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INTRODUCTION 

Historic mining sites in American Fork Canyon, in northern Utah, are a common source 

of environmental pollution into surface waters and soils. These heavy metal contaminants are 

known to cause organ failure and contain carcinogens (Jaishankar et al., 2014), which present a 

significant public health concern. Using ArcGIS, this study aims to determine the geographic 

exposure distribution from the toxic sediments accidently released from Tibble Fork Reservoir, 

in late August 2016. This proximity model will show populations at risk and impacted land use 

areas. 

 The pollution exposure distribution maps were created using spatial analysis tools in 

ArcGIS to summarize intersecting at-risk areas within buffer regions adjacent to the American 

Fork River in the city of American Fork. Areas at risk include population centers, school 

locations and water related land use areas such as parks and irrigation. The river runs directly 

through the city making exposure unavoidable, therefore the exposure maps will help define 

the potential significance of the contamination. 

 

BACKGROUND 

 Heavy metals such as lead, arsenic, cadmium and mercury, are naturally occurring in the 

earth’s crust (Tchounwou et al., 2012).  However, environmental pollutants from industrial 



waste pose severe health risks associated with heavy metal toxicity. Mining in American Fork 

Canyon from 1870-1950 (USFS) are a source of pollution into the surface waters of the area. 

Over many decades, these contaminants settled into the sediments of the Tibble Fork Reservoir 

(Fig. 1). 

 
 

Figure 1. Index map of the Tibble Fork Dam downstream into American Fork City. 



When the Tibble Reservoir Dam failed an environmental assessment, a rehabilitation 

project began to update its safety specifications. During project construction on August 20 

2016, an unanticipated amount of toxic sediments were released into the North Fork of the 

American Fork River (DEQ, 2016). People use the American Fork River for recreation activities 

and also for irrigation purposes and because heavy metal contamination can be life 

threatening, the sediment release posed a significant local public health concern. The CDC has 

not deemed any amount of lead in the blood to be safe for children and is particularly 

concerning for pregnant women (Tchounwou et al., 2012), marking this accident as potentially 

catastrophic. 

 This is not the first, nor the last time, that a mine site caused hydrologic contamination. 

In 2015 the Gold King Mine waste water spill devastated vast culinary water supplies and 

wildlife ecosystems (DEQ, 2016). However, publications related to the incident did not calculate 

the geographic distribution of the spill.  Additional attempts were made to find similar models 

calculating the human and physical geographic extent of heavy metal exposure caused by river 

contamination. However, most literature focuses only on exposure at the mine site directly, 

groundwater affects, or simply the area of interest of an incident. There are complex models 

that utilize robust equations to calculate pollution concentrations (James, 2002) downstream of 

source, but they require mathematical software and would be out of scope and time 

constraints of this project. Although this project workflow is somewhat straightforward, there 

were no previous examples to emulate, therefore, all methodology was created solely on 

professor discussions and brainstorming. 

 



DATA and METHODS 

Geospatial data for the study is from The Utah Automated Geographic Reference Center 

mapping portal and uses the UTM84 Zone 12N coordinate system. Figures 2-3 show the 

distribution of data, which includes: 

● City, county and state boundaries 

● 2010 population census blocks 

● Mine and school locations 

● Dam and hydrography datasets 

● Distribution of water related land use 

 The base maps are from ArcGIS Online services. The water sample data and monitor 

locations are from the Utah Division of Water Quality (Fig. 1). The monitor locations were 

digitized into ArcMap and the sample data was joined to the attribute of the locations.  



           

Figure 2. Population distribution map.                   

 



 

 

Figure 3. Schools and land use distribution map. 



 

First, exploratory data analysis was carried out to discover any spikes in the heavy metal 

river concentrations. Most of the analysis were done in ArcGIS 10.4. Once all of the data was 

loaded, the first step was to create a buffer around the American Fork River indicating possible 

exposure regions. Buffer zones were created in ArcMap between 0-2000 ft. with interval 

polygons every 500 feet. The dissolved multi-ring buffer zone polygons create the area of 

interest for the next part of analysis. The following process was repeated many times for school 

distribution, impacted population and water related land use areas (Figure 4). 

A. Select a buffer interval polygon (0-500 for example) 

B. Find population polygons that intersect the 500 ft. buffer and clip regions 

outside 

C. Select newly clipped population polygons  

D. Summarize or use statistics to gather numerical analysis.  

E. For populations, add a field for the original area, another field for the percentage 

area of clipped portion to be multiplied by the approximate population field to 

get approximate population of polygon within the buffer of interest area. 



 
 
Figure 4. Screenshots from the ArcGIS process to calculate exposure distribution. Process was 
repeated 12 times, for each buffer and each data type. 
 
 

 



RESULTS 

 The results of the ArcGIS analysis are summarized in Table 1 and Figure 5. While there 

are no schools within 500 feet of the river, there are 5 within 2000 feet. There are over 1200 

acres of parks and 1800 acres of irrigated land within 2000 feet of the contaminated river. 

There are between 2400 – 11,000 people potentially exposed to the toxic heavy metal soil and 

water. 

 
 
Table 1. Summary of areas and people at risk from the metal contamination spill of Tibble Fork 

Reservoir August, 2016. 
 



 
 
Figure 5. Geographic distribution of the potential pollution exposure from the accidental 
release of heavy metal sediment 
 
 



 

DISCUSSION and CONCLUSION 

Limitations of this analysis include not having monitor sample sites within the city limits of 

American Fork Canyon to get more accurate levels of heavy metal pollution distribution. The 

advection-dispersion method would best model the distribution of contamination from the 

dam. A better approximation of exposure would be to also include smaller streams and canals 

diverging from the main stem of American Fork River. In addition, the amount of impacted 

irrigation areas is only a first approximation since land areas out of the buffer zones would also 

use the river for irrigation. Another improvement would be for a better approximation of 

impacted population because not all people within a buffer region would be near the river to be 

exposed. Additionally, more irrigated polygons outside of the buffer zones would be using the 

river for irrigation needs. 

 Using ArcGIS provided a good first approximation of how many people were potentially 

impacted by the accidental spill of metal-laden sediments at Tibble Fork Reservoir. Although 

there are some limitations to this method, as a first assessment it gauges the potential 

exposure distribution of environmental risks associated with dams near historic mining sites. It 

conveys the point that because there is no safe limit of lead in children, for example, that if only 

a small portion of the calculated results (11,400) were exposed, it is still too many. It also 

suggests a higher need to monitor dams near mine sites more carefully and that by quickly 

calculating the potential geographic exposure distribution, there can be a faster response time 

to warn people of the impending danger rolling down the river to their neighborhoods. 
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