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1.  A sample of silty sand in its natural condition had a volume of 220 cm3 and weighed 481.2 grams.  After saturating the sample with water it weighted 546.9 grams.  The sample was then drained, by gravity until it reached a constant weight of 445.7 grams.  Finally the sample was oven dried at 105 degrees Celsius after which it weighed 432.8 grams. Note that the volume of the voids in the sample under natural conditions is the volume of water in the sample at saturation.  Assuming the density of water is 1 g/cm3, compute the following:





i) water content (mass basis) under natural conditions, defined as the ratio of the mass o water to the mass of the sample under natural conditions.





ii) volumetric water content under natural conditions, defined as the ratio of the volume of water to the volume of the sample under natural conditions.





iii) saturation ratio under natural conditions, defined as the fraction of voids filled with water under natural conditions.





iv) porosity, defined as the ratio of the volume of voids to the volume of the sample under natural conditions.





v) specific yield, defined as the ratio of the volume of water drained from the saturated sample due to gravity to the volume of the saturated sample.





vi)  specific retention, defined as the ratio of the volume of water a sample can retain against gravity to the volume of saturated sample, also equal to the difference between porosity and specific yield.





vii) dry bulk density, defined as the mass of the soil particles divided by the volume of the sample under natural conditions.











2.  (i) Discuss and compare the possibility of storage of water by artificial recharge  in a confined aquifer and a phreatic one. 





(ii) Is it reasonable to expect that reasonably large water supply wells may draw from confined aquifers given the low storativity values generally found in this type of aquifer?  Justify your response.








3.  Find the transmissivity of a stratified aquifer consisting of three layers with hydraulic conductivity and thickness as follows:

































































4.  For the heterogeneous confined aquifer system shown below find the unknown flow per unit width Q.  You may use the concept of equivalent homogeneous systems to solve this problem.




































































5.  









































i)  Solve the 1-D flow equation for this homogeneous unconfined aquifer with a horizontal bottom.





ii) Compute the flow per unit width through the aquifer.





iii) Linearize the flow equation and solve the 1-D flow equation again.





iv)  Compute the flow per unit width through the aquifer based on the linearized problem.





v)  Compare the flow computed for the exact and linearized problem and comment on the difference and relate this difference to the thickness of the aquifer and the difference between the upstream and downstream heads.











6.  An aquifer pumping test has determined the storage coefficient of the aquifer, S, to be 0.0002.  The aquifer thickness is 100 feet, and the porosity is 0.25.  What is the coefficient of compressibility a of the aquifer?  Estimate the amount of subsidence that would be expected if the piezometric head is lowered 100 feet.











7.  Table 1 shows the result of a pumping test with three observation wells.  Using these data, determine the storage coefficient and transmissivity of the aquifer using the following methods:





i) the Jacob straight line method for monitoring wells N-1 and N-2.





ii) the distance drawdown method





iii)  the type curve method for monitoring wells N-1 and N-3.








Table 1:  Drawdown of water level in observation wells N-1, N-2, and N-3 at a distance r from well being pumped at a constant rate of 96,000 ft3/day.



















































































8.  A production well fully penetrating an aquifer pumps at a constant rate of 5,000 m3/day.  Drawdown versus time for an observation well 100 meters east of the pumped well is given in the accompanying graph (Figure 1).





i) Determine T and S.





ii)  Is the aquifer confined of unconfined?  How did you determine this?





iii)  What kind of boundary was encountered?





iv)  Find the distance from the observation well to the boundary ( assuming the boundary lies east of the pumping well and runs north-south).











9.  The solution for a decaying mound presented in class is:








