
Environmental Operations and Deterrence: Modeling Radioactive Contamination 
Mitigation Strategies through Plant Growth 

 Patrick Gerrity, Adam Kanavos, Shelby Lindsay, Geneva Vezeau, and Bruce Keith 

Department of Systems Engineering, United States Military Academy, West Point, New York 

Corresponding author's Email: Patrick.Gerrity@usma.edu, Adam.Kanavos@usma.edu, Shelby.Lindsay@usma.edu, 
Geneva.Vezeau@usma.edu, Bruce.Keith@usma.edu  

Author Note: The authors would like to thank COL Robert Prins of the Defense Threat Reduction Agency (DTRA) and our 
partners at the University of Illinois to include Kayla Cotterman with her extensive help with AquaCrop. 

Abstract: The purpose of this research is to determine the relationship between soil type, uptake, and decontamination of 
radioactive isotope contamination.  We approached this problem with a focus on three questions related to the influence of soil 
type and uptake on decontamination. Primary findings to date include permeability rates calculated for twelve key soil types 
and the findings of total expected isotope uptake in an average yielding acre of corn. These findings, along with calculated 
radioactive incidents of release, were used to determine the viability of accelerated decontamination of an agricultural 
environment. Future work will entail construction of a functional Systems Dynamic Model, linking together the various 
isotopes, environments, soil compositions, and hydrological patterns on biomass at different stages of a crop’s growth cycle. 
This model will inform decision makers’ efforts to evaluate potential means of decontamination to ensure the resiliency of a 
susceptible and fragile agricultural environment. 
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1. Introduction

With an increasing threat of radioactive isotope contamination to the world’s agricultural industries, there exists a 
need to understand the implications of such a catastrophe. One means by which contamination may occur is through radiation 
from nuclear weapons. With nine of the world’s countries being in possession of nuclear weapons, environmental 
contamination from detonation is probable.  Leakage of radioactive materials from underground and underwater pipes, disposal 
locations, and plant facilities also pose a threat to the environment. While technologies such as tracer gases are being developed 
to detect leaks, remediation efforts for agricultural products following contamination are yet to be solidified. With a largely 
interconnected world, the threat of nuclear contamination on agricultural production is more prominent now than ever. 

2. Literature Review

Plant growth represents the process through which a plant gathers and allocates its nutrients and energy in order to 
grow. The growth cycle contains four stages: planting, vegetative, reproductive, and harvesting. The vegetative stages of the 
corn growth cycle can be thought of as the overall growth and development of the plant, stock, and leaves that will prepare the 
plant for a successful reproductive stage, where the crop actually develops. In the case of corn, this stage of the growth cycle 
ends with tasseling, where the tassel is fully emerged and visible at the top of the stalk (Randsom, 2013). The reproductive 
stage begins with “silking,” where silks, one per kernel, emerge from the top of the ear of corn. Pollen then falls from the tassels 
at the top of the plant and pollinates the silks and kernels for up to ten days.  Kernels then fill with a clear fluid, and thicken. 
All cell division within the crop is complete approximately 55 to 65 days after silking and will only grow due to expansion 
(Nielsen, 2016). This fact is important when considering the model for potential uptake of radioactive isotopes because isotopes 
will not make their way into new cells if introduced after this point. When physiological maturity occurs the crop yield will no 
longer be affected by front, or other similar stresses (Nielsen, 2016). 

Identification of the amount of a radioactive isotope that will be absorbed by a given crop is essential in order to 
estimate how long it will take an agricultural area to be habitable again.  Crop contamination occurs through water and other 
nutrient uptake into the plant via roots and processes that occur for plant growth. Five isotopes are most likely to enter the 
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