post.

With ESR of 
100000 liters 
capacity & 
54 stand 
post.

With ESR of 
50000 liters 
capacity & 48 
stand post.

With ESR of 
50000 liters 
capacity & 43 
stand post.

With ESR of 
50000 liters 
capacity & 36 
stand post.

With ESR of 
75000+25,000 
liters capacity & 
55+28 stand 
post.

With ESR of 
75000 liters 
capacity & 
80 stand 
post.

With ESR of 
50000 liters 
capacity & 
56 stand 
post

50,000 liters 
capacity & 
40 stand 
post. 

With ESR of 
45000 liters 
capacity & 40 
stand post 

10 Electricity supply Available Available Available Available Available Available Available Available Available Available Available

11
.

Tree Platforms 6 Nos. 
completed. 

7 Nos. 
completed.

12 Nos. 
completed.

7 Nos. 
completed.

7 Nos. 
completed.

8 Nos. 
completed.

8 Nos. 
completed

8 Nos. 
completed.

8 Nos. 
completed.

4 Nos. 
completed

4 Nos. completed

12
.

Residential plots 
(Total Nos.)

401 303 579 380 467 171 339 326 271 100 81

13
.

Technical 
Sanction

1989 1992 1993 1994 1994 2002 2003 2004 2005 2008-09 2012 -2013

14
.

Year of 
completion 

1993 1994 1995 1996 1996 2003 2004 2005 2006 2013 2015

15
.

Year of Handing 
over to Z.P.

2001 2001 2001 2001 2001 April 2010 April 2010 April 2010 April 2010 August 
2016

Proposed in June 
2018

Note- 1)  Also the open places for play ground for primary and secondary School, children park, for collection of Animals , Khalwadi (Threshing Platform), Gurcharan(For 
Grazing the village cattle), land for future extension of Gaothan,  Bus stand, cattle shed, Bazar, cremation/Burial  ground, post office, etc. are provided to each Gaothans as an 
additional civic amenities.                
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Statement No.2

Statement  showing present position of Irrigation facilities to be provided to PAFs of S.S.P.

Sr.

Name of 
Gaothans.

Means of irrigation

Completed In progress Balance Total

No. Nos.
Irrigation Potential 

in ha.
No of 

Beneficiaries
Nos.

Irrigation 
Potential in ha.

No of 
Beneficiaries

Nos.
Irrigation 

Potential in 
ha.

No of 
Beneficiaries

Irrigation 
Potential in ha.

No of 
Beneficiaries

1 Narmada Nagar (1) Tube Wells 114 457 339 0 0 0 - 59 43 516 382

(2) Open Wells 33 123 89 0 0 0 - 0 0 123 89

Total 580 428 0 0 0 0 59 43 639 471

2 Sardar Nagar (1) Tube Wells 78 297 188 0 0 0 - 60 47 357 235

(2) Open Wells 8 26 20 0 0 0 - 0 0 26 20

(3) Rapapur M.I.Scheme - 0 1 23 18 - 0 0 23 18

Total 323 208 1 23 18 0 60 47 406 273

3 Rewa Nagar (1) Tube Wells 100 276 234 0 0 0 - 18 18 294 252

(2) Rapapur M.I. Scheme - 0 0 1 337 155 - 0 0 337 155

Total 276 234 1 337 155 0 18 18 631 407

4 Rozwa (1) Open Wells 41 170 133 16 27 19 - 486 264 683 416

(2) M.I.Rozwa 1 81 49 0 0 0 - 0 0 81 49

Total 251 182 16 27 19 0 486 264 764 465

5
Deomogra 

Nagar
(1) Tube Wells 64 348 247 0 0 0 - 74 74 422 321

(2) Amalibari M.I. 
Scheme

- 0 0 0 0 0 1 333 208 333 208

Total 348 247 0 0 0 1 407 282 755 529
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6 Gopalpur (1) Tube wells 17 38 35 0 0 0 238 145 276 180

Total 38 35 0 0 0 0 238 145 276 180

7 Tarhavad (1) Tube wells - 0 0 64 251 158 0 295 246 546 404

Total - 0 0 64 251 158 0 295 246 546 404

8 Vadchil (1) Tube wells 36 60 36 0 0 0 0 0 0 60 36

(2) Open wells 42 64 47 27 105 73 57 186 123 355 243

(3) Flow Irrigation 1 82 51 0 0 0 0 0 0 82 51

Total 206 134 27 105 73 57 186 123 497 330

9 Wadi (Jawde) (1) Tube wells. 35 135 75 0 0 0 0 386 222 521 297

Total 135 75 0 0 0 0 386 222 521 297

10 Chikhali (1) Tube wells 15 29 26 0 0 0 0 92 56 121 82

Total 29 26 0 0 0 0 92 56 121 82

11 Katherde Diger --- 0 0 0 0 0 0 0 0 0 0 0

Total 2222 1595 - 725 397 - 2209 1446 5156 3438

12
Private Irrigation 

facility Tube wells 267 336 267 - - - - (-)297 (-)267 - -

GRAND TOTAL 2558 1862 - 725 397 - 1936 1179 5156 3438
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Chapter No.21 

v Drought Mitigation                                           

21.1 Introduction

Droughts are natural disasters caused by scanty rainfall, acute shortage of 

water required for human, cattle and agricultural activities, large -scale deforestati on, 

excessive use of surface water -resources, uncontrolled withdrawal of groundwater from 

wells etc. Drought exerts profound influence over agriculture, hydrology, tourism, 

transport, water supply, hydroelectricity, etc. A drought is a period of below -average 

precipitation in a given region, resulting in prolonged shortages in the water supply, 

whether atmospheric, surface or ground water . A drought can last for months or years, 

or may be declared after as few as 15 days. The sub basin of Narmada lies in satpuda 

range the uneven and steep hilly surface tends land less productive.  The severity of the 

drought gets worsened on account of nurturing incompatible cropping pattern and 

increase in population in last few decades leading to desertification of the region . 

21.2 Definition

Drought is an occasion when the rainfall for a week is half of the normal or less, when 

the normal weekly rainfall is 5 mm or more. Agricultural drought is a pe riod of four such 

consecutive weeks in the period from middle of October or six consecutive weeks during 

rest of the year. Seasonal drought occurs when the actual seasonal rainfall is deficient by 

more than twice the mean deviation. This is description of drought stated in the report 

of National commission of Agriculture of 1976. (1)

The National Commission on Agriculture 1976 has defined and classified drought as 

below:

Meteorological Drought

Meteorological drought may be defined as a situation when annu al rainfall over the area 

or place is lower than 75% of normal precipitation. It is further classified as “moderate” 

drought if rainfall deficit occurs between 25% to 50 %   and “severe” drought when it is 

more than 50%.
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Hydrological Drought

Hydrological d rought may be defined as depletion of surface water and groundwater 

induced by prolonged meteorological drought to the extent that available water volumes 

are far lower than desired ones.

Agricultural Drought

Agricultural drought is defined as lack of moi sture causing excessive loss of potential for 

agricultural production. In short it could be summarized as, an agricultural drought is 

defined by soil moisture deficiencies, hydrological drought is defined by declining surface 

and groundwater supplies and m eteorological drought is defined by precipitation 

deficiencies.

21.3 Climate change/global warming 

Climate change is likely to increase the variability of water resources on account 

of occurrence of frequent incidences of heavy floods and sev ere droughts. The climate 

change is causing the temperature to go up and there is a reduction in crop productivity. 

The effect of climate change / global warming invites the attack of altogether new type 

of diseases, pests, insects etc. which pushes the fa rming activity in problematic situation.

The tribal district of Nandurbar is the most vulnerable to climate change in the state 

due to rising temperature and food security fears. The areas that are most vulnerable to 

climate change in the state include the districts in N orth Maharashtra, of which 

Nandurbar is a part. (2) Since 1880, the average global temperature has increased by 0.8 

degree Celsius and there is a higher presence of greenhouse gases such as methane, 

carbon dioxide in the atmos phere, says a recent report prepared by The Energy and 

Resources Institute (TERI), Delhi, for the Maharashtra government.



128

21.4 Agro climate zones

The agriculture department has divided the state of Maharashtra into nine different agro 

climatic zones depending upon the climate, topography, and soil & cropping pattern. It is 

observed that upper middle basin i.e. south of Narmada lies in transition zone 2. 

TABLE OF TRANSTION ZONE-2

Sr. 
No.

Name of the 
Zone

Geo 
graphical 
location

Geographical 
spread of the 
zone/ Districts 
and tahsils 
included

Climatic 
conditions

Average 
annual 
rainfall

Soil type Crop and cropping 
pattern

1. Western 
Maharashtra 
Plain Zone 
/Transition-2

It is a 
wider strip 
running 
parallel to 
e eastern 
side of Sub 
Montane 
Zone.

This zone 
includes tahsils 
of Dhule, 
Ahmednagar, 
Sangli & central 
tahsils of Nasik, 
Pune, Satara & 
Kolhapur 
districts. 
Geographical 
area 17.91 lakh 
ha.Net area 
sown is 8.86 
Lakh ha.

Water 
availability 
ranges from 
120-150 
days 
.Maximum 
temperature 
40 C & 
minimum 5 
C.

Well 
distributed 
rainfall 700 
to 1200 mm.

Topography is 
plain. Soils 
128radish 
black 
.Moderately 
alkaline 7.4-
8.4, lowest 
layer is 
‘Murum’ 
strata. Fair in 
NPK content. 
Well drained 
& good for 
irrigation.

The zone is 
predominantly a kharif 
tract suitable for single 
rainfed crop. Principal 
crops grown –kharif & 
rabi jowar, bajra, 
groundnut, wheat, 
sugarcane, udid, tur 
gram & ragi.

Source: Agriculture department Govt. of Maharashtra



129

21.5 Rainfall

There is variation of rainfall in Narmada basin along the Maharashtra state in the taluka 

Akrani (Dhadgaon) ranging from 842.00mm in the Year 1998 and maximum 1955.00 mm 

in Year 2006 perhaps in Akkalkuwa taluka rainfall ranges from 1148 mm in the Year 1998 

and maximum 1999.3mm in Year 2013. 

Source: Maharain.gov.in (official gov.web site) 

Source: Maharain.gov.in (official gov.web site) 
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The basin is bounded on the north by the Vindhyas, on the east by the Maikala range on 

the south by the Satpuras and on the west by the Arabian Sea. The River Khat and River 

Udai lies in sub basins of Narmada River Maharashtra. Also the Jhaarkhal river lies on the 

boundary of MP and Maharashtra at village Bhadal Tal.Akrani and Devganga River 

originate in Gujrat state perhaps it con nect at village Manibeli Tal. Akkalkuwa state 

Maharashtra.

The wate r availability in sub basin is 8000m 3 to 12000m 3 Per Ha. (3) As noted 

above the rain fall variation in River Katri and River Udai i.e. in taluka Akrani with 

average rainfall of 761.4 mm and 1027.3 mm respectively. The drought prone areas 

along Narmada basin are located at higher altitude and longer distance.  

21.6 Drought Years:

In last 3 decade No such Serious Drought prone situation occurred in middle sub 

basin of Narmada Maharashtra.  The few paadas in Narmada sub basin face water 

scarcity due to topographical Impediments.

21.7 Drought Assessment.

Agricultural Drought Assessment is essential for taking appropriate remedial measures 

for improvement of drought situation. Satellite based remote sensing data has been 

shown to be highly useful for crop condition assessment and drought monitoring. A very 

successful project called National Agricultural Drought Assessment and Monitoring 

System (NADAMS) had been developed by National Remote Sensing Centre (NRSC), 

ISRO, (4) which envisaged use of rem ote sensing and meteorological data for drought 

assessment of 13 agriculturally important states of India.
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Diagram of Drought Areas by NWC Report

Mahalanobis National Crop Forecast Centre , Department of Agriculture & Cooperation

2012 Report states in their report on plate (16) that the western portion of sub basin lies 

mild drought perhaps eastern portion of sub basin comes under normal drought area.

Moderate agricultural drought category are characterized by one or more of 

the att ributes – more than a month delayed sowing time, more than 25% reduction in 

crop area, poor greenness/moisture levels of crop vegetation, significant reduction in 

crop yield, lack of adequate irrigation infra -structure, reduced rate of increase crop 

greenness/moisture .There is less scope for improvement in the agricultural situation in 

these districts in subsequently. 

Mild agricultural drought category districts are characterized by slightly reduced 

crop sown area or slightly reduced greenne ss of crops leading to slight reduction in crop 

yield. There is scope for improvement in subsequent fortnights in case of long duration 

crops. 
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21.7.1 Water scarcity 

The two paada’s from Akrani Taluka suffers water scarcity in past 3 years as noted below 

Source: Zilla Parishad, Nandurbar.

21.7.2 Ground water depletion data of Narmada sub basin for the year 2009

The Pictorial format of Ground Water Depletion in Akrani and Akkalkuwa Taluka 

i.e. Sub basin of Narmada River for the year 2009 by Zilla Parishad Nandurbar resembles 

depletion of water table in western portio n of sub basin is by 1 to 2 meter and in eastern 

region it deplets by 0 to 1 meter .

Sr.No. Taluka Gram 
Panchayat

Name of 
Habited place

Population

1 Dhadgaon(Akrani ) Bijari Goryachaa 
bodlapada

190

2 Dhadgaon(Akrani ) Kundal Gugmal paada 190
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21.7.3 Details of Narmada Basin in Tal.Akrani and Tal. Akkalkuwa.

INDEX

Sr.No. Item Notation

1 Narmada River

2 Tapi River

3 Boundary of Basin Narmada 
& Tapi 
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21.8 Drought Mitigation Measures

There are short-term and long-term drought mitigation measures to be adopted. 

Short-term measures are oriented to reduce the damages of a drought event after its 

onset and mitigate effects of drought.

Villages affected by drought consist of people as well as cattle; therefore it is 

necessary to cater to their needs for their survival. It is the onus on the Government to 

provide them

· Work under Employment Guarantee Schemes to men and women and prompt 

payment of wages.   

· Provision of Rationed subsidized food to each individual. Even rationing of water 

needs to be done.

· Fodder for cattle for th eir sustenance to be provided on priority. It will be 

necessary to open fodder camps at different places as per the needs in a 

decentralized manner.

· Drought is due to scarcity of water. Arrangement for drinking water to human 

beings and cattle needs to be made on daily basis for minimum essential 

requirement.

· If, works under EGS are away from their residence, temporary arrangement for 

shelter needs to be provided.

· During drought, there is a possibility of outbreak of epidemic .Necessary medical 

facilities would be required.

· Postponement/waiver of revenue and loan recovery as befitting would be 

necessary.

· Wastage of water in any form needs to be avoided. Penal action for the same is 

provided, if noticed.
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21.9 Quantum Of water supplied to rural areas.

21.9.1 Short Term Drought mitigation measures:

The Two paada’s from Akrani taluka faces water scarcity hence 

Water supplied to them by water tanker from Local Body of Dhadgaon. In addition 

to above Measures h and pumps were installed by local body in fifth year plan 

(2012-17).

· Akkalkuwa = 1232 Hand pumps.

· Akrani (Dhadgaon) = 1243 Hand pumps.

Source: Zilla Parishad, Nandurbar.

21.9.2. Long term (permanent) drought mitigation measures: 

Watershed development programmed is proved to be a 

successful approach for drought mitigation under the integrated watershed 

development programmed soil and water conservation, afforestation and 

groundwater development works have to be ta ken on priority. Under water 

resource department Maharashtra state long term mitigation programmed has 

been taken since 1980 by constructing percolation tank and storage bandhaara 

under Employment Guaranty scheme (EGS) for improving ground water table 

which helps them for improving ground water table effectively and it also provides 

employment to the local labors. In such drought prone areas where percolation 

tanks had been constructed thus proved to be a boon as it has given an assured 

protective cove r to fight against the vagaries of frequent droughts.
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21.9.3 Irrigation summary in Sub Basin Narmada River i.e. Tal. Akkalkuwa & 
Akrani.

21.10. Expenditure Incurred.

· Expenditure incurred to supply water to Two Paadas in Akrani Taluka by tanker 

is 6 lakh rupees Per Year.  

· Expenditure incurred for installation of hand pump is Nearly Rs.60, 000/each in 

Tal.Akrani & Tal.Akkalkuwa.

Source: Zilla Parishad, Nandurbar

21.11 Watershed Development.

The information relevant to this topic covered in chapter 8.

21.10. Conclusions and Recommendations:

1) The Narmada Sub basins comprise of high altitude Satpuda hills where run off is 

more which causes soil erosion and depletes the land f ertility/productivity. To 

avoid soil erosion and improve ground water reservoir constructing series of 

Bandhaara is a vital solution.  

2) To strengthening and increasing the capacity of community to deal with the 

drought conditions is needed. This can be ach ieved by sensitizing and creating 

critical awareness amongst community regarding the situation specific drought 

conditions and possible mitigation measures. This will further take care of 

Sr. 
No

Taluka

Village Tank Storage Tank

MI 
TankMinor 

Irrigation Dept.
Zilla 

Parishad
Irrigation

Dept.

Minor 
Irrigation 

Dept.

Zilla 
Parishad

Irrigation
Dept.

1 Akrani 40 2 0 69 146 0 1

2 Akkalkuwa 8 0 0 178 111 0 0
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community participation and informed decision making such as ban on open 

grazing, ban on cutting trees and ban on growing water demanding crops etc. for 

drought management. Thus understanding the availability of natural resource at 

village level and community participations is essential to overcome the difficult 

situation.

3) The groundwater is saved from the impact of evaporation and hence offers 

protective cover even during scarcity situation. In view of this, the success of 

combating with the drought is dependent on how effectively use of groundwater 

is managed

4) From the study of the few success stories, it was transpired that -

I) the irrigation was practiced on micro irrigation method alone.

ii) There were no bore holes for irrigation purposes.

iii) Water for Non-Irrigation purposes was recycled and reused.

5) Catchment area treatment should be implemented by constructing contour 

bunding, tree plantation etc.
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Chapter 22 

v Disaster Management  

22.0 Disaster Management: Risk Assessment and Aversion 

22.1 Introduction

Disasters are crisis situations which are either naturally caused, human induced or a 

complex of circumstances which exceed the human ability to evade, resist or to recover 

from them. Floods, drought, forest fires, earthquakes are natural calamities and they can 

cause heavy damage in terms of loss of lives and property. At the very outset, disaster 

refers to a serious disruption of the functioning of a society, causing widespread human, 

material, or environmental loss, which exceeds the ability of the affected soci ety to cope 

using its own resources. To put it in other words, it is the occurrence of a sudden 

mishap/ calamity/ grave occurrence that disrupts the basic fabric and normal functioning 

of a society.

Narmada the largest west f lowing river originates near amarkantak in 

shahdol district of Madhya Pradesh. It is one of the rivers in India that flows in a rift 

valley, flowing west between the Satpura and Vindhyaranges. .It flows through the states 

of Madhya Pradesh (1,077 km) and Maharashtra, (74 km), actually along the border 

between Madhya Pradesh and Maharashtra (39 km) and then the border between 

Maharashtra and Gujarat (74 km).

The Sardar Sarovar dam is a gravity dam on the Narmada River near 

navagam, Gujrat in India. The dam has attained a height of EL.121.92 m, the crest level 

of the spillway. The gates on dam have been erected to attain the FRL of EL 138.68 m 

after getting the approval from Narmada control authority (NCA) in the Year 2016 -17. 

The objectives of the Disaster Management Plan (DMP) are to safeguard or 

minimize the loss of lives and property and restore normalc y at the time of a natural 

disaster. Another goal of the DMP is to enhance co -ordination among public -safety 

organizations, formulate action plans and periodically update them.
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22.2 Legal Framework for Risk Assessment and Disaster Management

22.2.1 The Disaster Management Act, 2005

The Disaster Management Act of 2005 established the National Disaster 

Management Authority. The NDMA is entrusted with the responsibility of laying down 

policies, plans and guidelines for disaster management and monito ring their execution at 

national, state and district level. The Act has also called for the establishment of State 

Disaster Management Authorities [14(1)], a Disaster Management Plan for every state 

[23] and a National Plan for Disaster Management [11(3)] which is to include measures 

for the prevention and mitigation of disasters and their effects, as well as the integration 

of all such measures, and capacity building and community participation for their 

effectiveness.

22.2.2 National Disaster Management G uidelines, Preparation of State Disaster 
Management Plans, 2007

The guidelines for the preparation of State Disaster Management Plans have set the 

following objectives 

1. Promoting a culture of prevention and preparedness by ensuring that DM receives 

the highest priority at all levels.

2. Ensuring that community is the most important stakeholder in the DM process.

3. Encouraging mitigation measures based on state-of-the-art technology and 

environmental sustainability.

4. Mainstreaming DM concerns into the developmenta l planning process.

5. Promoting a productive partnership with the media to create awareness and 

contributing towards capacity development.

6. Ensuring efficient response and relief with a caring approach towards the needs of 

the vulnerable sections of the society.

7. Undertaking reconstruction as an opportunity to build disaster resilient structures 

and habitat.
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8. Undertaking recovery to bring back the community to a better and safer level than 

the pre-disaster stage.

The guidelines recommend a participatory approac h, asking states to “make all 

efforts to assist communities in understanding their vulnerabilities and the lead role 

that they can play in managing risks with less dependence on external entities” and 

that “arrangements for community based disaster prepare dness should form the basis 

for preparation of plans” . They also specifically mention the inclusion of “identification 

of vulnerabilities and risks” in the preparation of the plans.

22.2.3 Risk Assessment in Narmada basin /Flood Prone Areas.

· As a result of construction of the Sardar Sarovar dam, over 33 villages of 

Maharashtra (in Nandurbar District) partially affected. Since Year 1993 -94 

the project affected peoples were rehabi litated. 

Sr.No. Taluka Name of villages under submergence of SSP

1. Akkalkuwa 1. Manibeli
2. Dhankhedi
3. Chimalkhedi
4. Sinduri 
5. Gaman

6. Bamni
7. Danel
8. Mandawa 
9. Mukhadi

2. Akrani 1. Paula
2. Pimpalchoup
3. shelagda 
4. Atti 
5. Keli 
6. Thuwani 
7. Bharad
8. sikka
9. Domkhedi
10. Chinchkhedi 
11. Roshmal khurd
12. Nimgavhan

13. Surung
14. Shelda
15. Junavane
16. Mal
17. Khardi
18. Bhusha
19. Billgaon
20. Savrya deegar
21. Varavali
22. Sadri
23. Udaya
24. Bhadal
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22.3 Cattle census in Sub basin Narmada.

Source: Maharashtra Gov. 19th cattle census 

22.4 Reservoirs Related to Flood Management.

Sardar Sarovar dam is a gravity dam on the Narmada River near navagam, 

Gujarat in India. The entire operation of dam lies in Gujarat government’s jurisdiction .

22.5 Flood Intensity, frequency extent of damages.

No such serious damage experienced so far in the basin of Narmada.

22.6 Reservoir operation and gate operation schedule.

The entire operation of dam lies in Gujarat governmen t’s jurisdiction. The gate 

operation schedule is controlled by Narmada control authority.

22.7 Drought Management.

The provision related to Drought Management is covered in chapter 21.

22.8 Event in the past.

No such event observed in Narmada Basin so far in Tal.Akkalkuwa and Tal.Akrani. 

22.9 Care Taken for drinking water for human and cattle population.

The provision related to above title is covered in chapter 21.

Sr.no. Taluka Cow classification Buffalo classification Goat

Small Big Small Big

1 Akkalkuwa 7481 39120 2578 6423 32644

2 Akrani 9461 67378 1547 4316 73506
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22.10 Earthquake events.

The Basin of Narmad a i.e. Tal.Akrani and Tal. Akkalkuwa lies in zone III (Moderate). 

No such event is observed so far.

22.11 Institutional Framework for the implementation of the Disaster Management 

Plan.  

For giving Flood warning to PAF’s, rescue and re lief operation, the base camp has 

been established at kevdiya colony, Gujrat. The work of recue and relief operations is 

executed with the help of the 5 barges of government of Maharashtra from the Dam site 

to the affected villages.   

· The officers and emp loyees appointed by Narmada development division, 

Nandurbar at kevdiya colony. Control room collect and register the daily 

information about water level of reservoir, rainfall, and discharge etc. with 

the help of Flood control Office of Gujrat. Control roo m kevdiya 

communicate the information to the Narmada development division and 

control room of collector office, Nandurbar. Flood messages received to 

control room at kevdiya colony are communicated by wireless system to 

affected villages in Akkalkuwa and Akrani taluka with the help of barges.
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Network Diagram of DMP

· To collect information relevant to percolation tank in rainy season officers 

were appointed at regular intervals and necessary contingency activities 

comprises including intimation to Tahsil office, Division office.

Flood control Office Gujrat 

Kewdiya Base Camp

Narmada deparrtment 

Superintend Engineer

S P office 

Mantralay Mumbai

All Barge 

Rescue Camp

& Affected Villeges .

Collector 
office

Divisional 
Commissioner 

Mantralay Mumbai
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22.12 Medical Aid.

Two Floating Dispensary provided in Akkalkuwa Block and Akrani Block for health 
services as per the schedule timetable. At the time of flood o ne mansevi medical officer 
is appointed on Narmada development department patrolling barge. 

Floating Dispensary Program Boat No-1 & 2

Sr.No.

Akkalkuwa Akrani/Dhadgaon

Village Name Barge Halt Day Village Name Barge Halt Day

1. Manibeli 1st Monday Bhusha 1st Monday

2. Dhankhedi 1st Tuesday Mal 1st Tuesday

3. Chimalkhedi 1st  Wednesday Khardi 1st  Wednesday

4. Sinduri 1st Thursday Sawrya 1st Thursday

5. Gaman 1st Friday Shelda 1st Friday

6. Bamni 1st Saturday Sadri 1st Saturday

7. Danel 2nd Monday Udaya 2nd Monday

8. Mukhadi 2nd Tuesday Bhadal 2nd Tuesday

9. Mandwa Pada 2nd Wednesday Bhusha 2nd Wednesday

10. Manibeli 3rd Monday Varavali 2nd Thursday

11. Dhankhedi 3rd Tuesday Neemgavhan 2nd Friday

12. Chimalkhedi 3rd Thursday Domkhedi 2nd Saturday

13. Sinduri 3rd Friday Sikka 3rd Monday

14. Gaman 3rd Saturday Bharad 3rd Tuesday

15. Bamni 4th Monday Thuwani 3rd Wednesday

16. Danel 4th Tuesday Keli 3rd Thursday

17. Mukhadi 4th  Wednesday Atti 3rd Friday

18. Mandwa Pada 4th Thursday shelda 3rd Saturday 

19. --- --- Pimpalchouk 4th Monday 

20. --- --- Bhusha 4th Tuesday 

Note: 4 days of 4th week is reserved for collection of report, visit and supervision of   the   
district level senior officer



146

22.13. Availability of medicine.

Source: District Collector Office

Sr.No. Name of medicine. Stock of Medicine(unit) 

1. Tab. Paracetamol 1412500

2. Tab. FUrazolidine 650000

3. Tab. septron DS 60000

4. Tab. Metronidazole 49500

5. Tab.ciprofloxacine 58110

6. Cap. Cipro+metrocombination ---

7. Cap. Tetracycline 2000

8. Cap.doxy 25000

9. Liq.Mediclore 1950

10. ORS 155000

11. I.V.Set ---

12. Scalp ven set ----

13. inj.cry penicillin ---

14. I.V.R.L. 29837

15. Syp.ceptran 3700

16. Syp.Nalidixic --

17. Syp.Furazolidione ---

18. O.T.Test kit 12

19. C.B.Media 10

20. Tab. chloraquine 4500

21. Tab.Primaquine ---

22. Inj.A.S.V 411

23. Inj.rabpur 2780
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22.14 Aid to Cattle.

Aid provisions made by animal husbandry department for cattle’s are as below 

Source: Animal Husbandry office, Nandurbar                                                     

Sr.no. Food 

Cow,Buffalow 

GoatSmall Big

1 Fodder 3kg/daily 6kg/daily 0.6kg/daily

2 Water 10-15 lit/day 30-40lit/day 3-4 lit/day
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CHAPTER 23

v SOCIO-ECONOMIC IMPACT

23.0 Introduction

Conducting a Socio -Economic Impact Assessment (SEIA) is necessary in order to 

find out whether the objectives of the Plan/ Project have been achieved after project 

completion, as anticipated at the time of Project/ Plan formulation. It also helps to 

determine whether the impact of the Project conform s or responds to the objectives of 

the relevant national/ state policies. Social and economic impacts go hand in hand. A 

planning process essentially should include a socio -economic impact analysis in order to 

get a clear understanding of the objectives an d the final achievement of the plan.

Different socio-economic indicators like the Human Development Index, per capita 

income, and BPL families have been considered here. The HDI is considered to be one of 

the very critical indicators as it takes into consi deration important factors like health, 

education and literacy. The HDI of a particular district gives an overview of the socio -

economic condition of that district.

23.1.1 Socio-economic indicators of the Narmada basin

Population. Sex Ratio, Literacy, of Narmada Basin

Region Population Sex Ratio Literacy

1 2 3 4

Females per 1000 
males

%

Nandurbar 1648295 978 64

Source: Maharashtra State Data Bank Beta https://mahasdb.maharashtra.gov.in/home.do;
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Rehabilitation Facilities

· Providing drinking water facilities in the new habitats by laying pipelines and 

installing hand pumps.

· Planning and constructing children parks with play equipments.

· Constructing primary schools and kindergartens.

· Establishing dispensaries, health centers, and organizing human health camps 

especially for women, children and old people. The emphasis is on creating 

awareness and acceptance of the economic value of human health.

· Water drainage projects and building culverts.

· Development of agricultural land, crop demonstration, etc.

· Afforestation projects around the habitats.

· Introducing lift irrigation schemes and other water retaining devices.

· Organizing various training classes for preparing jam, jelly, tomato catch -up and 

tailoring, especially for women to create opportunities for self -employment.

· Encouraging residents to save money by investing small amounts in banks and 

small savings scheme of the government.

· Organizing training for security guards, car/truck and tractor dri ving.

· Introducing youth activities, and persuading them to refrain from alcohol and 

other vices.

· Cattle care programmed, vaccination, and making them aware of the cattle 

diseases.

· Training programmer in areas of productive farming, hand pump repairs, 

tractor/car repairs so that people become self sufficient in the village.

· Night schools for illiterates; women, youth and adults.
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23.1.2 Due to the Sardar Sarovar Project rehabilitation of Narmada basin in Maharashtra 

PAP displacement from Narmada basin to Tapi basin. Due to the rehabilitation increase 

the population near taluka place so that all facilities improved. In Economical field 

improved in agricultural production, Medical and educational development improved .

Sr. 
No.

Taluka Total 
geographical 

area

Ha

Forest Land

Ha

Non agricultural 
land

Ha

Agricultural 
land

Ha

1 Akkalkuwa 86874 43378 2427+4353 38304

2 Akrani 50593 7498 2399+711 18259

Source: Nandurbar District Statistic Division Office Report of year 2016

Sr. 
No.

Taluka
No of 

Villages

No. of 
Gram 

Panchayat

Drinking 
water 
supply 
facility 
villages

12 
Month 
Road 

villages

8 
Month 
Road 

villages

Non 
Connecting 

Road villages

1 Akkalkuwa 190 67 189 169 14 9

2 Akrani 162 50 162 130 3 30

Source: Nandurbar District Statistic Division Office Report of year 2016

Sr. 
No.

Taluka Electricity 
Supplied 
Village

ST buses 
transport 
villages

Bank 
offices 
Villages

Primary 
School 
villages

Primary 
Heath 

Service 
Villages

Anganwadi 
Villages

Draught 
Villages

Post 
Office 

Villages

12 
Mon
ths

8 
Mon
ths

1 Akkalkuw
a

190 113 0 5 189 84 189 0 10

2 Akrani 162 91 0 3 162 68 162 0 22

Source: Nandurbar District Statistic Division Office Report of year 2016
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Sr. 
No
.

Taluka Ration Shop Ration Holders Godawn Godawn 
Capacity

MT
Ongoing Closed Annapu

rna 
Yojana

Below 
BPL

Above 
BPL

1 Akkalkuw
a

195 0 19583 16597 10876 4 2000

2 Akrani 161 2 16812 5838 4672 2 1000

Source: Nandurbar District Statistic Division Office Report of year 2016

Land Revenue, ZP, Gram Panchayat, Panchayat Samiti, EGS, Education, City Survey, 

Sr. No. Taluka Land 
Revenue 
Demand

In 
Thousand

Land 
Revenue 

Uncollected

In 
Thousand

Net Land 
Revenue

In 
Thousand

Revenue 
Collected

In 
Thousand

Actual 
Land 

Revenue 
Collect

In 
Thousand

Land 
Holders

In 
Thousand

1 Akkalkuwa 800 0 800 800 5604 17942

2 Akrani 100 0 100 100 6130 1235

Source: Nandurbar District Statistic Division Office Report of year 2016

Royalty, Fisheries, Court Fee, Stamp Fee, BBDR, etc

Sr. 
No.

Taluka Land 
Revenue 
Demand

In Thousand

Land 
Revenue 

Uncollected

In Thousand

Net Land 
Revenue

In Thousand

Revenue 
Collected

In Thousand

Actual Land 
Revenue 
Collect

In Thousand

1 Akkalkuwa 31200 0 31200 31200 16712

2 Akrani 30344 0 30344 30344 6199

Source: Nandurbar District Statistic Division Office Report of year 2016

Sr. 
No.

Taluka Total Grain 
Production

MT

Total Pulses 
Production

MT

Total Seed 
Oil 

Production

MT

Sugar Cane 
Production

MT

Cotton 
Production

MT

1 Akkalkuwa 19529 2400 3718 7433 253

2 Akrani 10804 1507 1514 3028 10

Source: Nandurbar District Statistic Division Office Report of year 2016
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Sr. 
No.

Taluka Type of Factories Total District Industrial 
Investment

Red Orange Green No of 
Project

Investment 
in Cr.

1 Akkalkuwa 1 7 10 18 61 67.95

2 Akrani 0 3 4 7 2 80.80

Source: Nandurbar District Statistic Division Office Report of year 2016

Population Year 2011

Sr. 
No.

Taluka Villages Population No. of Families

Total Male Female

1 Akkalkuwa 189 215974 108251 107723 42062

2 Akrani 162 189661 94690 94971 31898

Source: Nandurbar District Statistic Division Office Report of year 2016

23.2 Industrial growth in Narmada basin

There is no Major project in Narmada basin which constructing for Irrigation for 

Narmada basin of Maharashtra state therefore no Industrial growth was in Narmada 

basin of Maharashtra state.

23.3 Increase in diseases in Narmada basin

In Narmada basin of Maharashtra state no diseases found due to Irrigation Projects.

23.4 Employment opportunities created in Narmada basin

Employment Opportunities also not created in Narmada basin of Maharashtra state.



153

CHAPTER 24

v PLANNING

24.0 Mission Statement

Planning for the optimal use of water Resources in a River basin by deploying 

physical, financial and human resources to satisfy all basic human and environmental 

needs in an economical and human resources to satisfy all basic human and 

environmentally sustainable manners

24.1 Objectives

To bring about long term development of surface and ground water resources of 

the basin in an integrative manner.

24.2 Diverting 5.59 TMC water from Narmada Basin to Tapi Basin

Ø Project Features
i. Construction of 6 Nos of Diverting Bandharas and main Storage Tank

ii. Water diverting from Narmada basin to Tapi basin by Tunnel

iii. Total 5 Tunnels, Total Length 53 Kms.

iv. Power generation of 11.50 Mwat from 80Mtrs Water Head of Water 

Diverting Project.

v. 23560 Ha Irrigation by cannel system.

vi. Total expenditure 1549 Cr.

vii. Project annual Income 282 Cr.

viii. BC Ratio 1.52

ix. Due to Power generation total 11000 Houses Electricity can Supply

x. Fisheries development.

xi. Providing Drinking Water to Remote Area

xii. Due to this project Dh adgaon Taluka and Akkalkuwa Taluka can develop in 

industrial, agricultural and Infrastructural field.
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Chapter 25  

v Institutional & Legal Arrangements. 

25.1 Background:  

Water resources development plays vital role in social and economic aspect of 

state. The questions of allocation of ownership and use rights on groundwater are 

among the least understood; what is worse, they are also among the least researched. 

This major research gap is surprising especi ally because it is common knowledge that in 

order to promote efficient exploitation and use of a resource such as groundwater, 

property rights need to be well defined and enforced. If enforceable property rights are 

assigned to individuals, much externalit y in groundwater use and management could be 

internalized through market forces. Its future now critically depends upon Water 

Management, Governance & Regulation (WMGR). Improved & effective WMGR 

demands robust Institutional & Legal Arrangements (ILA). Bef ore going into the details of 

ILA, it would be worthwhile to take note of some of the important developments in the 

discourse on WMGR in general & ILA in particular at international as well as national 

level.

Water and Constitution of India:

Since water policies, water laws & ISWP should be as per the Constitution, 

important provisions related to water in the Constitution are given in Annex - 2. Water in 

its natural state is a common pool resource & the SC has applied the public trust 

doctrine to both surface & groundwater. Private property rights in groundwater, 

therefore, are now inappropriate.

Manual on Artificial Recharge of Ground water by Central ground water board 
ministry of India (sept 2007.) 

The above manual helps as a legal guidance to project executers relevant to 

percolation tank. Manual on Artificial Recharge of Ground Water enlisted some 

point as noted below
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I. Site Selection Criteria.

II. Investigations Required.

III. Engineering Aspects.

25.4 The Right To Fair Compensation A nd Transparency In Land Acquisition, 
Rehabilitation And Resettlement act,2013 No. 30 Or 2013 26th Septem ber\2013.1

The  provisions of this Act relating to land acquisition compensation, rehabilitation Act  

and resettlement,  shall apply, when the appropr iate Government acquires  land for its 

own use, hold and control,  including for Public  Sector Undertakings  and for public  

purpose,  and shall  include the following purposes,  namely: -

(iv) Project for water harvesting and water co nservation structures, 

sanitation.

25.5 MWRRA Act, 2005: Theory

Provisions for Water Governance:

· The MWRRA Act, 2005 has made following very important & useful provisions 

for creating a solid & robust frame work for ILA & Water Governance in the 

State:

Table: Provisions for Water Governance

Sr.No. Section Provision Purpose
1 2 3 4
1 2 (1) (u) Definition of River basin Agency 

(RBAs)
To establish RBAs to give the Water 
Entitlements

2 14 Permission of RBA To authorize the water use in the State
3 15 State Water Board To prepare a draft Integrated State Water 

Plan (ISWP)
4 16 State Water Council To approve the draft ISWP submitted by the 

State Water Board.
5 11 (f) (For MWRRA) to review & clear 

water resources projects proposed 
at the sub-basin & river basin level 
to ensure that a proposal is in 
conformity with Integrated State 
Water Plan.....

To develop & manage water resources in the 
State in systematic, systemic & river basin 
wise manner as per the State Water Policy & 
MWRRA Act.

6 13 Powers of Authority & Dispute 
Resolution Officer

To resolve water conflicts

7 22 Disputes & Appeals To resolve water conflicts
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25.6 MWRRA ACT, 2005: 

Constraints in implementing the ISWP:

“Provisions in MWRRA Act, 2005 & their direct linkages with ISWP” and “Amendments to 
MWRRA Act & its implications on ISWP” are given in Annexes – 3 & 4 respectively. From 
the perusal of these two self explanatory Annexes, it is seen that are many constraints in 
implementing the ISWP. Gist of those constraints is given below.

Compliance to MWRRA Act Institutional & Legal Arrangements
1 2
1. No Rules.
2. Projects cleared without ISWP 
3. Many provisions in the Act  not   yet used 
4. Adverse impacts of amendments in 2011

(a) Redistribution of water – not possible
(b) Entitlements – process jeopardized.
© Sec 14 (1) – Can’t be implemented.

1. No RBAs

(a) SWB & SWC – Not adequately 
equipped. Not fully operational 
zed

3. Adverse impacts of 1 & 2 above   on
(a) Data validation  
(b) Involvement of  all departments
© Quality of ISWP 

Conversion of Irrigation Development Corporations into River Basin Agencies 

Sub-basin wise water plans are supposed to be prepared by the RBAs . However, there 

are no “true” RBAs. MWRRA Act has taken a short cut. As per Section 2 (2) (u) existing 

Irrigation Development Corporations (IDC) are only the RBAs. But IDCs cannot be the 

RBAs in the truest sense of the term. Conversion of IDCs into RBAs is a must because of 

the following difference between IDCs & RBAs.

IDCs RBAs
1 2

Mono-disciplinary (only Civil Engineers)
Emphasis on
- Project-wise development (i.e. only construction),
- Surface water,
- Irrigation & Hydropower

- Water Management with W R D)

Inter-disciplinary ( representation to all categories of water 
users)
Emphasis on
- Integrated river basin/ sub-basin- wise  development & 

management
- Surface & groundwater
- Irrigation & Non-Irrigation
- Permission to water use & issuance of water entitlements  

u/s 14

Actually, RBA is an accepted principle world over! State Water Policy envisages RBAs. 

MWRRA Act provides for RBAs. Maharashtra Krishna River Basin agency (MKRBA) bill has 

already been prepared by WRD but the same is not being processed. GR on 

Restructuring of WRD laid emphasis on RBAs. SIT (Chitale committee) recommends 

RBAs. RBAs & ISWP together form the strategy of Reforms. Suresh Kumar Committee (31 
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Jan 2016) has also recommended conversion of IDCs into RBAs. On this background, it is 

suggested that GoM may take an e arly decision to formally convert IDCs into RBAs & 

remove the biggest hurdle in preparing ISWP.

25.6.1 Linkages of ISWP & MWRRA with other Water Laws

Acts in force:

Following nine irrigation related Acts are in force simultaneously in the Stat e.

�Maharashtra Irrigation Act (MIA) 1976

� Irrigation Development Corporations (IDC)  Acts 1996 – 1998 [Total 5 Acts]

� Maharashtra Management of Irrigation System by the Farmers (MMISF) Act 2005

� Maharashtra Water resources Regulatory Authority (MWRRA) Act 200 5

� Maharashtra  Ground Water ( Development & Management) Act, 2009 (MGW)

Barring the exception of MGW Act, all other Acts are based on MIA & refer to the same 

as MIA is the Parent Act.

25.7 NWDT Award

The NWDT Award covers allocation of water to the party States, FRL of Sardar Sarovar 
and Narmada Sagar Dams, Full Supply Level of Narmada Main Canal, sharing of cost and 
benefits, regulated releases to be made by MP, apportionment of cost of Sardar Sarovar 
dam between irrigation and power, setting up of machinery to implement the Award, 
period of operation of certain clauses of the Award.

1. Utilizable quantum of waters of Narmada at Sardar Sarovar Dam on the basis of 
75% dependability was assessed on 34537.44 Mcum (28 Maf).

2. The shares of the 4 party States in the above quantity allocated as under:

Madhya Pradesh 22511.01 Mcum

Gujarat 11101.32 Mcum

Maharashtra  308.37 Mcum

Rajasthan 616.74 Mcum

Total  34537.44 Mcum
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3. Net power produced at Canal Head and River Bed Power Hou ses to be shared as 
MP 57%, Maharashtra 27% and Gujarat 16%.

4. The irrigation component to be shared by Gujarat and Rajasthan in the ratio 18:1.

5. Setting up of the following machinery for implementation of the Award was 
directed:
- Narmada Control Authority (NCA)

- Sardar Sarovar Construction Advisory Committee (SSCAC)

- Review Committee of NCA (RCNCA)

The SSCAC was to be dissolved after 3 years of construction of Unit I & III. ( Unit-I -
Dam & Appurtenant work)

Water & the Constitution of India

(1) Entry 17 in the State List:

“Water, that is to say, water supplies, irrigation & canals, drainage & 

embankments, water storage & water power subject to the provisions of Entry 56  

of List I” (Union List)

Entry 17 provides legislative competence to States implies executive powers to 

States & enables them to plan & implement dam projects but it is not an 

unqualified entry. It is subject to Entry 56 in the Union List.

(2) Entry 56 in the Union List

“Regulation & development of inter-State rivers & river valleys to the extent to 

which such regulation & development under the control of the Union is declared 

by Parliament by law to be expedient in the public interest.”

Water is, thus potentially as much a Central subject as a State subje ct, 

particularly as most of the country’s important rivers are inter -State. The River 

Boards Act 1956 has been passed under Entry 56. 
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(3) Entry 20 in the Concurrent List:

“Economic & social planning”

By this Entry, major & medium irrigation, hydropower, f lood control & 

multipurpose projects have been subjected to the requirement of Central 

clearances* for inclusion in the national plan

*The Forest Conservation Act 1980, the Environment Protection Act 1986, the 

Wild Life (Protection) Act 1972, the Water (Pr evention & Control of Pollution) 

Act 1978    

(4) Article 262: 

“Adjudication of disputes relating to water of inter -State rivers or river valleys

(1) The Parliament may by law provide for the adjudication of any dispute or 

complaint with respect to th e use, distribution or control of the waters of, or in, 

any inter-State river or river valley

(2) Notwithstanding anything in this Constitution, Parliament may by law provide 

that neither the Supreme Court nor any other court shall exercise jurisdictio n in 

respect of any such dispute or complaint as is referred to in clause (1)”

The Inter-State Water Dispute Act 1956 has been enacted under Article 262. 

(5) 42nd Amendment (1976):

References to the protection of the environment, forests & wild life were 

introduced via Articles 48A & 51A [& two entries related to forests & wild life was 

added to the Concurrent List] 

(6) 73rd & 74th Amendment (1993)  

The 11th & 12th schedules to the constitution lay down lists of subjects to be 

devolved to the panchayats & nagarpalikas. The lists include, inter alia , drinking 

water, water management, watershed development & sanitation.
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(7) ISWD Act 1956

This Act a bearing on dam projects. The allocation of waters & the restrictions 

imposed by a Tribunal Award needs to be honored. Tribunal may even specify 

certain features in some particular projects (e.g. Narmada, Krishna) Award may 

lead to formulation or acceleration of projects with a view to making sure of 

retaining the State’s share of the waters (e.g. Planning of Krishna waters in 

Maharashtra) Post-award disputes relating to certain projects (e.g. Telgu Ganga, 

Alamatti)

(8) The River Boards Act 1956:

This Act has been passed by Parliament under Entry 56 of the Union List. It p rovides 

only for the establishment of advisory boards.

v 25.9 Narmada Control Authority 

The Narmada Control Authority (NCA) was set up by a resolution of 

the Central Government in 1980 as per the provisions contained in the Narmada Water 

Disputes Tribunal (NWDT) Awa rd. The main functions of NCA are overseeing the 

implementation of the NWDT Award for planning and management of the waters of 

Narmada basin including storage apportionment, regulation and control of storages, 

sharing of power benefits from Sardar Sarovar Project, etc. 

A Review Committee headed by the Union Minister for Water Resources 

and Chief Ministers of the States of Madhya Pradesh, Maharashtra, Gujarat and 

Rajasthan and Union Minister for Environment and Forests as members has to take final 

decision on matters of any disagreement, which is binding on all co -basin States

(1) Government of India Ministry of agriculture and irrigation New Delhi Report of the 

National Commission on Agriculture part IV Climate and Agriculture 1976
(2) Times of India editorial 11 Oct 2017 (Nandurbar news)

(3) MWRRA report 

(4) National crop forecast centre dept. of agriculture report 2012 plate 1 6.


