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Summary of the previous lecture
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Crop yield optimization:
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INTER-BASIN TRANSFER 
SYSTEMS



Schematic diagram of the Peninsular River System
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Salient features of the reservoirs of the system
Inter-basin Transfer Systems
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SMIN

SMAX
STRA

SREL

MDDL

SMIN : dead storage capacity

SREL : storage capacity above which 
release to downstream reservoirs is 
possible; no transfer

STRA : storage capacity above which 
both release and transfer are 
possible

SMAX : maximum live storage capacity

MDDL: minimum draw down level
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Ref: Vijay Kumar, V., Rao, B. V. and Mujumdar, P. P. (1996), Optimal Operation of 
MultibasinReservoir System, Sadhana, Indian Academy of Sciences, 21(4), pp. 487-502.
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Release and transfer policies:
• Release Rt

M,L from reservoir M to a downstream 
reservoir L, if exists, is given by

S1t
M : storage at reservoir M during period t after 
accounting for its own demand dt

M , releases and 
transfers committed to the reservoir M from other 
reservoirs and release commitments made from the 
reservoir M to other reservoirs downstream of M
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St
L : storage at the reservoir L after accounting for all 
transfers and releases from other reservoirs 
downstream of M, committed to it during the period 
and

: releasable storage for the reservoir M in season j to 
which the period t belongs. 

dt
L : water demand at reservoir L in period t

j  : Season
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• The amount of water transferred, Tt
M,P, from reservoir 

M of a basin to reservoir P of another basin in period t, 
when a transfer link exists, is given by

S2t
M : storage available at reservoir M after accounting for 
the diversion and release, 
: transferable storage in reservoir M for the season j
to which the period t belongs,  
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St
P  : storage at the reservoir P after accounting for 
diversion, release and transfers committed to it for the 
period (by other reservoirs during the computations 
prior to those of reservoir M) and  

dt
P  : water demand at reservoir P in period t. 

• Two parameters, INCR1 for the monsoon season and 
INCR2 for the non-monsoon, are introduced as 
multiplying factors to the irrigation demands in the 
corresponding periods
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Prominent transfers for 50-year simulation analysis

Units: million cubic meters; figures in brackets indicate the number of times 
the transfer has taken place in a 50-year period
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• Optimization model

Ut
k : amount of water utilized from reservoir k in period t,

Dt
k : deficit in reservoir k in period t,

 represents the economic value of the water actually 
utilized. 

 represents the penalty (i.e., loss) associated with not 
meeting the demands

.  k k
t t

k t
Max U D 
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subject to
i) Diversion policy,

dt
k : water demand at reservoir k in period t,

It
k : natural inflow to reservoir k in period t,

Sit
k : storage at the beginning of period t in reservoir k

ii) Release policy,
iii)Transfer policy,
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iv)Definition constraints:
(a)

(b)

(c)

v) Storage continuity, physical constraints and non-
negativity of the variables; and

vi) Constraints due to priorities discussed in the simulation 
model.
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Summary results of the optimization

Inter-basin Transfer Systems

15



Inter-basin Transfer Systems
Performance indices for the system:
• Failure index (F) : Ratio of the sum of all the failures to 

the total number of periods.
• Reliability () : 1 – F
• Resiliency () : Ratio of the number of transitions from 

failure state to a satisfactory state and the total 
number of failures

• Vulnerability () : ratio of largest deficit during period of 
operation to the corresponding demand at the 
reservoir.

• Deficit ratio () : ratio of the total deficit to the total 
demand.
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Summary of the yearly performance indices for the system
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Monthly performance indices of the system

Yearly performance indices of the reservoirs
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• Multicriterion Analysis in Engineering and 
Management by K. Srinivasa Raju and D. Nagesh
Kumar, PHI Learning Pvt. Ltd., New Delhi, India, ISBN 
978-81-203-3976-7, 2010

• NPTEL web courses
Water Resources Systems 

http://www.nptel.iitm.ac.in/courses/105108081/
Optimization Methods

http://www.nptel.iitm.ac.in/courses/Webcourse-contents/IISc-
BANG/OPTIMIZATION%20METHODS/New_index1.html

Additional reference & Web courses
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• Genetic algorithms; Particle Swarm Optimization 
(PSO), Ant Colony Optimization (ASO)

• Artificial neural networks; Support Vector Machines

Advanced topics


