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Executive Summary 

This report is an exercise in the use of computational fluid dynamics and mathematical modeling to 
analyze the remediation process of groundwater.  The purpose of this model is to minimize 
contaminants in an aquifer while minimizing cost.  The mathematical model involves differing well 
configurations, pumping rates, and the use of fluid flow characteristics to evaluate the concentration 
profiles in the aquifer.  This model builds on previous two dimensional models by adding simulations in 
Fluent flow simulation software in order to create a three dimensional model, and by investigating 
dynamic optimization through changing well configuration with time. 
 
The geometry of a 2000 m3 aquifer was drawn into Gambit, FluentΩǎ ƎŜƻƳŜǘǊȅ ǎƻŦǘǿŀǊŜΦ   ¢Ƙƛǎ ǿŀǎ 
imported into Fluent and boundary conditions were named for inlets and outlets of the aquifer.  Fluid 
flow simulations were run.  The velocities were analyzed at different points throughout the aquifer.  
Using the velocities in the contamination volume, a mathematical model was developed for the 
calculation of the contaminant concentration at points throughout the aquifer with time.  The 
remediation time for each geometry and pumping rate was determined based on when the 
concentration of contamination within the aquifer dropped below the desired level. 
 
Well configuration was found to have a very large effect on flow patterns within the contamination 
plume.  Seven well configurations were used in the analysis of flow profiles.  Seven flow rates were used 
in each of the well scenarios.  Remediation time was seen to be highly dependent upon flow rate.  In 
some portions of the plume where the velocity of the water was at a maximum, the concentration 
profile was seen to behave as a step function.  Cost analysis was performed for each of the evaluated 
scenarios.  The cost was based on fixed initial and continuous costs, and variable operating costs.  The 
biggest factors affecting cost were then the number of wells and overall remediation time.  
 
After this initial study was performed a refined fluid flow model was created.  A more realistic geometry 
of an 8,000 m3 aquifer was created in Gambit and, again, imported into Fluent where inlet and outlet 
boundary conditions were defined.  Simulations were run and the velocity data was imported into excel 
for analysis.  Three different initial contamination plumes were explored in this study.  In order to more 
effectively clean the differing plumes, unique pumping schemes were designed and varied with time.  
The total flow rate into and out of the aquifer was held constant throughout the entire remediation 
process.  Each simulation was examined individually and as part of the dynamic model.  Then, final 
concentrations were compared to investigate the most efficient pumping scheme.  It was found that 
pumping scheme optimization is highly dependent upon the initial contamination profile.  It was also 
found that this method can effectively model a dynamic pumping optimization scheme and can produce 
concentrations lower than those achievable with constant pumping configuration. 
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Introduction  

Groundwater remediation involves the removal of contaminants from a water supply.  Groundwater 

contamination can generally be a result of agricultural or industrial processes (Hanford Site).  Major 

sources of contamination can be storage tanks, septic systems, landfills, hazardous waste sites, and road 

salts and other chemicals (The Groundwater Foundation).  Contaminants can include organic and 

inorganic compounds, microorganisms, disinfection byproducts, disinfectants, and radionuclides.   

Groundwater can also be contaminated with volatile organic compounds, or VOCs.  According to the 

National Water-Quality Assessment Program, in the United States, trihalomethanes and solvents were 

the most frequently detected VOC groups. 

In the United States, the contamination by some chemicals can be specific to certain regions of the 

nation.  For example, arsenic can be seen to be concentrated in areas in and around large cities. 

 

Figure 1: Arsenic Contamination in the United States 

Other than the United States, arsenic contamination is a large problem in countries including Mexico, 

England, Chili, Argentina, Poland, Mongolia, Japan, Taiwan, Nepal, Bangladesh, and Vietnam. Nitrates in 

the United States are observed to be concentrated in areas that have large farming areas.  This can be 

seen in figure 2. 



 

Figure 2: Nitrate Contamination in the United States 

This is due to the widespread use of fertilizers in agricultural practices.  Other areas where nitrates are a 

problem are Latin America, west, south and east Asia, north Africa, and other developing countries. 

IŜŀǾȅ ƳŜǘŀƭǎ ŀƴŘ ƳƛƴŜǊŀƭǎΣ ǘƘŜ ǇǊƻōƭŜƳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ άƘŀǊŘέ ǿŀǘŜǊΣ ŀǊŜ ǎŜŜƴ ǘƻ ōŜ Ƴƻǎǘƭȅ 

concentrated in the Midwest and eastern United States, as seen in figure 3. 

 

Figure 3: Hard Water in the United States 

VOCs (volatile organic compounds) are a common problem in many areas because they come from 

many paints, varnishes, solvents and cleaners.  The problem areas exist in large cities because these 



particular chemicals come from industrial processes.  The profile for VOC contamination in the United 

States is shown in figure 4. 

 

Figure 4: VOC Contamination in the United States 

The major driving force behind the need for groundwater remediation is the adverse effects 

contaminants have on the public.  The following table outlines some of the common groundwater 

contaminants and their adverse affects on health. 

 

 

 

 

 

 

 

 

 



 

 

Compound Potential Health Affects Sources of Contamination   

Benzene Known Carcinogen 
Discharge from factories, leaching from gas 
storage tanks and landfills 

ϞΣϞ
Ϟ 

Vinyl Chloride Known Carcinogen 
Leaching from PVC pipes, discharge from 
plastic factories 

ϞΣϞ
Ϟ 

Arsenic 

Skin damage or problems with circulatory 
systems, and may have increased risk of 
getting cancer 

Erosion of natural deposits, runoff from 
orchards, runoff from glass & 
electronicsproduction wastes 

ϞϞ 

Copper 
Gastrointestinal distress, liver or kidney 
damage, and more 

Corrosion of pipes and household plumbing 
systems, erosion of natural deposits 

ϞϞ 

Lead 

Delays in physical and mental development in 
children, possible deficits in attention span and 
learning disabilities.  Adults can experience 
kidney problems or high blood pressure 

Corrosion of pipes and household plumbing 
systems, erosion of natural deposits 

ϞϞ 

Mercury Kidney damage 

Erosion of natural deposits, discharge from 
refineries and factories, runoff from landfills 
and crop lands. 

ϞϞ 

Trihalomethanes 
Liver, kidney or central nervous system 
problems, increased risk of cancer Biproduct of drinking water disinfection 

ϞϞΣ 
ϞϞϞ  

Nitrate 

In infants, could cause illness or death; 
characterized by shortness of breath or blue-
baby syndrome. 

Runoff from fertilizer, leaching from septic 
tanks, sewage, and erosion of natural 
deposits. 

ϞϞ 

 

Table 1: Contaminants and Health Effects 

Because of their clear adverse effects on the community, these types of contaminants need to be 

removed from polluted sites.    

Options for Lowering Contaminant Conce ntrations  
Two very general options exist for lowering the concentration level of undesirable compounds found in 

groundwater.  They are dilution and treatment.  In previous years, dilution was used to lower 

contamination concentration because it is much less expensive than treatment of the contamination.  

The problem with dilution is that it does not solve the problem but merely pushes the contamination 

volume, or the plume, away from the original contamination site.  Many of the current conventional 

methods for treatment involve a pump-treat-inject (PTI) method.  This consists of pumping water from 

an aquifer, treating the water for contamination, and re-injecting clean water back into the aquifer.  A 

general PTI schematic is shown in Figure 5. 



 

Figure 5: Pump-Treat-Inject Method 

In the pump-treat-inject method, both injection and extraction wells are required.  The number of 

both types may be varied.  Figure 6 shows the use of several well configurations involving no 

injection or extraction wells to multiple injection and multiple extraction wells. 

 

Figure 6: Depiction of PTI vs Dilution Only 

In Figure 6, the darker gray represents higher contamination and the white represents the lowest 

contamination.  From Figure 6, case 2, we can see the affects of dilution only.  It is clear from the large 

white portion toward the center of the plume and the darker gray outer rings that the contamination is 

only being pushed and the problem is not being resolved.  In case 1 only extraction is being used and it 


