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INTRODUCTION 

An increase in storage for the Woodruff Creek Watershed is desired, and has been investigated. It is 

desired to be able to run approximately 100 cubic feet per second (cfs) of water for about 80 days 

rather than the current 20 days. The first thing that needed to be done was to see how much water 

was available on an average year. Due to the GIS approach that was taken, PRISM precipitation 

data and USGS Stream flow data were used to find runoff ratio for a 16 year time period (due to 

only available stream flow data) and was then multiplied by a 30 year precipitation average for the 

basin in order to see if the watershed produces enough water to meet the desired demand on an 

average year. A stage-storage relationship for the additional storage was then created to determine 

the required increase in dam height to accommodate the corresponding storage requirement. 

BACKGROUND 

Woodruff Creek Reservoir was built in 1970 and is located about 8 miles south west of Woodruff, 

Utah. The reservoir which currently has a storage capacity of 3,400 acre-feet stores runoff water 

from the Monte Cristo Range for agriculture purposes during the summer months (UDEQ). The 3400 

acre-ft of storage is enough to supply the downstream users with approximately 20 days of water, at 

a flow between 70 and 100 cfs after high volumes of early water spill from the reservoir during 

undesirable times. An Example of the current stream flow from the reservoir is indicated by the blue 

line in Figure 1, while the “Ideal” (desired) stream flow is noted by the red line. 

 

FIGURE 1 EXAMPLE OF CURRENT STREAM FLOW DISPLAYED WITH DESIRED STREAM FLOW 

 When the reservoir was built, the allotted storage was about 6,000 acre-ft between itself and the 

neighboring reservoir Birch Creek Reservoir which had a capacity of about 2,000 acre-ft. In the 
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1980's, an additional storage of about 8,000 acre-ft was permitted for the watershed which 

consisted of the two reservoirs. Birch creek reservoir only reaches capacity once every 15 years, 

where Woodruff Creek reservoir has spilled every year since it was built (Stuart, Bill). Therefore, any 

extra storage would need to come from Woodruff Creek watershed. There have been many 

propositions on how to accommodate the extra storage which include the construction of new dams 

below the current dams, or increasing the capacity of the current Woodruff Creek Reservoir. The 

problem that is encountered with constructing new reservoirs is that the priority to store the water is 

lower than other downstream priorities, but the current reservoir would still maintain its high priority, 

allowing all allotted available water to be stored first. 

 

FIGURE 2 WATERSHEDS AND RESERVOIRS CONTRIBUTING TO WOODRUFF IRRIGATION 

TOTAL VOLUME OF RUNOFF 

The first thing that was desired was to find the total average volume of runoff for the watershed to 

first see if the watershed produced enough runoff to justify increasing the capacity of the reservoir 

and to see if there was enough runoff to provide the desired 100 cfs for 80 days. This was done by 

finding first finding the Area of the watershed, second multiplying the area by the 30-year average 

precipitation data for a total volume, and third applying a runoff ratio to the equation for a runoff 

volume. The average values were used in this procedure solely to understand the nature of the 

watershed. In later phases of design, dry years should be given the most consideration. 
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Area of  Watershed 

The first thing that was done was to delineate the watershed above the Woodruff Creek Reservoir 

using Arc-Map. By doing this, the area of the watershed was able to be found. The coordinates of the 

dam were converted into decimal degrees, and placed into an excel file. Then, from ArcMap, this file 

was added to the working map as the location of the dam. The Watershed tool in the Spatial Analysis 

toolbox was then used to delineate the Woodruff Creek Watershed from the dam location.  This 

delineation can be seen in Figure 2. Opening the attribute table for the newly created watershed, it 

was found that the watershed consisted of 140.9 square kilometers which is approximately 54.4 

square miles or 34,816 acres. 

 

FIGURE 3 DELINEATED WATERSHED 

PRISM 30-Year Average Precipitation 

Using data from the PRISM Climate Group, the 30 year average precipitation values for the entire 

conterminous United States was downloaded and added to ArcMap (Appendix A). The data was in 

raster form with precipitation values in cells of 800 meters.  

Once the data had been imported into ArcMap, the Spatial Analysis tool "Extract by Mask" was used 

to extract all the precipitation data for the Woodruff Creek Basin (Figure 3). The basin specific 
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statistics where then put into a table and the 30-year average annual precipitation value was found 

to be 850.83 mm which is approximately 2.69 ft of water over our entire basin. 

 

FIGURE 4 30 YEAR AVERAGE PRECIPITAION FOR BASIN FROM PRISM 

 This amount of precipitation amounts to 93,700 acre-ft of water across our entire basin, however this 

is not the amount of water that will be stored. The water that will be stored will be the total 

precipitation minus evaporation, groundwater, etc. losses. Because of lack of data about infiltration, 

evaporation, etc., for the basin is available, a runoff ratio will be found to determine how much of the 

precipitation ends up in the reservoir. 

Runoff  Ratio 

The available stream flow data for the reservoir was only for 1970 to 1986 (USGS). The dataset is 

quite small for the magnitude of the problem that is faced, therefore, for the 16 year dataset (16 

water years 1971-1986) and corresponding precipitation data a runoff ratio is calculated for each 

year and then an average runoff ratio is found. This runoff ratio will be used with the 30 year 

average to give a better estimate of the average precipitation over the watershed. The Runoff Ratio 

is described in Eq. 1. 
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𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓 𝑅𝑎𝑡𝑖𝑜 =  
𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒
   

 

𝐸𝑞. 1 

PRISM Annual Yearly Precipitation (1970-1986) 

As can be seen by Equation 1, the runoff ratio is based off of two components. The first, runoff 

volume, has already been obtained through USGS, the second, Annual Precipitation Volume, needed 

to be found. From the PRISM climate group, the same group that provided the 30-year average, the 

annual data for each desired year was downloaded. During this process, a cause for concern was 

discovered. The date range for the current problem is in Utah Water Years. A Utah Water Year is 

from October 1 to September 30. Most Agricultural water rights in Utah are from May 1 to 

September 30, so storage is obtained between October 1 and April 30.  Because of the nature of the 

seasons the storage is generally depleted by October 1, hence a consistent starting point for a new 

water year. This is especially the case for Woodruff Creek Reservoir, therefore, the desired time 

period is the Utah Water Year. The problem that was discovered was that the PRISM dataset was 

from January to December. Therefore the problem arose of correlating the data with each other for 

appropriate comparisons. This would require going through 16 years’ worth of monthly data and 

grouping them in the desired time frame. Quite a tedious job if someone were to do it by hand. 

Therefore, a python code was scripted to automatically manage the data.  The following list 

summarizes the algorithm of the code, and the code itself can be found in Appendix ##. 

 All files were placed in the same working folder 

 Python sorted through the files and grouped them according to water year 

 Shape file of basin was input 

 Zone Statistics for the shape (basin) was calculated for each water year 

 Table was created to contain ObjectID (the year), and the yearly sum 

o Yearly Sum is the sum of the monthly averages which is the yearly average (Figure 4) 
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FIGURE 5 OUTPUT TABLE PRODUCE BY PYTHON SCRIPT 

 Runoff Ratio Results 

Now that the USGS stream flow data has been found, and the PRISM precipitation data has been 

organized to correspond with the stream flow data, both data sets were put into a table in excel to 

calculate the runoff ratios for each year and find the average over the 16 years (Table 1).  PRISM 

precipitation data was in millimeters; therefore some conversions also take place in the table for 

comparison purposes.  

TABLE 1 CALCULATIONS OF RUNOFF AVERAGE RUNOFF RATIO FOR A 16 YEAR TIME PERIOD 
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Average Annual Runoff  

With the basin area defined, the 30 year average precipitation found, and the runoff ratio 

determined, all the components for the average annual runoff are ready.  Equation 2 shows the 

calculation of the said runoff.  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓

= 𝐵𝑎𝑠𝑖𝑛 𝐴𝑟𝑒𝑎 (𝑎𝑐𝑟𝑒𝑠) × 30𝑦𝑒𝑎𝑟𝐴𝑣𝑔. (𝑚𝑚) ×
1 𝑓𝑡

304.8 𝑚𝑚
× 𝑟𝑢𝑛𝑜𝑓𝑓 𝑅𝑎𝑡𝑖𝑜 

𝐸𝑞. 2 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑢𝑛𝑜𝑓𝑓 = 34,816 𝑎𝑐𝑟𝑒𝑠 × 820.83 𝑚𝑚 ×
1 𝑓𝑡

304.8 𝑚𝑚
× 0.21 = 20,008 𝑎𝑐𝑟𝑒 𝑓𝑡 

The total volume of runoff during an average year is about 20,000 acre ft. The question that was 

asked earlier was whether there was enough runoff on an average year to even justify increasing the 

storage capacity of the reservoir. The irrigation company was allotted 8,000 acre ft in addition to the 

4,100 acre-ft of storage that is currently stored in the reservoir. Therefore, it can safely be stated 

that yes, there is easily 12,000 acre ft of runoff that can be stored.   

One more comparison that is important is to see is if the available water is greater than or equal to 

the demands of Woodruff Irrigation Company. As mentioned earlier, they request that at least 100 

cfs be delivered for 80 days.  For comparison purposes, 100 cfs for 80 days will be converted into a 

total volume with units of acre ft. Equation 3 shows the conversion.  

100
𝑓𝑡3

𝑠𝑒𝑐
×

86,400 𝑠𝑒𝑐

𝑑𝑎𝑦
×

 1 𝑎𝑐𝑟𝑒

43,560𝑓𝑡2
× 80 𝑑𝑎𝑦𝑠 = 15,0868 𝑎𝑐𝑟𝑒 𝑓𝑡  

𝐸𝑞. 3 

The demand requested by Woodruff Irrigation Compnay can be satisfied by the available water. 

There is more than enough on the average year to supply this demand, however, storage alone will 

not suffice. Therefore it is important to know that in order to obtain the requested flows; inflows to the 

reservoir will need to be considered especially in the later months of the irrigation season. The late 

runoff from the watershed is where the additional storage comes from.  

STAGE STORAGE RELATIONSHIP 

Now that it has been determined that there is sufficient runoff to meet the demands of the water right, 

it is important to find out if the reservoir is a good candidate for increasing the size. A good 

candidate would show exponential growth in storage as the dam height increased. A stage storage 
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relationship will be found using ArcMap to check effectiveness of increasing the dam height.  Figure 6 

is a diagram of the current storage and how the volume will change with each incremental increase.  

 

FIGURE 6 INITIAL STOARGE AND ELEVATION. ILLISTRATION OF STAGE STORAGE 

The required data to accomplish a stage storage relationship is the National Elevation Data Set (NED) 

which was downloaded as a 10 meter raster set. This was the best available data for the area given. 

To get more accurate results, a smaller raster would be best, but this is the best that was available. 

Once the data had been downloaded for the region, the “Extract by Making” tool was used to isolate 

the data just in the watershed and the new raster was named “BasinBaseElevation. This was done so 

that “Raster Calculator” could be used to determine the relationship.  

Raster Calculator was used to create 20 new raster sets that differentiated between cells in the 

“BasinBaseElevation” Raster that were above a specified elevation and the ones below the elevation 

(Figure 8). The elevations were on increments of 1 ft. Since the Elevation Dataset is measured in 

meters, conversions from meters to ft were necessary for formulation of the equation. 

 

FIGURE 7 INTERFACE OF RASTER CALCULATOR. THIS CALCULATION WAS FOR 5 FT INCREASE 
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FIGURE 8 OUTPUT RASTER FROM RASTER CALCULATOR BLUE IS RESERVOIR GREEN  IS WATERSHED 

After the raster sets had been created for the different levels of the reservoir, the next step was to 

find the statistics for each raster that was created. This was done using the Zone Stats As Table Tool. 

Figure 9 shows the results of the table, for the 5 foot increase, and the values of interest are circled in 

red.  

 

FIGURE 9 ZONAL STATISTICS FOR THE RASTERS PRODUCED FROM RASTER CALUCLATOR 

The calculator only produced 2 scenarios, everything above, and everything below, identified by 

OBJECTID. The first value that was of interest was the count column for all the values below the 

elevation. This is revealing how many 10 meter square raster cells are located below the elevation 
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that was stated in the Raster Calculator. The second red circle indicates the average elevation of the 

cells below the specified elevation. With these values, the increase in volume for the new elevation 

can be found using Equation 4. 

𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒

= (𝑁𝑒𝑤 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 − 𝑀𝑒𝑎𝑛 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑙𝑜𝑤) × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑒𝑙𝑙𝑠 × 𝐶𝑒𝑙𝑙 𝐴𝑟𝑒𝑎 

𝐸𝑞. 4 

The new elevation is the elevation of the dam. The reason that the mean elevation is subtracted, is 

because the average elevation below the new datum would simulate entire elevation of the cells 

below the new datum, in turn giving the thickness dimension of the incremental water storage.  

As mentioned, the previous procedure was done for each foot of increase up to 20 feet. The results 

are shown in Table 2.  

TABLE 2 STAGE STORAGE RELATIONSHIP FOR ONE FOOT TOO 30 FEET INCREASE 
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From analyzing the statistics calculated in the Stage Storage table, it can be noticed that this reservoir 

is not very efficient with topology. Ideally, when the dam is raised, the top half of the storage 

increases much more rapidly per unit of increase. This pattern occurs with this reservoir, however it 

does not occur as rapidly as would be desired. It takes an entire 20 feet to gain an additional 2100 

acre-ft of storage. When you start discussing raising a dam a significant amount, then costs and logic 

is lost. Therefore, increasing the size of the dam would likely be infeasible given the conditions 

encountered with the stage storage relationship.  

Work beyond this point might include finding a location for another reservoir below the current one if 

a study found that the loss of priority would be of minimal significance. Another route might be to run 

an optimization model for the system. An optimization model would include the following: 

 Objective function is to Minimize the Capacity 

 The main decision variable would be the reservoir size, but others might be found during 

model formulation such as spills.  

 Constraints would be the agricultural demands and the maximum capacity 

 Inflow data would need to be processed from the USGS data 

An optimization model would be of great significance because it would basically minimize the size of 

the reservoir by taking into account inflows throughout the entire seasons. An optimization model will 

not be used in this study, but should be done in future work. 

CONCLUSION 

Woodruff Creek Reservoir has been analyzed to find out if the contributing watershed produces 

enough runoff to accommodate new storage water rights. Not only if it produces enough water to 

satisfy the storage right but also the desired agricultural demands for Woodruff Irrigation Company. 

It was found that the watershed produces enough water for both interests. Therefore, a stage-storage 

relationship was found for every foot of increase in the reservoir from 4 ft up to 30 ft. This was done 

to see if the reservoir was capable of being increased to the desired capacities. It turns out that due 

to the topology of the surrounding area that little extra storage is gained as the dam height is 

increased. Therefore, it was concluded that at this point an optimization model should be ran for 

future work to find the smallest reservoir size that can produce the desired agricultural demands. 
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APPENDICES 

Appendix A- PRISM 30-Year average preciptions for the conterminous 

United States
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Appendix B- Python Script for organizing PRISM annual data into 

Utah Water Year data.  
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Appendix C- National Elevation Dataset Isolated to the watershed

 


