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Background
Climate change was a natural process that is now accelerated and 

amplified by human activity through the Greenhouse Effect. This effect 

describes how, when sunlight reaching Earth’s atmosphere passes to 

its surface, it is absorbed and then radiated upwards in the form of 

infrared heat. About 90% of this heat is then absorbed by greenhouse 

gases (GHG) and radiated toward the surface, increasing 

temperatures. Human activities, such as the combustion of fossil fuels, 

have increased the concentrations of GHG in Earth’s atmosphere, 

amplifying the Greenhouse Effect and climate change. 

Climate models are computer simulations that summarize Earth’s 

climate systems. They calculate atmospheric conditions, 

temperature, pressure, wind patterns, and humidity, enabling 

projections of long-term climate patterns and weather events. The 

climate model used in this study was developed by the University 

of Illinois and predicts these variables in the Fermilab region for 

the middle and end of this century (Zobel, 2017). 

A summary of momentum-based Gaussian Plume Modeling

The location of the maximumly-exposed individual across all 4 evaluated scenarios 

These maps show trends in the daily average temperatures per decade, season, and 

county in Illinois. The trends were calculated using observations from 1900-2020.

Predicting climate and weather patterns nearly 80 years from now has 

substantial room for error. The most pressing limitation will be how human 

actions change GHG levels over the century, as the temporal increase will 

be proportional to these emissions. These emissions may increase with a 

growing population, or they may decrease with improved efficiency and 

regulation. A second limitation lies within the programs used for these 

calculations, as they required simplifying the climate model’s data through 

averages and were only capable of devising two temperature scenarios.

Climate change alters atmospheric conditions, affecting the distribution 

of airborne particles, including the radioactive isotopes Fermilab emits 

while running accelerators. Different wind patterns may increase the 

population’s exposure to these isotopes, impacting Fermilab operations. 

Since Fermilab hopes to increase accelerator power in the future while 

ensuring public safety, understanding the impact of climate change on 

the distribution of these emissions is vital for Fermilab’s future.

This project uses Representative Control Pathways (RCP) to predict 

how GHG emissions will contribute to climate change. These values, 

ranging from RCP2.6-8.5, represent different GHG concentrations in

2100. RCP4.5, a scenario with realistic GHG regulations, predicts an 

end-of-century temporal increase of 1.8 C, while RCP8.5, a “business as 

usual” GHG scenario, predicts an increase of 3.7 C. 

Results
Four scenarios were devised: mid-century and end-century decades with 

RCP4.5, and mid-century and end-century decades for RCP8.5. The 

maximumly-exposed individual shares the same location across all 4 

scenarios at 800 meters northwest from campus. As distance from Fermilab 

increases, the dosage decreases, as shown by the collective dosage figure. 

Every scenario shared the same conclusion: Fermilab’s radioactive air 

emissions will remain far under the EPA threshold, never surpassing 10% of 

the federal limit. This means Fermilab operations will not be impacted by 

extreme climate changes in the long-term and that the lab has ample 

opportunities to increase power to support future projects safely. 

Climate Modeling 

CAP-88
CAP-88 is a US EPA computer model used as a compliance tool 

under the National Emissions Standard for Hazardous Air 

Pollutants (EPA, 2021). Its purpose is to estimate the public’s 

dosage and risk from airborne radionuclide emissions. It uses 

momentum-based Gaussian Plume Modeling to estimate the 

dispersions of these particles and evaluates the low-level chronic 

exposure the public may experience under varied climactic and 

weather conditions. 

Temperature projections compiled from the NOAA climate model

Limitations

The maximumly-exposed individual’s (MEI) total radionuclide exposure for all 4 scenarios 

compared to the MEI from 2020; the collective dose for major cities near Fermilab.
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