
823

Journal of Environmental Research And Development Vol. 5 No. 3A, January-March  2011

ESTIMATION   OF   SURFACE   AND   GROUND   WATER
RESOURCES  IN  SAGAR,  MADHYA  PRADESH,  INDIA

Sanjeev Rajoriya*1, R.  K.  Jaiswal and R.  V. Galakte2

1.  JAP,  Planning, Economic and Statistical Department, Government of Madhya Pradesh,
Sagar, Madhya Pradesh (INDIA)

2.   National Institute of Hydrology, GPSRC, Sagar, Madhya Pradesh (INDIA)

Received November 14, 2010          Accepted March 4, 2011

ABSTRACT
Water has traditionally been regarded as an inexhaustible gift of nature. But the increasing demand
and existing pattern of use of water resource have threatened human welfare, livelihood, development
and indeed life itself in the years to come. The Sagar district of Bundelkhand part of Madhya Pradesh
(India), in spite of good rainfall, good drainage density suffers frequent drought due poor management
of water resources. Estimation of available surface and ground water resources are the basis of
development of water resources facilities in the region and in the present study, an attempt has been
made to quantify the surface and ground water resources in all eleven blocks in Sagar district. The
Soil Conservation Services (SCS) model has been employed for estimation of surface water resources
while recharge factor method has been used for estimation of ground water potential. Using water
resources and available irrigation facilities in these blocks, potential blocks have been identified.
From the analysis, it has been observed that the composite curve number for different blocks in
Sagar district range between 75.55 and 82.22. The total surface water calculating by this method is
7856.58 million cubic meter in the district for the year 2004. The distribution of ground water recharge
is uneven in different blocks in Sagar district and availability of ground water in the year 2004 has
been computed as 1810.09 ha-m. The Deori block has been identified as rich in water potential on the
basis of availability of water resources and irrigation potential. The Kesli, Sagar, Khurai and Jaisinagar
can be classified in the middle range while remaining six blocks can be considered as poor blocks in
term of water resources.

Key Words : Soil Conservation Services (SCS), Recharge factor method, Composite curve,
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INTRODUCTION
Water resources are at the heart of sustainable
development because water of sufficient quantity
and quality is not only an essential resource for
agriculture, industry and tourism, but also for
everyday life in cities and villages1 elaborates that
the sum total of all the material components of
the environment, including both mass and energy,
both things biological and things inert, can be
described as total stock; and resources are that
portion of stock which could be used under
specified technical,  economic and social

conditions. Water can exist in all three-matter
states, viz. solid, liquid and gaseous, at a single
location. An estimates show that the total volume
of water on earth is about 1.4 x 109 cubic
kilometers. More than 97% is ocean water and
only less than 3 percent is fresh water. At any
given moment, more than 77.2 per cent of fresh
water is stored in ice-caps and glaciers, 22.4 per
cent is ground water and soil moisture, 0.35 is in
lakes and swamps, 0.04 per cent is in the
atmosphere and less than 0.01 per cent in the
stream2. Quantum of water resource is largely
dependent on climatic pattern. It is  the
physiography and structure that determine the*Author for correspondence
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conditions of the runoff, aquifers, water table etc.,
which ultimately determine the feasibility of water
resources. There is ample water at one place and
hardly enough water at another. Therefore,
knowledge of the existing water resource and its
availability change with the changing awareness
and technology. In the present study, an attempt
has been made to evaluate the surface water
resources in Sagar district which can be used as
prime input for planning developmental activities
and water resources management.3-5

Study Area
The Sagar is an important district in Bundelkhand
part of Madhya Pradesh (India). Total geographic

area of the district is 10252 sq. km. and
administratively divided in 11 blocks (Fig. 1).
Geologically, greater part of the district is situated
on the rocks of the Vindhyan system and the
Deccan Trap volcanic series, the latter covering
about two-thirds of the district. The Archaeans
are oldest rocks in the district. The Sagar district
falls in two major river systems- Ken and Betwa
system. About 44% of the district falls in sub-
basin of the Ganga basin, 53% in Betwa sub-basin
of Yamuna basin and 3% in Narmada basin.
Bewas, Sonar, Kopra and Bearma are the
tributaries of river Ken and Bina, Jamni, Naren
and Dhasan are the tributaries of river Betwa.
The drainage of the district is directed towards
the north and northeast. The five big rivers of the
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district, viz. the Bina, the Dhasan, the Bewas, the
Sonar and the Bamner are all perennial rivers.
They form the main streams, which are joined by
a number of small tributaries, most of which are
only wet-weather rills coming down the
intervening ridges, and joining the main streams
at an acute angle.

Total population of the Sagar district is 20, 21,987
persons in 2001, which is 3.35 per cent of the
total population of the state. Out of the total
population, 10,73,205 are males and 9,48,782 are
females. Thus there are 884 females per thousand
males in this district. More than two-thirds (14,
30, 421) population live in 2105 villages of different

Fig. 1 : Location of blocks in Sagar district, Madhya Pradesh (India)
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size and only 29.24 percent (591362 persons) are
residing in 13 urban places. Average annual rainfall
of this district 1172.8 mm. This average annual
rainfall ranges from 1034.1 mm at Malthone to
1266.4 mm at Deori. The first place is in the north-
central part while Deori is in the southeastern
corner of the district.3-6

METHODOLOGY
The present study is intended to estimate the
surface and ground water estimation for all blocks
of Sagar district. For estimation of surface water
resources, the Soil Conservation Services (SCS)
model has been used while, ground water
resources has been estimated by applying recharge
factor.
Soil Conservation Service (SCS) Model
The SCS (Soil Conservation Service) model for
estimating surface runoff is developed by USDA7

and computes direct runoff through an empirical
equation that requires the rainfall and a watershed
coefficient as inputs. The watershed coefficient
is called the curve number (CN), which represents
the runoff potential of the land cover soil complex.
This model involve relationship between land
cover, hydrologic soil class and curve number. The
SCS model enables the hydrologist to simulate
various design alternatives and compare the
results. The parameter defined by landuse allows
the user to experiment with alternative form of
land development and management and to assess
the impact of the proposed changes. Hence, most
planning agencies in watershed management use
this method to estimate volume of the direct runoff
water from a given storm8. The SCS model
computes direct surface runoff (Q) from any basin
using following equation:

SIP
)IP(Q

a

2
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To simplify Eq. 1, initial abstraction is related to
potential maximum retention. The following
relationship between initial abstraction and
potential maximum retention has been developed
for Indian conditions.
1. For black soil region (Antecedent moisture

condition I) and for all other regions:
Ia = 0.3 S                   (2)

Therefore Eq. 3 reduces to
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2.  For black soil region (Antecedent moisture
condition II & III):

Ia = 0.1 S   (4)
Therefore Eq. 3 reduces to
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Eq. 5 is used with the assumption that the cracks
that are typical of black soil when dry, are filled.
In practice, the Runoff Curve Number (CN) is
used as a transformation of S, as follows:

254
CN

25400S 

Where,CN is runoff curve number of hydrologic
soil cover complex, which is a function of soil type,
land cover and antecedent moisture condition
(AMC), Q  is actual direct runoff, mm, P is total
storm rainfall in cm and S ispotential maximum
retention of water by the soil, cm.
Estimation of ground water resources
Ground water resources are the quantities of
water that can be with drawn from ground water
storage. They are quite varied in nature. The
available resources can be estimated by adopting
different techniques, three of them are popular.
They are (i) calculating of ground water resources
by rainfall infiltration method, (ii) computing of
ground water resources by ground water flow
techniques, and (iii) calculation of water resources
from geological and climatological data. rainfall
is the principal source of recharge to the ground
water body in the district because of this the
ground water survey units of the district have
adopted the first technique rainfall infiltration
method; for evaluation of ground water resources
of the district. It is based on various parameters.
The calculation of ground water recharge has been
done on the A. R. D. C. III norms adopted for
calculations assuming infiltration Index as 15%
for Deccan trap, granite, gneisses and 10% per
Vindhyans, quartzites, shales and Bijawars
phylites quartzites and dolemitic limestones. Data
of rainfall (Annual average), land use data,
population data and water drafting means of
ground water are used in this method.9-10
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Table 1 : Computation of composite curve number for different blocks in Sagar district
S.N. Land use Area (hectare) CN (AMCII)

Block- Sagar
1 Forest 11,749.000 7 0
2 Barren Land 14,251.000 8 8
3 Scrub 15,026.000 7 3
4 Good Crop 52,321.000 8 3

Composite curve number (CCN) 80.634
Block- Jaisinagar

1 Forest 25,527.000 7 0
2 Barren Land 6,396.000 8 8
3 Scrub 7,241.000 7 3
4 Good Crop 43,763.000 8 3

Composite curve number (CCN) 76.882
Block- Rahatgarh

1 Forest 21,974.000 7 0
2 Barren Land 7,035.000 8 8
3 Scrub 7,927.000 7 3
4 Good Crop 55,303.000 8 3

Composite curve number (CCN) 79.553
Block- Rehli

1 Forest 10,283.000 7 0
2 Barren Land 7,050.000 8 8
3 Scrub 7,662.000 7 3
4 Good Crop 60,594.000 8 3

Composite curve number (CCN) 80.994
1 Forest 55,190.000 7 0
2 Barren Land 5,605.000 8 8
3 Scrub 12,128.000 7 3
4 Good Crop 47,376.000 8 3

Composite curve number (CCN) 76.335
Block- Kesli

1 Forest 55,439.000 7 0
2 Barren Land 3,735.000 8 8
3 Scrub 13,490.000 7 3
4 Good Crop 34,974.000 8 3

Composite curve number (CCN) 75.553
Block- Bina

1 Forest 701.000 7 0
2 Barren Land 4431.000 8 8
3 Scrub 6,724.000 7 3
4 Good Crop 54,205.000 8 3

Composite curve number (CCN) 82.222
Block- Khurai

1 Forest 18,619.000 7 0
2 Barren Land 4,981.000 8 8
3 Scrub 4,040.000 7 3
4 Good Crop 62,697.000 8 3

Composite curve number (CCN) 80.192
Block- Malthone

1 Forest 25,193.000 7 0
2 Barren Land 4,277.000 8 8
3 Scrub 4,808.000 7 3
4 Good Crop 48,454.000 8 3

Composite curve number (CCN) 78.798
Block- Banda

1 Forest 34,430.000 7 0
2 Barren Land 6,710.000 8 8
3 Scrub 9,457.000 7 3
4 Good Crop 47,947.000 8 3

Composite curve number (CCN) 78.039
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Annual groundwater recharge
The estimate of the possible recharge is calculated
with the help of rainfall data. It is called 'adhoc
norm' method. Recharge in monsoon season by
this method is calculated as follows:
Recharge=Geographical area (ha) x rainfall (mm)
x recharge factor

RESULTS   AND   DISCUSSION
In the present study, surface and ground water
resources for all blocks have been computed for
efficient water resources planning and determi-
nation of water stress blocks.

Surface water estimation by SCS model
The landuse/land cover and soil type with cropping
management practices are the basis of
computation of curve number in this model. The
block wise curve numbers for different land uses
and composite curve number for whole blocks is
given in Table 1.

Using the CCN values, surface runoff for each
blocks have been computed (Table 2). More than
99 percent of surface water in form of surface
runoff is available in four rainy months, viz. June,
July, August and September of the year.

Table 2 : Block-wise monthly estimation of surface water availability in 2004

 Months Sagar Jais i Rahat R e hl i Deori Kesli B i na Khur ai Mal Banda S ha h Total
Nagar garh tho ne garh

 Jan. 1.9 0.0 0.0 1.5 15.5 0.0 0.0 0.0 0.0 0.0 0.0 18.9

 Feb. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 1.8

 March 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 April 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 May 0.0 0.0 0.0 0.0 7.5 0.0 0.0 0.0 0.0 0.0 0.0 7.5

 June 305.7 126.6 116.0 127.1 417.9 134.7 95.2 116.5 180.5 157.4 105.2 1882.9

 July 75.4 78.7 64.1 94.4 293.5 455.3 102.2 116.4 63.4 24.5 83.7 1451.5

 August 360.4 356.1 344.9 239.6 450.3 470.2 317.6 429.0 238.0 292.4 302.1 3800.6

 Sept. 39 .2 109.8 20.1 77.1 102.1 60.6 16.8 50.9 68.2 99.8 2.6 647.3

 October 0.0 9.3 0.2 3.3 22.2 5.2 2.3 0.0 2.4 1.2 0.0 46.0

 Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 Dec 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 Total 782.6 680.5 545.4 543.0 1309.0 1126.0 534.1 712.9 552.6 577.0 493.5 7856.6

Ground water estimation
Estimated employing this method, total potential
(Re) of ground water arrives at 1810.09 ham in
the district in 2004 while net recharge (70%) is
1267.06 ham. Out of total recharge of ground
water about 30 per cent water is recycled. Using
this method block-wise groundwater recharge has
been calculated and presented in Table 3.
It is evident from the above table that the
distribution of ground water potentials is uneven.
It ranges from only 7583 hectare metres in Bina
block to 17377 hectare meters in Deori block of
the district. It is lower than 10,000 ham in three
blocks, viz. Bina, Malthone and Shahgarh. On the
other hand, it is more than 11000 ham in seven

blocks, highest being 17377 ham in Deori block.
Other blocks with large potential are Kesli and
Sagar.
Identification of poor and rich blocks
On the basis of total surface and ground water
water potential, blocks of the district can be
classified into three broad classes of very high,
medium and low potentiality of water resources.
There is only one block Deori with very high
potentiality of water resource, which is above
1000 (1155.54) Mcum. This block is identified as
very rich of water resource. There are four blocks-
Kesli, Sagar, Khurai and Jaisinagar- having
potentiality between 600 to 1000 Mcum and can
be classed as blocks of medium potentiality of
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water resource. which is between 600 to 800
Mcum. Remaining six blocks of the district have
low potentiality of water resources. Their

potentialities are between 400 to 600 Mcum. These
are identified as poor block in respect of water
resources (Table 4).

Table 4 : Classification of blocks on the basis of water potential and irrigation

            Status of Irrigation (as per cent of NSA)

      Potentiality High Medium Low
(More than 40%) (30-40%) (Less than 30%)

  High > 1000 Mcum Deori – –
  Moderate Jaisinagar Kesli, Khurai –
  (600-1000 Mcum) and Sagar
  Low (< 600 Mcum) Shahgarh, Rehli, Bina. Rahatgarh Malthone, Banda

Table 3 : Block-wise estimation of groundwater recharge (ham)

 Name of Geographic Avg. Annual Groundwater Net Rechargeham
 Block Area (ha) Rainfall (mm) Recharge (Re) (70%)
 Sagar 96580 1215 17602 12321
 Rahatgarh 94470 1169 16565 11596
 Jaisinagar 84640 1225 15553 10887
 Raheli 86710 1222 15894 11126
 Deori 121780 1359 24825 17377
 Kesli 111690 1240 20774 14542
 Bina 67620 1068 10833 7583
 Malthon 83980 1034 13025 9118
 Banda 101850 1077 16454 11518
 Shahgarh 82080 1078 13272 9291
 Khurai 91360 1183 16212 11348
 Total 1022760 181009 126706

CONCLUSION
Estimation of surface and ground water resource
are important aspect for water resources planning.
The land use/land cover, soil type and management
practice bases SCS model employed in this study
provide basis for computation monthly surface
water computation in different blocks in Sagar
district. The composite curve numbers in different
blcks vary from 75.55 to 82.22. The distribution
of surface runoff in these blocks is uneven with

Deori is rich in surface water resources.  The
ground water resources were calculated using
percent recharge method and it may be concluded
that the distribution of ground water potentials is
uneven. It ranges from 7583 hectare metres in
Bina block to 17377 hectare meters in Deori block
of the district.  The rich and poor blacks on the
basis of water resources potential and irrigation
status have been identified and Deori block has
been identified as the most potential block in
district.
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