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Environmental problem has become a big issue in today’s world. Accidents that cause environmental pollutions in waters, soils or air strike our planet almost every day. People soon realize that it is quite essential to build up facilities to manage the contaminants; however, at the same time, we are also looking into a cheaper way to do it. 

In this project, we are trying to prevent the expansion of any liquid contaminant that has gone through soil to the underground water system of a specific area, by setting up pumping wells at different positions and then operating the wells at varying pumping rates to limit the contaminant within a certain domain. Our ultimate goal is to first build up the total-cost objective function; here u consists of different parameters which include the operational cost parameters and other hydrogeology coefficients; h stands for the hydraulic head which, in this case, is an array of numbers generated by MODLFOW package in Groundwater Modeling Software (GMS 6.5). The detail of this part will be explained in the next paragraph. Secondly, we evaluate the objective function with the Implicit Filtering optimization algorithm to find the local or global minima of the cost of the entire well-field project.

In the first stage, we build up the hydrogeology model of our hypothetical target site with GMS 6.5. This model will take in the number of wells (N), the x-y coordinates and pumping rate (Qi) of each well as part of the input. The target site is a 1000mX1000m square with the upper and right edges in Dirichlet Boundary Conditions and the lower and left edges in No Flow Conditions. Vertically, the soil has been divided into 10 layers with 10 different values for its hydraulic conductivity (K). The picture below gives a simple illustration of our problem.


One of the significances of our current project compared to the previous ones on the similar problem by Prof. Fowler is that we have integrated the accuracy of the model by assigning different hydraulic conductivities to each of the 10 layers instead of assuming them to be the same. Thus, our model is heterogeneous instead of homogeneous.




Running our model in GMS will give us the solution of the underground water flow in its steady state. Currently we have not yet implemented the complete model. The solution we have below is the steady state of underground water flow in an unconfined aquifer model with homogeneous hydraulic conductivity (k=5.01e-5m/s). The graphics is only one way to display the solution; GMS also outputs the solution in ASCII format files which include the number array of hydraulic head (h) that would be used in the second part of our project.



In our second part of the project we are putting the solution of our hydraulic model from GMS into our objective function. Then we will evaluate the entire objective function with the Implicit Filtering Algorithm to find the local minima. Implicit Filtering is a sampling optimization method that does not involve finding the derivatives of the function to figure out the minima. This evaluation process is iterative and will call MODFLOW in each of its iteration. The entire algorithm is written in FORTRAN, while MATLAB code is also available. The flowchart in below illustrates the Implicit Filtering method.
Running this FORTRAN program will give us the smallest cost and also the pumping rates of each wells and x-y coordinates of the wells that lead to the minimum cost.


image5.png
Pick up an initial condition :
x-y coordinatesof the
wells(X,Y); pumping rates
of each well(Q).

User inputsthe required
parameters: the given number of
wells (e.g. 5); layered hydraulic
conductivities, recharge rate and

< The FORTRAN program :
inputsthe parameters
into hydraulicmodel and
runs it with MODFLOW .

Outputs

Pick up another
starting condition
around the previous
one accordingto the
result of comparing.

Enter the array into
objective function
J(u,h); find the cost
after calculation.

mmm=) | costwith the

Compare this

previous costs





image1.png




image2.png
Top view of the target site
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Side view of target site
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