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This problem consists of a well field which needs to be designed to pump a given amount of water out of a groundwater source, known as an aquifer.  The motivation for this problem came from a benchmarking problem proposed as community problems (CPs) [7].  The CPs were designed as a method to help compare both groundwater flow simulators and optimization algorithms [7].  The problem focuses on three major models; two water supply models and a hydraulic capture model.  The water supply models are considered in two hydrological settings, a confined and an unconfined aquifer [7].  The major difference between the two being that the unconfined aquifer has a moving water table, as opposed to the confined aquifer which has a constant water table.  The purpose of the water supply model is to extract a specified amount of water while minimizing the costs [7].  The hydraulic capture problem also uses the unconfined aquifer and has a well field that alters the direction of groundwater flow in order to contain a contaminant plume [2, 3, 5, 7].

Before the wells are added the basic, steady state groundwater flow of the confined and unconfined aquifers are the initial conditions for the water supply and hydraulic capture problems.  The boundary conditions are taken from the paper “Optimal Design for Problems Involving Flow and Transport Phenomena in Saturated Subsurface Systems” [7].  The dimensions of the aquifers are 1000 by 1000 by 30 meters with a hydraulic conductivity of 5.01 x 10-5 meters per second and a porosity of 0.32 .  The right and the bottom boundary are no flow.  The other two boundaries have constant head values that vary linearly across them.  The confined aquifer had a specific storage of 1.0 x 10-6 m-1].  The top left and bottom right corners have head values of 50 meters and the top right corner has a head value of 49 meters.  The unconfined aquifer has a specific storage of 0.2 m-1 .  The top left and bottom right corners have head values of 20 and the top right corner has a head value of 19 meters.

Using the steady state head values as initial head, wells were added to the aquifers.  There were three problems that used these initial values.  The water supply problem was implemented on both the confined and unconfined aquifer.  The confined aquifer had five wells in specified locations pumping at rate of -0.0064 m3/s [1, 6, 7].  There are two sets of wells that were implemented on the unconfined aquifer; both cases had five wells pumping at a rate of -0.0064 m3/s [1, 3, 6, 7].  Each set of wells was designed to minimize the cost it took to remove the water from the aquifer [1, 3, 6, 7].  The two sets of locations were labeled as IFFCO and APPS, each set of locations were developed to minimize the cost to extract the specified amount of water [4, 5].  The hydraulic capture problem was also implemented on the unconfined aquifer.  This solution only had one well pumping at a rate of -0.0053 m3/s [2, 3, 6].

These two aquifers were modeled using MODFLOW.  MODFLOW is a United States Geological Survey (USGS) simulator used to show groundwater flow [8].  A Groundwater Modeling System (GMS) was used as the MODFLOW graphical user interface (GUI) to input boundary conditions and run the simulator.  MODFLOW is runs using a three dimensional grid [8].  Solutions to all of the problems modeled in MODFLOW had been found in previous studies comparing the optimization approaches [1, 2, 3, 6, 7].  However, these studies one grid frame was considered.  Particularly, MODFLOW was used to simulate groundwater flow in a 50 by 50 by 10 block grid [1, 2, 3, 6, 7].  As this grid becomes more refined, the simulation is more sensitive to variations in head values between two given points.  Unfortunately, this means that well locations and pumping rate that seem feasible on large, unrefined grids may actually become infeasible when the grid is refined.  In order for a simulation to be feasible the sum of the pumping rates must be equal a pumping rate that satisfies the required amount of water [7].  If the pumping rate needed to extract this amount of water, causes the head to drop below a feasible value then the solution is not possible.  On larger grid, the head values may meet this constraint; however, as the grid is refined the more accurate head values may show that the solution is infeasible.  Using GMS, the boundary conditions for both the confined and unconfined aquifer was input into a MODFLOW project.  A steady state was reached on a 50x50x10, 100x100x10, and 200x200x10 grid.  The wells were then added to the simulation on all the grid sizes to determine if and when the head values drop below a feasible value.
It was found that as the grid became refined, some of these well locations are infeasible and therefore do not work as solutions to the problem.  Then next step for this problem will be to location points on the grid to build wells that yield a feasible solution.  It is likely that five wells, as tested in this simulation, will not be possible.  To make a viable solution it may be necessary to look for a six or seven well solution.  Along with this, the steady state values from the confined and unconfined aquifers with no wells were imported to another MODFLUW GUI, Argus ONE.  This GUI allows a more sophisticated well package to be used to further analyze the effects of refining the grid around the wells.
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