
Chapter 7 

B. With a total surface and ground water storage for regulation of river flow 
predicated to be 41 million acre feet, it is estimated that a firm yield of 
101.4 maf/yr in at least 20 years out of 25 can be attained. The average 
diversion would be increased to 108.1. The additional storage volume 
would be obtained: (1) by completion of Mangla and Tarbela dams to full 
height; (2) development of other storage including sites on the western 
tributaries of the Indus; and (3) further exploitation of ground water storage 
by installation of recharge works. Additional tubewells would be needed to 
utilize the ground water storage. Every foot of depth in the aquifer of the 
northern plain is equivalent to a reservoir the size of Mangla or Tarbela.  
In time this reservoir must be used efficiently to help regulate the flow of 
the river system and thus to augment the supply of water for irrigation.  

C. Our estimate of the storage required to regulate the three western rivers 
so as to produce a firm yield of 101.4 maf/yr in 20 years out of 25 
and an average yield of 108.1 maf/yr is based on storage yield formulas 
given by Sudler(l0) and by Bryant.(ll) The ratio of the firm yield to 
mean annual flow is 101.4/ 136 = 0.74. The coefficient of variation of 
mean annual flow -the ratio of the standard deviation of annual flows to 
the mean -is 0.13 or 13 percent.(1 2 ) By using Sudler's formulation and 
Bryant's diagrmas we find that to provide the required firm yield in 4 out 
of 5 years on the average, the effective storage volume for flow regulation 
must be as large as 30 percent of the mean annual flow: Thus 0.3 (136)= 41 
million acre feet of storage are needed. This volume may be obtained both 
in surface storage and in the ground water aquifer. Possibilities for 
additional surface storage during the high-runoff season include the 
following: (i) For the Indus River, the Skardu, Kalabagh sites and the Dhok 
Pathan and Makhad sites on the Soan River; (ii) For the Jhelum, offstream 
sites on the Bunha and Kahan Rivers filled from high Mangla Dam; and 
(iii) for the Chenab River, the Chiniot site. Further development of Manchar 
Lake below the Sukkur barrage would provide valuable storage for down
stream regulation; it could be used to store water of good quality resulting 
from temporary and unpredictable fluctuations in river flow gains and 
losses below the rim of the irrigation plain. If, for example, the following 
reservoirs were constructed 

Mangla 7.0 maf (ultimate) 
Tarbela 8.4 maf (ultimate) 
Dhok Pathan 11.0 maf 
Makhad 6.0 maf 

(10)Charles E. Sudler, "Storage Required for Regulation of Stream Flow" 
Trans. Am. Soc. Civil Engrs., Vol. 81, p. 622, 1927.  

(ll)George T. Bryant, "Stochastic Theory of Queues Applied to the Design of 
Impounding Reservoirs" Ph.D. Thesis, Harvard University, 1961.  

(12)Calculated from data in Table 7.1.  
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