
47 

INTRODUCTION 
The water resources planning in a region is an interplay of the 

factors responsible for availability of water and its movement 

within the basin namely climate, surface water hydrology, 

ground water, topography and the variables associated with 

socio economic development causing the growth of demand for 

various purposes and the way in which water is stored within 

the basin and is allocated for various demands. An appropriate 

integrated water resources management model is useful in 

bringing out the actual state of affair in respect of water 

availability for various water demands, deficit after judicious 

and scientific allocation of available water. Following the 

construction of a large dam, the management of stored water 

also becomes important and is to be considered in water 

resources planning. An attempt has been made in this study to 

address water planning and resources allocation problems and 

issues arising in various growth scenarios in a sub basin formed 

as a result of construction of a large multipurpose dam..  The 

WEAP21 (The Water Evaluation and Planning version21) 

model has been utilized in the study to achieve the above stated 

objectives. 

 The river Chambal originating from Indore district, passes 

through states of Madhya Pradesh, Rajasthan and Uttar Pradesh 

before joining river Yamuna at Panchnad in Urai district, Uttar 

Pradesh. The upper Chambal basin with Gandhisagar project at 

its terminal end has been considered as the case. An attempt has 

been made in the study to develop multiple scenarios for 

planning of water resources in the study area. The model has 

been calibrated for the safe yield studies for irrigation in this 

sub -basin. 

WEAP-21 MODEL 
The Water Evaluation and Planning version 21 (WEAP 21) has 

been developed by Stockholm Environmental Institute (SEIS). 

The WEAP 21, an IWRM model, attempts to address the gap 

between water management and watershed hydrology and the 

requirements that an effective IWMR be useful, easy to use, 

affordable and readily available to the broad water resources 

community. WEAP 21 integrates a range of physical hydrologic 

processes with the management of demands and installed 

infrastructure in a seamless and coherent manner. It allows for 

multiple scenario analysis, including alternative climate 

scenario and changing anthropogenic stressors, such as land use 

variations, changes in municipal and industrial demands, 

alternative operating rules, points of diversion changes etc. 

Strength of WEAP 21 model is in  addressing water planning 

and resource allocation problems and issues, and importantly, is 

not designed to be a detailed water operations model, which 

might be used to optimize hydropower based on hydrologic 

forecasts, Yates (2005). The WEAP 21 has modern graphic user 

interface (GUI), a robust solution algorithm to solve the water 

allocation problem. WEAP 21 data-objects and the model 

framework are graphically oriented and allow for spatial 

referencing of watershed attributes (river and ground water 

systems, demand sites, waste water treatment plants, watershed 

and political boundaries and river reach lengths). WEAP 21 

model simulations are constructed as a set of scenarios, where 

simulation time steps can be as short as one day to weekly, or 

even seasonally with a time horizon from as short as a single 

year to more than 100 years. Yates (2005) 

WEAP 21 calculates a water and pollution mass balance for 

every node and link in the system at each time step. Each period 

is independent of the previous, except for reservoir storage, 

aquifer storage and soil moisture. Thus all the water entering 

the system in a given time period is either stored in the soil, an 

aquifer, a river, a tributary, a reservoir or leaves the system by 

the end of that period. A standard linear program, Berkelaaar et 

al. (2004), is used to solve the water allocation problem whose 

objective is to maximize satisfaction of demand; subject to 

supply priorities demand site preferences, mass balances, and 

other constraints. The constraint set is iteratively derived at each 

time step to subsequently consider the ranking of demand 

priorities and supply preferences. The general form of the 

allocation algorithm is given below, 

LP Formulation    

For each p=1 to P (for each demand priority) 
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For each f=1 to F   ( ) (for each supply preference to 

demand, k) 

Maximize Z= Cp (coverage to all demand sites with priority p) 

subject to, 

S Mass balance constraint with storage for node i to node r…  

                               (Eq. 3.1) 

Demand node constraint for demand k from j sources…  

            (Eq. 3.2) 

Coverage constraint for demand k from j sources                                               

     (Eq. 3.3) 

=   C equity constant for demand site k with priority p 

≥ C equity constant for ifr and reservoir with  priority p      

 Bound for demand site coverage variables  

(For demand sites l with priority > p) 

(For demand site k with priority = p) 

for demand site k with preference = f 

for demand site k with preference > f 

Solve L.P. 

Where p is the demand priorities, f is the supply preferences for 

each demand k, of N total demand sites. The constant 

are determined for each demand site k with priority p. 

The, terms define the flows from nodes j to i with priority 

p,  are the reservoir storages at site i for time t, Cp is the total 

coverage for priority p, and is the percent coverage for 

individual demand sites.  

The structure of the WEAP model is unique in that it integrates 

the physical hydrologic process of a system with the 

management of institutions and infrastructure governing the 

allocation of water resources (Yates et al., 2005a, 2005b) The 

model provides an ideal framework within which to evaluate 

the relationship between a reservoir’s storage, yield and in 

stream flow requirements (Levite et al., 2003, Yates et al., 2005 

b). Richard M Vogel P (2007) performed simulation 

experiments using WEAP to explore the tradeoff between in 

stream flow properties and reservoir yield corresponding to a 

range of in stream flow policies for a wide class of reservoir 

system.  

STUDY AREA  
River system and geographical map of Upper Chambal Sub-

basin is given in Fig -1. The Upper Chambal sub-basin is 

formed in Malwa region due to construction of Gandhisagar 

 

Fig. 1: River network in upper Chambal 
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hydel Project in 1960-61 which is the Northern most extremity 

of this sub-basin. This area lies within the latitudes 22
0
27’N and 

25
0
5’N and between longitudes 74

0
45’E and 76

0
15’ E. The 

project is at a distance of 260 km from the origin of river 

Chambal and has a catchment area of 22,745 Sq.km. covering 

almost whole or part of districts of Dhar, Ratlam, Neemuch, 

Mandsaur, Ujjain, Indore, Shajapur, Dewas in  Madhya Pradesh 

and Chittorgarh in Rajashthan.. The culturable area of 

16,97,289 ha. i.e., 74.62% of Geographical area indicates 

predominant agrarian nature of the region.  (Chauhan, 2012) 

Main River in the sub-basin is Chambal and its tributaries are 

Kshipra, Choti Kalisindh and Chawla as shown in Fig. 1.  The 

average annual rainfall in the area is 827 mm.   

METHODOLOGY 
There are three main stages for regional water resources 

planning in the study area using WEAP, namely generating 

schematic layout, input data for elements of schematic, run 

model and derive results. 

Generating schematic lay out: - A blank area i.e. study area is 

created and graphic files i.e. vector layers: India water line, 

India water polygon and India administrative/District layer were 

imported from Geographic Information System. This provides 

us with network of rivers, streams and large reservoirs. The 

upper Chambal basin boundary and rivers of nearby basin like 

Parbati, Kalisindh, and Narmada etc. are drawn using river 

symbol in the element window. Demand nodes for each demand 

site corresponding to catchment or district are drawn by drag 

and drop by going to element window. Similarly, Project sites 

(storages), ground water nodes are also drawn. Each demand 

site is joined by transmission link with specific supply source 

i.e. surface or ground water and also joined to river or waste 

water treatment plant by return flow link. The Sites linked with 

Ground water are indicated by symbol D e.g. Ujjain- D, 

whereas the sites linked with surface water are designated by 

suffix A. This way a schematic network of supply sources and 

demand nodes is created which is shown in Fig. 2. 

The surface water demand for irrigation and urban water supply 

for upper Chambal basin is the aggregated demand of all the 

districts of the sub basin calculated on pro rata basis and a 

demand site namely Upper Chambal-A represents it. Demand of 

surface irrigation and urban water supply for Indore has been 

considered separately in demand site Indore–A. Since the urban 

water demand of Indore is presently being met from river 

Narmada. The water requirement for surface irrigation in Indore 

node is met both from Narmada River and Chambal River. The 

nomenclature and description of demand sites linked to surface 

water sources are given in Table 1. 

 

Fig. 2: WEAP Schematic diagram for Upper Chambal showing demand sites 
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DATA ACQUIRED 
Data in respect of Hydrology, rainfall, land statistics, irrigation 

uses, population, ground water resources and its utilization, 

reservoirs, evaporation, crop water requirement were acquired 

from various sources as given in Table 2. The WEAP model 

was obtained under license for academic purposes for the study 

from Stock Holm Environment Institute (SEIS).These data have 

been entered in the data view of schematic of WEAP. 

MODEL CALIBRATION 
The WEAP model has been calibrated using observed volume 

and simulated volume in       Gandhisagar reservoir, and unmet 

demand at Kota barrage. The monthly average values of above 

parameters are given in Table  3 for Gandhi Sagar reservoir and 

in Table 4 for Kota irrigation site. 

SCENARIO FORMULATIONS 
The current account tool provides a snapshot of actual water 

demand resources and supplies    for the system for the baseline 

year or current year. Scenarios are various alternative set of 

assumptions impacting water policies with regard to 

consumption, and demand such as demand management 

strategies, alternative sources and assigning priorities.  

The basic data of projects, river head flow, Ground water 

storage, annual water use, population etc were entered in 

Current Account year i.e. 1982. The reference scenario is 

created by entering all above stated data corresponding to years 

1983 to 2016. The reference scenario created is based on actual 

prevailing data set of demand nodes, supply and resources, 

ground water, transmission link etc.  Further alternative 

scenarios affecting the water demand and supplies have been 

created by inheriting the data set of reference scenario. 

Following four scenarios in all have been analyzed by running 

the WEAP model:- 

i)  Reference:    Basic scenario named as Reference with equal 

priorities to all demand sites. 

Table 1:  Details of Demand sites utilizing surface water 

Sr. No. Demand Site                            Description 

01 Indore - A Indore – A is demand site where surface water from Narmada and Chambal are 

utilized for surface irrigation. Urban area drawing its requirement from Narmada.  

02 Upper Chambal - A All the irrigation projects utilizing surface water of river Chambal and its 

tributaries and all urban areas in Upper Chambal basin drawing water from river 

Chambal have been aggregated into this demand node. 

03 Power House The water passing through power house of Gandhisagar project and joining river 

Chambal at downstream of Gandhisagar dam is indicated in Power House demand 

node.  

04 Kota Irrigation The Kota barrage downstream of Gandhisagar draws water from river Chambal 

and supplies water for irrigation to Chambal Canal Systems in M.P. and Rajasthan. 

 

Table 2:  Data collection sources 

Sl. No. Data Acquired From 

01 Land Statistics, Live Stock, 

Irrigation from different sources 

i)Department of Land Statistics Govt. of Madhya Pradesh   

ii)Department of Land Statistics  Govt. of Rajasthan 

iii)National Water development Agency(NWDA) technical study No 

41 

02 Irrigation use data, Reservoir 

data, evaporation data. 

(i) Water Resources department , Madhya Pradesh  

(ii) Water Resources department , Rajasthan 

(iii) CWC publication on Ganga,   March 2014, 

iii) NWDA  technical study  on Upper Chambal  No 41 

iv) NWDA ,Feasibility report on Parbati- Kalisindh-     

     Chambal   

 v) FAO irrigation and drainage paper No.56,(1998) Rome   

03  Ground Water data i) Central Ground Water Board, Govt. of India, Dynamic Ground water 

study 20.11.2015. 

ii) NWDA  technical study  on Upper Chambal  No 41 

04 Population data i)Census of India 1981,91,2001,2011 and District series 2011 

ii) ) NWDA  technical study  on Upper Chambal  No W-B 41 

05 Rainfall data i) NWDA  technical study  on Upper Chambal  No WB - 41 

ii) Water Resources Department. Govt Of MP 

iii) India meteorological Department, Pune 

06 Hydrological data (i) Water Resources department Govt. of Madhya Pradesh. 

(ii) Central Water Commission, New Delhi. 

iii)  NWDA  technical study  on Upper Chambal  No WB - 41 

07 Topo Sheets (i) Central Water Commission, Survey of India. 
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ii) DSM Reference:  Employing Demand Side Management 

(DSM) practices to reduce irrigation   water application rate in 

surface irrigation and ground water irrigation. The water 

consumption for surface   irrigation and ground water irrigation 

for reference scenario are    4960  and   3720 Cubic Meter per 

hectare in Reference scenario. Due to  introduction of     

Demand side Management   practices in irrigation application 

such as sprinkler and drip, above consumption    now stand 

reduced to  3720  and  3100 cum per hectare.  This  scenario has 

been addressed as  DSM Reference. 

iii) Priority to Gandhi Sagar: Third scenario is created by 

assigning priority 1   to  power house    and Kota irrigation and  

priority 2 to upper Chambal- A site .This is  named as Priority 

to  Gandhi sagar   power house and Kota irrigation in short 

Priority to Gandhi Sagar. 

iv) DSM Priority: Fourth scenario is created by   inheriting   

scenario at 3 i.e. and    employing   DSM measures in irrigation 

water application named as DSM    with   Priority to Gandhi 

Sagar power house and Kota  irrigation -in short  DSM  

Priority. 

RESULTS  
The WEAP model has been run by activating results view for 

above stated scenarios the results   of which were examined in 

order to know the satisfaction of water demand at various 

demand sites as per the WEAP’s allocation routine as against 

actually available/ utilized water in past years (1981-2016). 

a) Reference scenario:  The Table 4 presents the annual unmet 

demand for past years in     respect      of   all demand sites. 

Total maximum annual unmet demand from all districts 

demand nodes sourcing their requirement from Ground water, 

increased to 529 MCM in year 2016 from  nil  in year 1982. 

The unmet demand from surface irrigation sources for Upper 

Chambal A has maximum value of 516 MCM in 2011. On an 

average 87.34 MCM has been the average annual unmet 

demand for the  Upper Chambal A.  A higher unmet demand 

have been reported  for the Months from November to 

February and the same  is insignificant in other months.  

Higher  unmet demands of maximum values of 741 

MCM,1189 MCM ,678 MCM and 668 MCM  in years 

1994,2003,2004 and 2005 respectively  have been  reported in 

respect of power house demand site. Nil annual unmet 

demand has been observed in all years  for Kota irrigation 

site. Demand side coverage of upper Chambal A is lowest in 

the month June  i.e. around 63% whereas reliability is  

78.8 %, as evident from  Fig. 3. 

b)  DSM Reference:  The     result     output   of the annual 

unmet demand   for all sites for this   scenario is given in Table 

5.   The unmet demand of ground water linked demand sides 

have been reduced in this scenario to   258 MCM  in 2016. The 

maximum unmet demand for Mandsaur D, Dhar- D and 

Chittorgarh  D  demand sites now stand reduced to 176, 

MCM, 36 MCM and 39 MCM respectively.    In the same 

manner, the maximum unmet demand for demand sites linked 

to    river Chambal   are decreased  for upper Chambal A , 

Power house which are now 416 MCM (Year 2005) (year 

2005), 1175  MCM (year 2003) respectively. For Kota 

irrigation, it remains nil. The     average annual   unmet demand 

for years 1982 to 2016 for G.S. power house and upper  

Chambal- A are 212 MCM, and 60.8  MCM respectively. 

Table 3:   Observed and Simulated reservoir volumes---Gandhisagar Dam 

           (MCM) 

Month June July Aug Sept Oct Nov Dec Jan Feb Mar April May 

Observed 

Volume 

2109 2005 2962 3991 4505 4380 4001 3544 3123 2742 2392 2178 

Simulated 

Volume 

 

2109 2940 4481 4915 4718 4401 4084 3757 3457 3123 2788 2474 

 

Table 4: Annual Unmet Demand (MCM) -Selected years, All Demand Sites, Scenario: Reference 

 
Demand Site 1982 1984 1986 1988 1990 1992 1994 1996 2000 2003 2005 2007 2009 2011 2013 2016 

Chittorgarh D 0 35 36 38 39 41 42 43 46 48 50 52 53 55 56 59 

Dewas D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dhar D 0 0 0 0 0 0 0 0 30 47 58 69 79 90 91 91 

Indore D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mandsaur D 0 0 0 0 0 66 96 127 187 232 261 291 321 351 351 352 

Neemuch D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ratlam D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 27 

Ujjain D 0 0 0 1 15 11 8 4 0 0 0 0 0 0 0 0 

Indore A 4 1 2 0 6 3 4 7 0 40 2 2 19 71 34 9 

Jhalawar D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Kota irrigation 

demand 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Power house 1989 132 329 0 0 0 742 0 0 1190 668 365 0 0 0 0 

Shaja 1 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper 

Chambal A 

224 10 18 0 0 0 67 0 0 434 516 27 35 301 0 0 

Sum 2218 178 384 39 60 121 959 181 263 1991 1555 805 508 868 551 538 

 



J. Indian Water Resour. Soc., Vol. 37,  No. 4, Oct., 2017 

52 

The minimum demand site coverage for upper Chambal A is 

now 69.6 % in April and varies to  98.2% in September  and 

that for Kota irrigation to around 100 % for the all months. The 

reliability   for upper Chambal A have increased to 81.4%. 

c) Priority to Gandhi Sagar power house and Kota 

irrigation:- 

In this scenario,  all the data set  of reference scenario are 

inherited. The priority in data view  for   power house and Kota 

irrigation is kept at 1 while decreasing the priority of Upper          

Chambal A    to 2. This will facilitate the priority in allocation 

of water to Gandhisagar Power   house and Kota    irrigation site 

as per the Chambal award The values of unmet demand for       

demand sites linked to Ground water are not affected. Table 6 

gives the   values   of    unmet   demand for   demand sites   

linked to river Chambal. 

The Maximum unmet demand of Kota irrigation site was 

already Nil in    reference scenario   and  that of Power house is 

also now  reduced to Nil. The    Maximum   unmet    demand   

of   Upper     Chambal A is now reduced to 839 MCM  in year 

2003. The annual     Average  of unmet  demand for upper  

Chambal A is now 279 MCM..The  demand site coverage   of 

Kota   Irrigation is 100%   and  for Power house it is between75 

t0 98% for   all the  months. The coverage for  Upper Chambal 

A  is     now reduced to the value of 23.1 in June and its 

reliability is now 1.7%. 

d) DSM with Priority to Gandhi Sagar power house and 

Kota irrigation : 

The data set      along with priority of scenario “ Priority to 

Gandhisagar” have been retained in this scenario . Additionally, 

DCM measures have been applied in annual consumption 

values of irrigation as explained in scenario” DSM Reference”. 

Table 6 provides the details of unmet demand of four demand 

sites linked to surface water i.e. Indore A, Kota irrigation, 

Power house and Upper Chambal A.                                          

Values of maximum annual unmet demand for Kota irrigation is 

Nil, for Upper Chambal A it is 446 MCM (year 2005), and  for 

Power house it is 806 MCM in year 2003. The Average Annual 

Unmet demand for Upper Chambal A is 222 MCM. The 

demand side coverage is lowest in June i.e.24.2% for upper 

Chambal A and its reliability now is 1.9%.    

The variation of unmet demand for upper Chambal –A for all 

the scenarios for selected years     from 1982-2016 are given in 

Table 7 and also depicted in Figure No 4 below:-                                         

The variation in monthly average values of demand site 

coverage for upper Chambal –A site is   given in Table 8. 

 

Table 5: Annual unmet Demand ( MCM)-selected years, All Demand Sites 

Scenario: DSM Reference 
Demand Site 1982 1984 1986 1988 1990 1992 1994 1996 2000 2003 2005 2007 2009 2011 2013 2016 

Chittorgarh D 0 21 22 23 25 26 27 28 30 32 33 35 36 38 39 41 

Dewas D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dhar D 0 0 0 0 0 0 0 0 0 0 0 0 26 35 35 36 

Indore D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mandsaur D 0 0 0 0 0 0 0 0 7 78 102 126 150 174 175 176 

Neemuch D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ratlam D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ujjain D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Indore A 4 2 2 0 5 2 1 6 0 33 1 2 4 59 27 6 

Jhalawar D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Kota 

irrigation 

demand 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Power house 1989 53 240 0 0 0 517 0 0 1175 667 363 0 0 0 0 

Shaja 1 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper 

chambal A 

224 3 11 0 0 0 38 0 0 343 416 23 0 187 0 0 

Sum 2218 79 275 23 30 28 583 34 37 1661 1219 549 217 493 276 258 

 

Table 6:.Annual Unmet Demand (MCM) Select Demand Sites, 

Scenario: Priority to Gandhi Sagar  

 
Demand Site 1982 1984 1986 1988 1990 1992 1994 1996 2000 2003 2005 2007 2009 2011 2013 2016 

Indore A 4 0 2 0 6 3 0 7 0 31 1 1 11 57 34 9 

kota 

irrigation 

demand 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Power house 1989 0 0 0 0 0 0 0 0 840 598 333 0 0 0 0 

Upper 

Chambal A 

224 275 274 182 200 135 350 304 302 517 549 160 313 463 251 222 

Sum 2218 275 275 182 206 138 350 311 302 1388 1148 495 324 521 285 231 
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Fig. 3: Demand site reliability for selected demand sites 

 

Fig. 4: Annual unmet demands all scenarios for Upper Chambal-A 
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SAFE YIELD 
The model has been run for determination of safe yield using 

safe yield Wizard under Advance menu option. The safe yield 

for demand site of upper Chambal-A has been determined for 

all the scenarios with 11 no of iterations.  

Since  filling of Gandhisagar Reservoir every year did not 

happen in the past, the option which require reservoirs to refill 

at least once to their lowest point has been  has not been 

exercised, The values of safe yield for various scenarios are 

given in the Table 9.                     

Safe yield for irrigation in Upper Chambal –A is 242 MCM 

both for Reference and Priority to Gandhisagar which 

corresponds to 39,000 Ha per annum with the given cropping 

Pattern, This value is reduced to 181 MCM for DSM reference 

and DSM Priority scenario without affecting the annual 

irrigation permissible upper limit of irrigation. These values set 

the upper limit of irrigation with 100% reliability and demand 

coverage. 

CONCLUSIONS  
(1) The mining of ground water is varying at different demand 

sites in different years. The maximum of 529 MCM is being 

observed in year 2016. Since, there is already an average annual 

unmet demand in Upper Chambal – A to the tune of 87 MCM 

even for reference scenario, a large part of it must be drawn 

from Ground Water resources resulting in large scale mining 

taking place in Upper Chambal sub basin. 

(2) The annual unmet demand varies from year to year for 

demand site Upper Chambal – A  and  its maximum observed is 

549 MCM in the year 2005 for priority scenario . When 

Demand site measures are employed in DSM reference 

scenario, the unmet demand for above site is reduced to 416 

MCM and the average annual unmet demand is also reduced to 

60.8 MCM. Similarly, due to application of DSM, the 

maximum annual unmet demand for Ground water uses in 

upper Chambal sub basin is reduced to 258 MCM from 549 

MCM for reference Scenario. Hence, DSM measures should be 

employed in application of water for irrigation purposes. But 

the existing unmet demand cannot be fully met with the 

application of DSM measures. 

(3) Even When DSM measures are employed both to surface 

and ground water irrigation, total  maximum annual unmet 

demand in Upper Chambal – A for DSM reference and DSM  

priority  scenario both for ground and surface water resources is 

674 MCM which need to be imported from nearby basins.  

(4) The safe yield studies for surface irrigation variable for 

Upper Chambal – A indicates that maximum possible irrigation 

and water use for irrigation is around 39,000 ha and 242 

MCM for reference and 181 MCM for DSM reference. This is 

further established from the fact that demand site average 

monthly coverage values for DSM priority scenario for upper 

Chambal basin varies from 24.2 (June) to 59.7% (September). 

Also, the reliability of availability of water supply to Upper 

Chambal sub basin for DSM priority is 1.9 %. Present irrigation 

reported is around 91,835 ha which is therefore much on higher 

side than what is permissible considering  dependability of 

availabe water resources. 

(5)  Various scenarios formulated in the model considers all 

possibilities of strategic use of water.The Ground water 

development is nearly complete in many Administrative 

districts and the unmet demand in these districts is to be made 

from Surface water resources. Further studies are necessary to 

identify the source of Surface water nearby and also determine 

the manner in which such diversion is to be given effect to.  

Table 7:  Annual Unmet Demand (MCM), Select Demand Sites 

Scenario :DSM  priority to Gandhi sagar 
Demand Site 1982 1984 1986 1988 1990 1992 1994 1996 2000 2003 2005 2007 2009 2011 2013 2016 

Indore A 4 0 2 0 5 2 0 6 0 21 1 1 4 46 26 5 

Kota 

irrigation 

demand 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Power house 1989 0 0 0 0 0 0 0 0 807 598 333 0 0 0 0 

Upper 

Chambal A 

224 226 224 148 162 105 281 247 239 415 446 127 237 369 187 158 

Sum 2218 226 226 148 167 108 281 253 239 1243 1045 462 242 415 213 163 

Table 8: Annual Unmet Demand ( MCM) All Scenarios, Upper Chambal A 

Scenario 1982 1984 1986 1988 1990 1992 1994 1996 2000 2003 2005 2007 2009 2011 2013 2016 

Reference 224 10 18 0 0 0 67 0 0 434 516 27 35 301 0 0 

DSM 

reference 

224 3 11 0 0 0 38 0 0 343 416 23 0 187 0 0 

Priority to 

gandhisagar 

224 275 274 182 200 135 350 304 302 517 549 160 313 463 251 222 

Dsm priority 224 226 224 148 162 105 281 247 239 415 446 127 237 369 187 158 

Table 9: Annual Supply Requirement (including loss, reuse and DSM) (MCM)-  Safe yield  -All Scenarios, Demand 

Sites\upper Chambal A\surface irrigation 

Scenario 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2016 

Reference 242 242 242 242 242 242 242 242 242 242 242 242 242 

DSM Reference 242 181 181 181 181 181 181 181 181 181 181 181 181 

Priority to 

Gandhisagar 

242 242 242 242 242 242 242 242 242 242 242 242 242 

DSM Priority 242 181 181 181 181 181 181 181 181 181 181 181 181 
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(6) The WEAP21 model can be employed to judiciously 

allocate available water among various   stake holders in the 

basin and   is a very important and user friendly tool for 

Integrated Water Resources management. 

RECOMMENDATIONS 
(1) Total annual unmet demand in Upper Chambal – A for 

DSM reference scenario considering ground and surface water 

resources is 674 MCM. This quantum of water needs to be 

imported from nearby basins of Parbati and Kalisindh or 

Narmada. Importing above water from Narmada basin for 

irrigation will be not economical in view of high electricity 

costs as Lift involved is about 400 m  and some other  viable  

alternative is needs to be explored.. 

(2) Demand site measures such as use of economic water 

application methods of sprinkler, drip, border strip irrigation, 

furrow should be promoted. 

(3) The WEAP model can be used to determine the water 

resources management scenario for future years. This will be 

helpful in devising appropriate strategies to address important 

issues in water management. 

(4)  Various scenarios formulated in the model consider all 

possibilities of strategic use of water. The Ground water 

development is nearly complete in many Administrative 

districts and the unmet demand in these districts is to be made 

from supplemental Surface water resources. Further studies are 

necessary to form proposals after identifying the source of 

Surface water nearby and also determine the manner in which 

such diversion is to be given effect to. The WEAP model can be 

employed to judiciously allocate available water among various 

stake holders in the basin and   is  a very important tool for 

Integrated Water Resources Management. 

5 One such proposal under NRLP (National River Linking 

Project) of an inter basin river link i.e., Parbati-Kalisindh-

Chambal Links (NWDA,2004), (Sinha,2007) to mitigate  and 

address water scarcity situation in upper Chambal basin need to 

be studied through extension of present WEAP model.  In this 

proposal in its present form, around 663 MCM of water will be 

tapped in seven proposed projects in the upper Chambal sub-

basin for irrigation of 1,09,400 hectares of area. The water 

tapped in the upper reaches of proposed projects will be utilized 

in the Madhya Pradesh. By tapping the water in the upper 

reaches of Chambal, the inflow at Gandhisagar will be reduced. 

To have an equitable distribution of water in upper and lower   

Chambal basin, the equivalent amount of water will be 

supplemented by transferring it to Gandhisagar dam through  

proposed  Pārbati-Kalisindh-Chambal link project. Thus, the 

power generation at Gandhisagar, Rana Pratap Sagar and 

Jawahar Sagar will not be affected and irrigation rights in the 

command of Chambal Canals ex Kota Barrage will also be not 

impacted adversely. 
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