
Chapter 7 

Consider now the fate of a salt ion that has just reached the tubewell. It 
may be passed out of the system (y-z) in the drains or it may be returned to 
the watercourse to mix with the surface water. If, say, four-fifths of the 
pump effluent is recirculated to the crops, then the probability is 0.20 that 
the molecule will leave the system. The probability it will be recycled to 
say stream tube No. 7 is 0.80/ 10 = 0.08 (8 percent). If it goes to the first 
stream tube, it will soon reach the pump and again be subjected to the same 
random routing process. If it happens to go to the last stream tube, which 
is very large, it will be long delayed in the aquifer before the process is re
peated. All this time new salt is entering the system in the canal and being 
routed in a similar way. Some salt particles are eliminated after one pass, 
others are recycled many times -the average number of passes depends 
upon the proportion of the tubewell effluent routed to the drainage system.  
A systematic procedure for handling this stochastic process by matrix 
algebra was developed(1 8 ) and used for determining the flux of salt at all 
points in the aquifer and in the tubewell effluent for various patterns of 
initial salt concentrations and inflow. Of particular interest from a practical 
viewpoint is the history of salt concentration in the applied irrigation water 
tubewell effluent diluted with canal water. The salt concentration versus 
time relationship was found to be a complicated function of the various 
tubewell design and operation parameters and the initial conditions relating 
to salt location in the system.  

Salt build -up depends primarily on six parameters: (.1) well spacing; (2) 
well depth; (3) percentage of tubewell effluent routed to drains; (4) pumping 
rate; (5) initial salt concentration in the ground water; and (6) initial con
centration of salt in the soil above the aquifer. The first four of these are 
engineering choice variables, that is, for a particular installation they can 
be adjusted to control the salt build-up. The remaining two parameters are 
exogenously fixed by nature and by the past use of the tubewell project area.  
Each of the six parameters was investigated at two levels so that a total of 
26 = 64 computer runs were made. The matrix multiplication was carried 
forward by the computer at a high speed and the history curves of salt 
build -up were computed in some runs for periods greater than a thousand 
years.  

The results for sixteen of the runs are shown in Figures 7.18 and 7.19: 
The initial concentration of surface soil salt was zero in the first figure and 
60 tons per acre in the second figure (average value for large areas of 
saline soil in the Former Punjab and Bahawalpur). Results of runs are 

(18)Appendix Report, Harvard Water Resources Group, 1963.  
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