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Introduction 

In the summer of 2017, the Tank Hollow Fire burnt an area of 11,067 acres in the Uinta National 

Forest in Spanish Fork Canyon (InciWeb 2017). Forest fires are a destructive force that can 

cause millions of dollars in structural damage, loss of property, and even loss of life. One thing 

that is not immediately thought of when one thinks of forest fires is how this fire effect the 

watershed. Forest fires can potentially cause a higher risk of downstream flooding due to a lower 

infiltration rate and an increase in surface runoff. For this project, it will be determined if the 

recent Tank Hollow Fire will increase the streamflow depth and risk of flooding downstream in 

the city of Spanish Fork for the upcoming year. The project location can be seen in Figure 1.  

 

Figure 1. Project Overview 

Objective 

The overall aim of this project is to determine if the Tank Hollow Fire will have an effect on the 

streamflow and stage height of the section of the Spanish Fork River that runs through some 

residential areas of Spanish Fork City and determine if there are some new potential flooding 

areas.  There are three objectives needed to achieve this aim: perform a Height Above Nearest 

Draining (HAND) analysis to develop a flood map for the area of interest, develop a flow rating 

curve for this section of the Spanish Fork River, determine the runoff for the pre-fire and post-
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fire watershed for a 1-year, 10-year, and 25-year 2-hour storm event, and analyze the effect of 

the fire on the flood map.   

Hypothesis  

It is believed that the Tank Hollow Fire was large enough to result in an increase of areas in 

Spanish Fork City that are in risk of flooding.  

Methods 

Flood Map 

The first step of this project was to produce a flood map of the area of interest in Spanish Fork 

City named the “Spanish Fork Watershed.” The HAND method was chosen because it is a 

relatively simple method to approximate flood inundation with ArcGIS. HAND works by 

associating a height from the stream bed to a point of interest through the use of a Digital 

Elevation Model (DEM). Flooding occurs at this point when the water depth of the river is above 

the height of the point of interest (Tarboton 2017). By knowing the HAND for every cell within 

the Spanish Fork Watershed, a flood map can be produced for various stage heights.  

To begin the HAND method, the 1/3 arc-second DEM and the National Hydrography Dataset 

(NHD) that cover the Spanish Fork Watershed was downloaded from the United States 

Geological Survey (USGS), using their online map tool. The DEM downloaded gave the 

elevation for the site in cells roughly 7.87 by 10.30 m in size for the latitude of Spanish Fork.  

Next, the catchments and stretch of river that were of interest were developed using ArcGIS 

online. The catchments were selected based on the route of the Spanish Fork River and the 

number of address points that are in close proximity to the river and fall within the catchments. 

The address points for the entire state of Utah were downloaded from the Utah Automated 

Geographic Reference Center (AGRC) and then filtered for the points that fell within the 

catchments. Seen below in Figure 2.   



Tank Hollow Fire   White 

6 
 

 

Figure 2. Overview of the Spanish Fork Watershed with Address Points  

Then, with the use of the TAUDEM toolbox in ArcGIS, the various steps were performed to 

transform the DEM to a flood map. An additional step of obstacle removal was performed to 

make sure the most accurate flood map was developed. The obstacle removal was needed 

because of the raised highway that runs through the watershed. The original DEM had elevation 

values that were atop of the road surface, but in reality, there was a bridge that allows the river to 

run underneath it. By removing this obstacle and allowing the flow to pass under the highway, a 

more realistic flood map was developed for the area of interest.  

Flow-Rating Curve 

With the stage heights and with some additional statistics that were developed using the 

TAUDEM toolbox, the flow could be determined using Manning’s Equation. 

 𝑄 =
1

𝑛
𝐴𝑅

2

3𝑆
1

2 (1) 

Where Q is the flow rate (m3/s), n is the manning’s roughness coefficient, A is the flow area 

(m2), R is the hydraulic radius (m), and S is the channel slope (m/m).  

With the various stage heights, a flow-rating curve was developed for this length of the Spanish 

Fork River. This rating curve was used in conjunction with the additional runoff determined 
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from the Tank Hallow Fire to determine which address points could potentially experience 

flooding in the near future.  

Runoff 

The method chosen to determine the runoff for the pre-and post-fire conditions was the SCS 

curve number (CN) method. This method is strictly dealing with precipitation in the form of 

rainfall. This was chosen because it is a widely used method for approximating the amount of 

runoff by using the following equations,  

 𝑄 =
(𝑃−0.2𝑆)2

(𝑃+0.8𝑆)
 (2) 

 𝑆 =  
1000

𝐶𝑁
+ 10 (3) 

Where Q is the runoff (in), P is the precipitation (in), S is the potential maximum retention after 

runoff begins, and CN is the curve number.  

The curve number is an empirical value developed by the Natural Resources Conservation 

Service (NRCS) and is based on the hydrologic soil group, which are classified as either A, B, C, 

or D, and land use (Purdue). Curve Numbers range from zero to 100 and are nonlinear. To 

determine pre-fire curve number, the hydrologic soil group first needed to be determined. With 

the use of the NRCS web soil survey, a soil analysis was performed and the Tank Hollow 

watershed was mostly soil group C. Group C soils have the characteristic of having low 

infiltration rates. Utah Department of Transportation (UDOT) provided a curve number table, 

seen below in Table 1 for forested areas. 
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Table 1. UDOT’s Curve Numbers for Forested Areas 

 

Because the Tank Hollow watershed is within the Uinta National Forest, it mostly consists of a 

cover type of Pinyon-juniper. Due to the cover type and a hydrologic soil group of C, the curve 

number for the pre-fire watershed was selected as 73.  

Because forest fires cause less infiltration and initial abstraction, the Tank Hollow fire caused a 

portion of this watershed to have a higher curve number. There are many methods proposed to 

determine the post-fire curve numbers. For this project, a method was used that was developed 

by Higginson and Jarnecke in 2007. Their method was to take the pre-fire curve number and add 

5, 10, or 15 to the initial value (with a max of 100). The addition of 5 was for a low burn 

severity, 10 being moderate severity, and 15 being a high burn severity. To find the runoff for the 

worst-case scenario, an addition of 15 was used and the post-fire curve number was selected as 

88.  

The precipitation values were determined using the National Oceanic and Atmospheric 

Administration (NOAA) point precipitation frequency web tool.  A point within the Tank 

Hollow watershed was selected and a table of precipitation depths for various durations and 

recurrence intervals was developed, which can be seen in Appendix A. For this project, three 

precipitation depths for 1-year, 10-year, and 25-year 2-hour storm events were used to develop 

the runoff in Equation 2. These storm recurrence intervals were chosen to compare increasing 
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intensities of precipitation and their affect. In addition, Utah typically experiences relatively 

short precipitation durations. The storm duration of 2-hours was chosen because the duration was 

long but was within reason for this watershed’s location.  

Calculations and Results 

The stage heights for the flood map were split up into depths of 0.5 m, 1 m, 1.5 m, 2 m, 5 m, and 

greater than 5 m. The resulting map can be seen in Figure 3 below.  

 

Figure 3. Flood Map for the Spanish Fork Watershed 

The stage heights were split between these seemingly low values because of the typically low 

streamflow that this length of river experiences. With the selected stage heights, the 

corresponding streamflow was determined using Equation 1 and the calculations can be seen in 

Table 2 below.  
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Table 2. Calculations of the Manning’s Equation 

 

By converting from Metric units to English units and plotting the various stream flows (cubic 

feet per second) (cfs) and stage heights (ft), a flow-rating curve was developed which can be 

seen below in Figure 4.   

 

Figure 4. Flow-Rating Curve for Section of the Spanish Fork River 

The runoff depth due to the three storm events and two conditions was developed with the SCS 

CN method using Equation 2 and Equation 3, which can be seen in Table 3 below.   
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Table 3. Calculations for Runoff 

 

The average runoff depth was determined using a weighted average by area rather than averaging 

the curve numbers. This method was used because curve numbers are nonlinear. By averaging 

pre-fire and post-fire curve numbers and then determining the runoff depth, the runoff depth is 

associated with this new curve number and not necessarily rooted in the pre-fire and post-fire 

conditions. The averaging the runoff depths by area weight average is averaging a physical 

quantity and gives a better estimate of the runoff depths. The bottom row of Table 3 is the 

increase in runoff that the watershed could experience with the present post-fire conditions.  

To relate the increase in runoff to the flood map, historical stream data was used which can be 

seen in Figure 5 and Figure 6 below.  
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Figure 5. Upstream Gage USGS 10150500 Annual Peak Streamflow 

 

Figure 6. Downstream Gage USGS 10152000 Annual Peak Streamflow 

These figures represent the annual peak streamflow for the USGS gages that are located 

upstream and downstream of flood map. Typically, this stretch of river experiences a peak 

streamflow of around 1,500 cfs in the spring (Spanish Fork 2017). This streamflow of 1,500 cfs 

results in no address points in the flood zone. The change in runoff values from Table 3 was 

added to 1,500 cfs, the stage height was determined using linear interpolation from the developed 

rating curve. The results can be seen below in Table 4.  
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Table 4. Stage Heights for Peak Flow and Addition of Storm Events 

 

The results show that the post-fire conditions do have an effect on the downstream stage height. 

There is some new potential flooding due to the 10-year and 25-year 2-hour storm events and the 

addresses that are now affected can be seen in Figure 7 below.  

 

Figure 7. At Risk Address Points 

Historically, there have been three years where the peak streamflow was above 3,000 cfs. To see 

how the Tank Hollow fire would affect these abnormally high flows, the stage height and 

streamflow was constructed using the same method as before, which can be seen below in Table 

5.  

 

 



Tank Hollow Fire   White 

14 
 

Table 5. Stage Heights for Maximum Peaks and Addition of the Storm Events 

 

Conclusion 

The hypothesis that the Tank Hollow Fire was severe enough to result in an increase of areas that 

are in risk of flooding was correct based on this analysis. With the typical peak streamflow of 

1500 cfs, the layout of the addresses surrounding this length of the Spanish Fork River are not at 

risk of being flooded. However, due to the increased runoff caused by the Tank Hollow Fire, 

there are now some addresses that should make some preparations to mitigate the amount of 

potential flood damage. 

The project was limited in some ways to the data that was available. There are some areas in 

Utah where 1/9 arc-second DEM data is available but unfortunately for Spanish Fork City it is 

not. With a higher resolution DEM, a better flood map could be developed for a more accurate 

result.  The SCS curve number method uses a broad assumption that the curve number is 

consistent throughout the entire watershed where is reality that is unlikely. The gain a better 

understanding of the runoff produced for the Tank Hollow Watershed, a more in-depth 

hydrologic model should be used. 

A possible next step in continuing this project could be to analyze if there is an increase in 

sedimentation in the river and how this could change the flood path downstream in the 

residential areas. In addition, the runoff due to snowmelt could be analyzed to see which method 

of precipitation will have the greatest effect on the downstream watershed.  
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