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Executive Summary 
 

PROJECT TITLE:  Flood Investigation and Solution Evaluation 

PROJECT ID:  CEEn_CPST_003 

 PROJECT SPONSOR: Spanish Fork City 

TEAM NAME:  Utah Engineer 

 

Due to the amount of runoff and high roadway crown, 400 North in Spanish Fork City accumulates 

water during heavy rainfall. Existing stormwater infrastructure does not remove enough of this 

water from flooding the roadway and residential property. Spanish Fork has previously used 

detention tanks to mitigate high runoffs in similar watersheds. Since flooding occurs when the 

runoff spills over the curb, not all the water needs to be removed to mitigate the flooding. 

Using hydrologic models to determine the runoff volume of a storm, runoff is assigned to paths 

according to natural topology and existing structures. These runoffs accumulate and eventually 

reach 400 North. Locations for detention tanks were placed along these accumulated flows. It was 

calculated that 67 percent of the runoff will be caught in the detention tanks. 

The first phase involved a preliminary analysis of the existing stormwater systems and 

infrastructure. The basin and sub-basins were delineated based on contour maps from the 

Spanish Fork Website and the existing stormwater infrastructure. Runoff coefficients were 

determined using Hec-22 tables, and rainfall intensity was obtained from the sponsor's 

recommended values. Our team used a C value of 0.9 based upon the landscape and terrain of the 

given area. The runoff and volume of water were calculated using the rational method formula 

contained in HEC-22. The accumulation of volume of water and flow maps were determined for 

each intersection in the basin. A total volume of 384,700 cubic feet of water was flowing on 400 

North.  

 

The second phase of the project involved specifying the required storage capacity and location to 

reduce flooding. The recommended design was the installation of detention tanks in several park 

strips along the road as needed. A standard design for detention tanks in Spanish Fork was used 

to calculate the tank's capacity, which consists of the discharge and tank volume. A six-foot 

depth by a four-foot width detention tank calculated a volume of 29 cubic feet. The project 

determined that the existing stormwater infrastructure could not hold the volume of water 

flowing on 400 North, necessitating the installation of additional detention tanks to prevent 

flooding. Installation of the two-layered detention tank system would help the stormwater 

discharge of Spanish Fork by 67%. A three-layered detention tank system can help the discharge 

by 94%. A two-layered system would cost around 1.2 million dollars, while a three-layered 

system would cost around 1.8 million dollars. 
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Introduction 

Background: 

The project Utah Engineers received was related to the flooding that constantly occurs in certain 

areas of the city of Spanish Fork. Our assignment was to find a solution to the flooding issue and 

drainage complications for the crossroads of 400 North and 400 East. During large storm events, 

the intersection of 400 North and 400 East becomes flooded without proper drainage. The drainage 

in this area has been primarily irrigation ditches that serve as gutters on the edge of pavement. The 

ditches get smaller as the system goes downhill while the need for storm drain capacity increases. 

This results in pooling of water that eventually leads to homes causing property damage and health 

risks. See figure 1 

The project scope is to map a specified area of the city and provide recommended measures to 

alleviate flooding. To meet these objectives, the project was divided into two phases which 

consisted of: 1) investigate the stormwater runoff and volume based on existing infrastructure and 

2) specify the required storage capacity and location needed to reduce flooding. 

Our investigation of the stormwater quantity was based on the modified rational method. The 

modified rational method is not a standard for calculating volume of runoff. However, for the 

purpose of this project, where our analysis was limited to about 6 acres of area for sub-basins, our 

client recommended the use of the modified rational method to estimate the runoff volume. The 

use of this method has also been approved by our faculty mentor. 

Our investigation also included multiple field visits to collect data regarding flow direction and 

online tools such as the interactive map for Spanish Fork that contains contour data. We also used 

Google Maps and Google Earth to delineate the area and estimate the total accumulated volume 

of stormwater on 400 North. We have detailed out two possible options as well as a cost/benefit 

analysis to assist in choosing the most viable option for the project. Our goal is to reduce the 

accumulated stormwater volume on 400 North by at least 65 percent. 

Assumptions and Limitations:  

Several assumptions had to be made in order to appropriately estimate the volume of water. There 

are also a few limitations to our project progress. Below is a list of assumptions and limitations:  

Assumptions: 

1. We created a model with the assumption that each sub-basin in our analysis had the same 

C value. The C value is a measure of the distribution between the pervious and impervious 

area within a basin. It is higher when the basin contains more impervious areas than 

pervious areas. For this project however, the distribution within different sub-basins was 

similar enough to assume the same C value based on an average distribution. 

2. We assumed that the time of concentration for our sub-basin was less than 5 mins for the 

maximum runoff calculations. This recommendation for time of concentration was made 

by our sponsor. 

3. We designed for a maximum stormwater volume of 60 mins duration for a 10-year storm. 

This again was based on recommendations from our client.  
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4. Additional assumptions regarding runoff, volume calculations and storage capacity are 

included in the body of the report section. 

Limitations: 

1. The modified rational method constituted the main limitation for this project. Typically, 

stormwater volume is estimated through the NRSC method instead of the rational method, 

mainly because, unlike the NRCS method, the modified rational method does not produce 

a true hydrograph, only an approximation. In addition, it does not account for other factors 

such as evaporation, temperature, impact of land use changes or other environmental 

factors. 

 

Schedule 

This timeline highlights the key milestones that our team achieved throughout the project.  

● We began the semester by studying and learning about HEC-22 and Dr. Hotchkiss' notes 

to gain a solid understanding of contours, grading, and hydrology.  

● Prototypes of our basins and sub-basins were created using our resources around February 

16th. 

● We then started team meetings starting from February 28th and began going out to the field 

on several occasions, including March 3rd, March 8th, and March 25th. 

● Throughout the project, we had weekly meetings with Michael and James to update them 

on our progress and help us get on the right track. James provided us with data from the 

field on March 15th, which we used to create a flow map of all the intersections by March 

27th. 

● After analyzing the flow-map, we were able to determine the locations of the basins and 

sub-basins, which we finished on April 1st.  

● Finally, on April 8th we were able to complete the R tank locations and spreadsheet, which 

helped us identify the best locations for installing underground chambers to manage 

stormwater runoff in Spanish Fork. 
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Design, Analysis & Results 

Preliminary Analysis: 

Phase 1 of our project was to investigate the stormwater volume based on tools and maps shown 

below. We decided to start with a preliminary analysis. The preliminary analysis was based on the 

current stormwater systems and infrastructure. This analysis was done following the steps below: 

1. Basin and Sub-basin delineation 

Our objective delineating the sub-basin was to find the runoff and volume of water passing each 

road intersection. 

We delineated our basin based on the contour maps provided on the Spanish Fork Website and the 

existing stormwater infrastructures. The streets 800 East to 400 East currently do not have any 

stormwater drainage infrastructure other than existing cleaning boxes installed at each intersection. 

Below is a map of the basin of concern. 

 
Figure 1: Spanish Fork, Final Basin Area 

Our sub-basins were determined to be the area covering each block and half of the adjacent streets. 

Each sub-basin was assumed to be similar with the same C values. Below is an example of a sub-

basin for this project. Green is sub-basin A and blue is Sub-basin B: 
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Figure 2:  Spanish Fork, Sub-Basin Area 

2. Runoff coefficient 

Using Table 3-1 of Hec-22, we determined that our runoff coefficient for the previous area (Grass, 

soil, sand) had a C value of 0.18 and every impervious area (driveways, sidewalks, parking lots) 

had a C value of 0.9. 

We calculated our weighted C for the sub-basin as follows: 

Weighted C = Σ (Cx * Ax)/A_total                  Hec-22 (Equation 3-2) 

Weighted C = (% pervious area) * 0.18+ (% impervious area) * 0.9 

For Sub-basin A, we estimated a distribution as pervious area of 59 percent and the impervious 

area of 41 percent. The percentages were calculated by using Spanish Fork’s GIS tools to 

determine a total area of impervious surfaces within a standard sub-basin and then compared to 

the area of a block. Based on these numbers, we estimated the weighted C value to be 0.48. 

For Sub-basin B, there is no pervious area, therefore the C value is 0.9. 

3. Rainfall intensity 

We used recommended values from our sponsor for the rainfall intensity. For peak runoff the 

recommended rainfall intensity was 3.31 in/hours based on a 5 min time of concentration and a 

10-year storm. 

For maximum volume, we used a rainfall intensity of 0.87in/hour based on a 60 min duration for 

a 10 year storm. 
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4.  Runoff and volume 

We used the rational method formula contained in HEC-22 as follows:                                 

               Q = (CIA)                                    HEC-22 (Equation 3-1) 

Where:  

Q = Flow, m3 /s (ft3 /s)  

C = Dimensionless runoff coefficient 

 I = Rainfall intensity, mm/hr (in/hr) 

 A = Drainage area, hectares, ha (acres) 

The volume of water was calculated as follow: 

  V= Q*t 

Where:  

 Q = Flow (ft3/s) 

  t = 3600 second (based on 60 mins duration) 

For each sub-basin the volume of water was determined as shown in the tables below Table 1and 

Table 2 show the calculated volumes for the right and left portion of the intersection respectively. 

Table 1: Sub-Basin A 

Total area 5.62 acres

Pervious area 59%

Impervious area 41%

Pervious C 0.18

Impervious C 0.9

Weighted C 0.48

Runoff 2.32 cfs

Volume 8400 Cubic feet

Sub-basin A

 

Table 2: Sub-Basin B 

Total area 0.44 acres

Pervious area 0%

Impervious area 100%

Pervious C 0.18

Impervious C 0.9

Weighted C 0.9

Runoff 0.35 cfs

Volume 1300 Cubic feet

Volume iInter 1260 Cubic feet

Sub-basin B
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Using this, we calculated the runoff and volume accumulation for each intersection in our basin. 

This was done with the assumption that each basin had approximately the same C value and the 

same area. 

The table below shows the accumulation of volume of water on 800 East for both left and right 

flow. Similar tables were also made for 700 East, 600 East, 500 East, and 400 East. 

Table 3: Stormwater Volume of 800 E 

 

Our investigation has also shown that at some intersections, the flow of water changed direction 

or split such that a certain percentage of water at an intersection either crossed to the other side of 

the street or flowed straight through the intersection as shown in the image below. 

 
Figure 3: Flow Map of 200 N 400 E & 300 N 500 E 
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Figure 4: Flow Map of Lots below E Center St 

We had to account for these splits in our analysis in order to know where the water was flowing 

and what quantity was accumulating at each intersection. Below is an example of the calculated 

water flow for 800 East based on flow accumulation and flow splits. 

Table 4: Stormwater Flow of 800 E 

 

Similar volume accumulation was done for 700 East, 600 East, 500 East, and 400 East.  

We added all the accumulated volumes from all these streets and found a total volume of 384,700 

cubic feet of water flowing on 400 North. Even though some areas on 400 North such as the 

roundabout have inlets that were connected to a detention tank and storm sewers, none of these 

facilities could hold this amount of water.  

Storage design: 
The second stage of our project was to specify the required storage capacity and location needed 

to reduce flooding. Our sponsor recommended that we analyze detention tanks that can be installed 

in several park strips along the road as needed. A standard design for detention tanks in Spanish 

Fork is shown in Figure 7: 
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Tank capacity: 

The tank’s capacity consists of discharge and tank volume. 

The discharge of the tanks was calculated as follow: 

Discharge = Tank discharge width*tank infiltration rate 

With tank effective width = 6 ft                                                                   

Tank infiltration rate = 0.167 in/min (From client) 

Table 5: Stormbrixx Infiltration 

 

Tank capacity = (Discharge * 60 min * 60 sec/min) + (Tank width * Tank depth) 

● For 6ft deep by 4 ft wide tank, the tank capacity is  

Tank capacity = (0.0014 * 3600) + (6 * 4) 

Tank capacity = 29 cubic feet/ feet 

● For 9 ft by 4 ft wide tank, the tank capacity is 

Tank capacity = (0.0014 * 3600) + (9 * 4) 

Tank capacity = 41 cubic feet/ft  

As shown above, every foot of 6 ft deep tank can store 29 cf of water, and every foot of 9 ft deep 

tank can store 41 cf of water. 
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Recommendations 

Detention tank location: 
Based on our preliminary analysis and storage capacity calculated above, we recommended tanks 

locations and depth based on the following requirements from the client: 

● All detention tanks are installed on park strips that would be excavated  

● Park strip that contains trees or other infrastructure cannot be used for storage 

We have included all tank location recommendations in the appendix. Figure 5 is an example of 

recommended tank locations and length for 4 blocks. See Figure 9 through Figure 11. 

To capture the required percentage of the runoff, several detention tanks were placed in the park 

strips of each street. If the total number of the tanks becomes an issue for the project, locations 

should be removed from the southeast corner to the northwest of the area. The lengths of each 

location should be considered to reduce redundancy in labor. 

 
Figure 5: Detention Tank Locations 

Tank depth: 
We made two separate analyses for different tank depths.  

● For 6ft deep tank: 

This consists of two layers of R tank as shown on the standard drawing in Figure 7. 

Below is the analysis made for only 800 East: 



 

Page 16 of 39 

 

Table 6: R Tanks of 800 E 

 

Similar tables for 700 East, 600 East, 500 East, and 400 East are included in the appendix. Based 

on the storage capacity of the 6ft deep tank, we calculated that the total water stored or detained in 

our basin would be 246186 cubic feet or 67% of the initial volume. The required total length of 

detention tank installed to detain that amount of water is 8834 ft. 

Table 7: Detained Stormwater Percent 

 
• For 9 ft deep tank: 

This consists of three layers of R tanks. Using these tanks would increase the capacity of 

tanks but might be more expensive due to excavation. Below is the analysis for 800 East 

based on 9 ft deep tanks or 3 units. 

Table 8: Three Layers of Detention Tanks 

 

Similar tables for 700 East, 600 East, 500 East, and 400 East are included in the appendix. Based 

on the storage capacity of the 9 feet deep tank, we calculated that the total water stored or detained 

in our basin would be 362194 cubic feet or 94% of the initial volume. The required total length of 

detention tank installed to detain that amount of water is 8834 ft. 
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Table 9: Three Layer Detention Tank Percentage 

 
 
 

Other recommendations: 
 

• Additional flow direction 
While choosing the tanks locations, we realized that in certain places, there was not enough 
volume of water while there was a lot of park strip spaces that could be used to install R 
tanks. To make our design more efficient, we decided to divert some volume of water in 
those places and specify tanks to reduce the total volume of water. These places include the 
intersection of 300 S and 200 S with 800 E where the water from the right side should be 
redirected to the left side that has available tanks space. Additional location includes the 
intersection between 100 S with 600 E and 500 E where 40 percent of water should be 
redirected to the left side of the flow. 

• Inlet capacity 
Our design of tank only looked at volume and did not consider runoff. We assumed that the 
inlet capacity leading to R tanks was able to get the maximum volume of water it was 
designed for regardless of the discharge rate. In general, inlets are not 100 percent 
efficient, and can only intersect a certain percentage of water while the water not 
intercepted is called bypass. With this in mind, we recommend using combination inlets 
along with the R tanks. According to HEC-22, Combination inlets provide the advantages 
of both curb opening and grate inlets. This combination results in a high capacity inlet 
which offers the advantages of both grate and curb-opening inlets. Depressing the curb 
opening would significantly reduce the length of inlet required. Perhaps the most practical 
inlets or procedure for use where near total interception is necessary are sweeper inlets, 
increase in grate width. 
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Cost Benefit Analysis 
The following estimates are not specific due to the large scope of the project and the constant 

change of construction costs.   

ACO Stormbrixx cost: 

● Taking into account that one module costs roughly $278, we estimated the cost for 

installing 8834 feet of stormbrixx for both 2 and 3 layers of detention tank versus the 

benefit as shown in the table below:     

Table 10: Detention Tank Costs 

 

As shown above, 2 layers or 6 ft are typical and cost less but can only detain 67% of the initial 

stormwater volume. However, 3 layers of stormbrixx can detain 94% of the initial volume but 

cost about $700,000 more than the 2 layers.  

ACO StormBrixx installation:  

Total cost estimate per chamber- $60,000-85,000 lump sum 

● This cost factors tank configuration, module materials, cavity excavation etc. The cost of 

each tank fluctuates depending on the size and specification of the unit being installed.   

● The cost of these systems may differ from other companies that provide similar detention 

systems. eg. R-tank, ADS Stormtech etc.  

The cost of engineering design layout plans, construction labor, easements and permits for a 

project of this magnitude varies. The project may be broken up into phases to reduce the large 

cost to the city.  

● If the city decides to sub-contract private sector firms and companies, they will bid for 

the project with different price ranges in their contracts to complete the engineering and 

construction scope of the project. This could range from $20,000-$150,000.   
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Related Issues 
This project will have a great impact on the residents living in the project area in Spanish Fork. 

The failure of the storm system has plagued the residents for several years by causing flooding 

onto their properties. The flooding caused by the drainage complications may cause a range of 

public health issues, including mold, and injuries. The excess water will lead to the flooding of 

basements, if continuous water damage is prolonged the development of mold could become a 

major health risk to the home owners. Eliminating the drainage issues will then eliminate any 

health risks directly connected to the excess water.  

Regarding the impact on the safety of individuals and communities in the area, the flooding of the 

storm system could damage the residents property and homes. The people of Spanish Fork have 

had to use sand bags to stop water from entering into their homes. Our project's impact will greatly 

reduce this issue. If families are displaced from their homes, causing more economic hardships 

due the needed repairs. This can lead to increased levels of stress and mental health issues in 

affected individuals and communities. 

Many of the residents who live in the project area will want to remain in their long term homes, 

where their families were raised or homes they were born into.  Our sponsors grandmother who 

lives on 400 North where there is major flooding has occurred is one of these individuals. The 

success of this project will bring great comfort to these individuals as we aim to help them protect 

their homes. Also, no environment can be truly healthy without the proper management of 

stormwater this includes planning and implementing measures to control the negative impacts on 

the environment caused by lack of run-off which led to the flooding.  

The storm system’s issues that leads to the flooding cannot be overlooked as it can exacerbate 

existing social inequalities, particularly for vulnerable residents especially, low-income families, 

individuals, the elderly, and those with disabilities. The current situation can disproportionately 

affect these groups, leading to increased levels of financial burden from damage to property. Also, 

if left unattended, the excess water can have significant environmental impacts. This project 

focuses on capturing the excess water before it can accumulate and flood these areas. It is key to 

understand that capturing excess water before it can accumulate.  This process involves 

implementing stormwater management techniques that focus on reducing runoff and increasing 

infiltration. However, if the intensity of a rainfall event increases more than what the proposed 

system is intended to store, then mitigation should be in place to protect the environment from 

excessive damage.  

Throughout the project, the focus has been on analyzing the economic impact of the solutions 

proposed for addressing the storm water issues. Our primary objective is to identify the most 

sustainable and cost-effective recommendation that is feasible and minimizes the construction 

timeline. This approach ensures that the residents of the affected area can continue their daily 

activities without significant disruptions during the implementation of the construction activities.  

In summary, this project is aimed at addressing the flooding caused by stormwater complications. 

The successful completion of this project could mitigate the risk of future damage, discomfort, and 

economic losses caused by the current stormwater system.   
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Lessons Learned 
Throughout this project, our group faced many challenges. Communication and scheduling our 

times to meet up to work on certain tasks of the capstone project became quite unorganized. It was 

not until we had weekly meetings with the city engineers of Spanish Fork, that we had a defined 

schedule of what was needed and a better scope of this project.  

During the learning process of this project, our team was very limited on the knowledge of 

hydrology. We spent quite a lot of time understanding and reading upon notes from our professors 

as well as outside research. When working throughout this project, we learned a lot through trial 

and error.  

When starting the flow map, our team needed to understand contours, inlet locations, and splits of 

the storm water runoff at each intersection. This led to multiple site visits along with receiving 

data from James Darling. Other than our weekly meetings with the sponsors, we held weekly 

meetings on the weekends to brainstorm these issues and resolve them to present for the next week. 

For calculations, our team needed to find out the total volume of water that was entering the given 

scope of the project. It was not quite clear why there was so much stormwater until we realized 

there was another source of stormwater that was leading into the area. After changing the 

spreadsheet to account for this matter, the city engineers approved the changes.  
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Conclusions 
Throughout this project, our team used a data-driven approach to design basins and sub-basins in 

the city of Spanish Fork. Our team utilized a flow chart of the city and a spreadsheet that calculated 

runoff and discharge, which allowed us to consider various factors that affect the behavior of water 

in the city, such as the flow of roadways and runoff from housing lots. We were able to consider 

the unique characteristics of the city, such as its topography, infrastructure, and land use patterns, 

in our designs. 

Our reliance on data as well as our best assumptions or intuition allowed us to create designs that 

are based on understanding of the behavior of water in the city. 

By utilizing a runoff/discharge spreadsheet and a flow map, our team was able to pinpoint optimal 

locations to install detention tanks in troubled areas. These tools allowed us to identify areas where 

detention tanks would be most effective in managing flooding and minimizing the impact of 

stormwater runoff. Through this approach, we were able to provide an additional layer of 

protection against flooding in the city and improve the overall management of stormwater runoff. 

Our team met with the city engineers of Spanish Fork on a weekly basis to provide updates on our 

progress and get their approval on our work. These meetings were essential to ensure that our 

designs were well-suited to the needs and priorities of the city. During these check-ins, we were 

able to provide the city engineers with detailed updates on our progress, including any changes or 

adjustments we had made to our designs. We were also able to answer any questions they had and 

address any concerns they raised. 

The streets 800 East to 400 East were found to have no stormwater drainage infrastructure, 

except for existing cleaning boxes at each intersection. The basin was divided into sub-basins, 

with each sub-basin assumed to have the same C values. Using Hec-22, the runoff coefficient 

was calculated for each sub-basin, based on the previous and impervious areas. We concluded 

that a C value of 0.9 would be sufficient based upon the landscape and terrain of the given area. 

The rational method formula was used to determine flow, and the volume of water was 

calculated for each sub-basin. The volume of water accumulating at each intersection was 

calculated, accounting for splits in flow. The total volume of water flowing on 400 North was 

found to be 384,700 cubic feet, which exceeded the capacity of the existing stormwater 

infrastructure. The underground R tank capacity for 6 feet by 4 feet has a volume of 29 cubic feet 

per foot while the 9 feet by 4 feet has a volume of 41 f cubic feet per foot. 

We would recommend the installation of detention tanks on most park strips on most blocks in the 

problematic area. This allows for about 67 percent of stormwater runoff to be deterred into the 

detention chambers and will help with the flooding issue of Spanish Fork. This method allows for 

easy maintenance as well. If maintenance were not as big of an issue, having three layers of 

detention chambers instead of two would be helpful in deterring stormwater runoff. This would 

capture 94 percent of stormwater runoff instead of 67 percent. 
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Appendix A
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Appendix B 
 

 
Figure 6: Flow Map 
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Figure 7: Stormbrixx Standard Drawing 
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Figure 8: Sub-Basins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXISTING VOLUME ACCUMULATION 
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Table 11: Stormwater Flow of 700 E 

 
 
Table 12: Stormwater Flow of 600 E 

 
 
Table 13: Stormwater Flow of 500 E 
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Table 14: Stormwater Flow of 400 E 

 
 

Table 15: 6 ft Tank Stormwater Flow of 700 E 

 
 

Table 16: 6 ft Tank Stormwater Flow of 600 E 
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Table 17: 6 ft Tank Stormwater Flow of 500 E 

 
Table 18: 6 ft Tank Stormwater Flow of 400 E 

 
 

Table 19: 9 ft Tank Stormwater Flow of 700 E 
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Table 20: 9 ft Tank Stormwater Flow of 600 E 

 
 

Table 21: 9 ft Tank Stormwater Flow of 500 E 

 
Table 22: 9 ft Tank Stormwater Flow of 400 E 
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Figure 9: Tank Locations of 400 N 500 E 
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Figure 10: Tank Locations of 400N 300 E 
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Figure 11: Tank Locations of Center St 300E 
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Figure 12: Tank Locations E center St S 800 E through S 600 E 
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Figure 13: Tank Locations East 300 S 800 E through S 600 E 
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Figure 14: Tank Locations E center St S 500 E through S 200 E 
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Figure 15: Tank Locations East 300 S 500 E through S 200 E 


