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Section I Executive Summary 

HAWK Engineering has designed nature center as requested by the Boone County Conservation 

Board. The scope of this project was to complete the preliminary design of a nature center, 

parking lot, access route, pavement, septic system, and drainage plan. This structure will be 

utilized as an educational space to learn more about the natural life in the surrounding area. The 

project location is Madrid, Iowa near the Grant’s Woods trailhead. 

The nature center was designed as a 60’x90’, two-story steel structure, with a curved wall of 

windows and balcony facing the nearby river. Three exterior finish alternatives were considered: 

a modern look consisting of many steel elements, a natural look consisting of stone and wood 

elements, and a combination of the two ideas. It was ultimately decided that the combination 

would be the best look, and that would consist of some exposed steel elements, with wood 

paneling and short stone walls around the base of the building. The final exterior design can be 

seen in figures 1.1 and 1.2 below. 

Figure 1.1: Nature Center Back View 

Figure 1.2: Nature Center Front View 



 

4 

The interior of the nature center will have many amenities, including a library, office space, 

classrooms, interactive display room, kitchen, and an animal display area. There were a few 

interior design alternatives that we considered during the design process. The first was adding a 

ramp, or an elevator and stairs. Keeping cost in mind, it was decided to install a ramp instead of 

the elevator. Another alternative we contemplated was the addition of a raptor rehabilitation 

center. It was ultimately decided to not include the raptor rehabilitation center as a part of the 

nature center design, and the space was utilized for the previously mentioned amenities. 

 

The structure of the building was determined to be steel framing with light gauge walls. All steel 

framing was designed according to the International Building Code (IBC) and American Institute 

of Steel Construction standards (AISC). The exterior wall panels will consist partially of stone 

and partially of wood. Large windows were incorporated to the entrance and balcony area to 

allow for a large amount of natural light. The exterior columns above and below the balcony are 

to be wood, while the rest of the steel columns will be inside the walls of the building. The wood 

columns were designed according to National Design Specifications for Wood Construction and 

IBC standards. Spread footings are to be placed at the base of every column, and were designed 

using IBC standards. 

 

The access route has a total length of 1410 ft. The access route was designed based on the 

requirements of Iowa DOT manual. The parking lot design and pavement design were according 

to the Iowa Statewide Urban Design and Specifications (SUDAS). The preliminary design of the 

septic system followed the guidance of Iowa Administrative Code (IAC). 

 

The site drainage uses the Rational Method from SUDAS. Based on calculation, the runoff rate 

slightly increased after construction due to the paved areas of access road, parking lot and 

building.Vegetative open channels were designed to lead the water in the ditches and parking lot 

to streams.  

 

Using data from RSMeans, the rough cost estimate for entire project is $1,820,000.00. This 

includes the cost of the building components, building appliances, siteworks, as well as 

contractor and architect fee. See table 1.1 below. 

 

Table 1.1: Cost Estimates 
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Section II Organization Qualifications and Experience 
2.1 Name of Organization 

HAWK Engineering Company. 

 

2.2 Organization Location and Contact information 

Location: Seamans Center, Iowa city, IA, 52240. 

Contact: Ruijie Wang / Project Manager 

Cell Phone: 224-704-6644 

E-mail: ruijie-wang@uiowa.edu 

 

2.3 Organization and Design Team Description 

HAWK Engineering Company was established in 2019 to undertake sustainable civil 

construction projects in the state of Iowa. HAWK Engineering is involved in construction of 

nature centers, educational buildings, and other civil engineering works related to sustainability 

in the state of Iowa. Our company is mainly founded by four people. Ruijie Wang, Han Gao, 

Logan Kirby, and Xinyu Hu. Ruijie Wang is the project manager. Ms. Wang has strong 

communication skills, and can always build good relationships with clients. Han Gao is the 

graphics editor. Ms. Gao is proficient in a variety graphic softwares, such as AutoCad, and Civil 

3D. Logan Kirby is the text editor. Mr. Kirby has excellent writing skills, and has done a very 

good job in text revisions. Xinyu Hu is the tech support. Mr. Hu is an expert of using all kinds of 

softwares related to civil engineering construction works.  

 

Section III Design Services 

3.1 Project Scope 

The proposed project consists of a sustainable nature center building, a parking lot and an 

access route located in Grants’ Woods Park. The sustainable nature center building is to 

be a split level building utilizing the natural slope of the site. It is to be environmentally 

friendly, incorporating environmentally sustainable technologies, such as solar panels. It 

will contain amenities such as offices, classrooms, interactive displays and a kitchen. 

There will also be a place to keep live animals, such as fish and reptiles, inside the nature 

center. A parking lot with 28 parking spots including 2 handicapped spots will be 

designed next to the building. An access route will connect the parking lot with a nearby 

local street. Items incorporated with the design of the nature center included but are not 

mailto:ruijie-wang@uiowa.edu
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limited to access route design, parking lot design, pavement design, drainage design, 

sustainable nature center building design, septic system design and cost estimates. 

 

3.2 Work Plan 

The actual date to start the design was February 2nd, and the end date of this project is 

May 3rd, which gave us about three months. We divided our task into seven major parts: 

access route design, nature center building design, parking lot design, drainage design, 

pavement design, septic system design, and septic system design. Figure 3.2.1 shows the 

work list while figure 3.2.2 shows the Gantt chart.  

 

  
Figure 3.2.1 Work Plan list 

 

 
 

Figure 3.2.2 Gantt Chart 
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Section IV Constraints, Challenges and Impacts 

4.1 Constraints 

The restrictions and limitations on the project include budget and time. Both of them play an 

important role in this project. 

 

Time: Time was a major constraint in this project. There almost no existing facilities in our site, 

so we needed to design some additional components associated with sustainable nature center 

building. For example, we needed to design a septic system which required extra time. However, 

the end date of this project is 5/3/2019, which only gives us 3 months to finish designing the 

project. After this date, our design team will no longer be spending time on this project.  

 

Budget: No specific budget was given for the project. However, from our understanding the 

funds are limited, that is a huge constraint for a big project like this. For example, the sustainable 

nature center building will be a split level which requires a ramp or an elevator. Since we have 

limited budget, we have to design a ramp which is much more complicated than directly putting 

an elevator. 

 

 

4.2 Challenges 

The biggest challenge of this project is the location of the building. The building is planned to be 

designed into the hillside along the Des Moines River. Thus, the building location requires a 

sturdy foundation, while it needs to be above the floodplain. The knowledge of the site 

elevations and the contours of the land should be considered during this design process. Since the 

site has no existing buildings facilities, we need to build access road to the center and parking lot 

around the center. One challenge we faced was trying to create a floor plan that included all of 

the clients requests. We had very limited experience in this process, and it required some 

research to create the floor layout and to size all of the rooms. 

The access road connects Qf Lane to the center with different elevation and soil types in the site, 

so we need to consider cut and fill, soil infiltration rate and so on. Furthermore, since the site has 

no existing drainage system, rainfall and catchment area analysis are considered in the site. 

According to the analysis result, corresponding drainage facilities should be displayed in access 

road and parking lot.  

 

 

4.3 Social Impacts 

Community: Visitors will have the opportunity to learn about nature and the local environment 

through the library, a variety of animal displays, aquarium tanks, and learning interactive areas. 

The large windows and the balcony on the upper floor will provide a great view, overlooking the 

Des Moines River. The large rooms with retractable walls can service various group of people, 

from classrooms for small learning programs to a big conference room for meetings. These new 

amenities will draw visitors from all over the state to the beautiful nature center and the scenic 

trail network. The effects on the nearby communities are limited, parking is designed to limit 
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overflow parking in the neighboring properties. The noise level will be monitored 24/7 to ensure 

the neighboring properties are not disturbed. 

  

Traffic: An increase in trial use and traffic is expected after the nature center is built. The 

parking lot and the access road are designed to handle peak tourist seasons, allowing the tourists 

to travel freely without any restrictions. Additional parking spots are available in nearby trail 

information center for those peak visiting days. 

  

Environment: After going through many design alternatives, the nature center was designed to 

minimize the environmental impact of the construction. The building itself equipped many 

sustainable technologies to reduce environmental impact. Solar panels designed to convert light 

into electricity more efficiently to cut down costs. Geothermal system was selected for the 

building to make heating and cooling more efficient and to reduce fossil fuels burning. The 

drainage system would lead the rainwater through vegetative open channels which would allow 

it to become naturally filtered before it gets transported to streams. 

  

Economy: The economic growth of Boone county is expected to accelerate due to tourist 

attractions of the nature center. The large conferences rooms and classrooms, the free public 

library, and the educational displays provide a seamless working and learning environment. 

Gaining visitors from tourist and the locals. The public kitchen and the fire pit will encourage the 

campers to continue staying close in the area, which will also help the economy. 

  

  

Public: All the new amenities that comes with the nature center are expected to gain interests 

from the public, which would improve the public perception of Boone County.   

  

 

 

Section V Alternative Solutions That Were Considered 

5.1: Site Plan Alternatives: 

Due to the special location of sustainable nature center building showed in the figure 5.1.1, there 

are two alternatives of access route along with parking lot.  
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Figure 5.1.1 Location of Sustainable Nature Center 

 

One alternative is expanding existing “High Trestle Trail Bridge Parking”, and connect it with 

nature center building with a sidewalk. Figure 5.1.2 shows the location of the sidewalk. This 

sidewalk is on top of a gully, so part of design of the sidewalk which shows as pink will be a 

bridge. Expanding the parking lot is cheaper than building a new parking lot, but building a 

sidewalk with a bridge will still cost a lot. Although this long sidewalk will provide a chance for 

hiking, it’s not convenient for handicapped access.  
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Figure 5.1.2 Site Plan Alternative 1  

 

Another alternative is build a parking lot next to the sustainable nature center building. Then 

create an access route connect the local street “Qf Ln” and the parking lot. The sustainable nature 

center building will be connected to the parking lot by a short sidewalk. Figure 5.1.3 shows the 

configuration of alternative 2. The yellow rectangle represents the parking lot, and blue line 

represents the access route. This alternative include a longer access route, but it avoids the area 

where needs to build the bridge. In addition, the parking lot is very close to the sustainable nature 

center building. It is a great advantage that people don’t have to walk a lot. 
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Figure 5.1.3 Site Plan Alternative 2 

 

Although both of the site plans have their own advantages and disadvantages, our client has 

strong preference of the second alternative. Therefore, our design will be based on the site plan 

alternative 2. 

 

5.2: Nature Center Exterior Alternatives 

Our first alternative exterior design option featured a lot of stone and brick elements, with some 

wood finishes. There would be little to no exposed steel, giving this design a more natural feel. 

Large windows would be installed in order to ample amounts of sunlight in. Trees and local 

plants would be planted around the building and walkways as well.  
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Figure 5.2.1 Nature Center Alternative 1 

 

Our second alternative design option was a very modern look. This design incorporated steel 

exterior panels with a “cubic” layout, consisting of sharp angles. There would still be some 

exposed wood, but there would be an emphasis on the steel aspects of the building. This style 

would involve larger concrete walkways, with less nature surrounding the building. 

Figure 5.2.2 Nature Center Alternative 2 
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The final design alternative was somewhere between the first two options. The exterior was to 

consist mainly of stone and wood elements with some exposed steel elements to provide a sleek, 

modern look while not seeming out of place among the surrounding nature. This was the design 

that our client decided upon. 

 

 
Figure 5.2.3 Nature Center Alternative 3 

 

 

 

Section VI Final Design Details 

6.1: Access Route Design 

According to Iowa DOT Design manual, Chapter 1C-1, the width of urban two-lane roadways 

are 12 ft per lane. There are no requirements of ditches and shoulders, but for drainage purposes, 

the widths of ditches and shoulders will be 3’ and 4’.  See drawing details from figure 8.4.1 in 

appendix 8.4. The acceptable design speed is 25 mph. The designed horizontal curve radius is 

200’, and it satisfies the minimum horizontal curve radius requirement. 6625 cubic yard sandy 

clay and loam needs to be cut to build the access route. See drawing details from figure 8.4.2 in 

appendix 8.4. 

 

6.2: Parking lot Design 

The size of parking lot is 210’ x 100’. To build the parking lot, the net fill will be 108.11 cubic 

yard. The parking lot is designed based on the guidance of  Iowa Statewide Urban Design and 

Specifications (SUDAS), Section 8B-1. To satisfy the requirement of our client, this parking lot 

is designed to have 28 parking spots that include 2 accessible spots. According to the “Trash and 

Recycling Enclosure Design Guide” of the City of Santa Barbara, the size of trash and recycling 
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enclosure will be 123’’x158’’. We did two vehicle path analyses, one for a garbage truck and one 

for a school bus. See drawing details from figure 8.4.3 and figure 8.4.4 in appendix 8.4. 

  

6.3: Hydrology Analysis 

In order to check the peak rate of runoff, rational method in Iowa Statewide Urban Design and 

Specifications design manual, Chapter 2: Stormwater, Section 2B-4: Runoff and Peak Flow is 

used to achieve this goal. After done the rainfall and catchment analysis, there are about eight 

catchment areas in our site, and each of they has 100 ft of sheet flow and different concentrated 

flow length.  

          

                  Table 6.3.1 Q(in cfs) value of different areas before and after construction 

     
      

In the table above, it shows the results of runoff rate in different areas. The soils are in group C 

before construction, and soils in some paved areas like access road, parking lot, roofs are more 

likely in soil group D after construction since soil group D has lower filtration rate. The runoff 

rate didn’t change a lot in areas like 2, 4, 7 due to the small pavement areas. The discharge of 

area 3 didn’t change because there is no facilities or constructions in that area. There are 

relatively increasing in runoff rate in areas 1, 5, 6, 8 since they have larger paved areas, and 

lower soil filtration rate, therefore, higher runoff rate.  

 

For the drainage of the access road, we plan to build ditches along the access road, on two sides. 

Based on calculation, the access road will have 56.6 cfs runoff rate, which the water will stay in 

ditches at about 0.75 ft, while the ditch has 2.5 depth. And two open channels (one to the north 

and one to the south) will be built to lead the water in ditches into the streams. The little gap in 

the open channel is due to the new road construction, which didn’t shown on the satellite map of 

Civil 3D, but shown on the Google map. The drainage of parking lot will drain from west to east 

while using an open channel to lead the runoff to the stream. We decide to use vegetative open 

channel due to the low cost, stabilization of channel body and soil bed, and inhibition of erosion 

on channel surface. We design the channel in a trapezoidal shape with 19 feet top width, 3 feet 

bottom width, and 2 feet depth. The channel has 4:1 side slope, with n value of 0.05 for vegetal 

lining. The calculation is done by the Civil3D and a table showing open channel parameters is 

created (Refer to Table 8.2.1). Runoff calculation parameter in trapezoidal channel). Considering 

the worst case of recurrence interval equal to 100 year and the highest value of Q equal to 29.39 
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cfs in area 8, we decided to use Q equal to 31.77 cfs as the criteria. The depth of water is about 

1.2 ft which is less than the design height of 2 feet, and the runoff velocity is about 2.17 ft/s. We 

plan to use Kentucky bluegrass on the two sides of the trapezoidal grass channel, which has a 

permissible velocity of 4.5 ft/s according to the table 3-3 Maximum Allowable Design Velocities 

for Vegetated Channels, Chapter 3 open channel hydraulics, Charlotte-Mecklenburg storm water 

design manual. With the grass permissible velocity of 4.5 ft/s, it should be feasible for the 

calculated runoff velocity of 3.39 ft/s. For the erosion protection, we will put gravel on the 

bottom to decrease erosion and maintenance. See drawing details of site drainage from figure 

8.4.2 in appendix 8.4. See drawing details of detention basin design profile from figure 8.4.5 in 

appendix 8.4. 

 

 6.4: Pavement Design 

For the pavement design, we had two alternatives. One is hot mixed asphalt (HMA) and another 

one is portland concrete cement (PCC). See details in appendix 8.2. Since we have limited 

budget, we decided to use asphalt pavement instead of concrete. For the access route, according 

to SUDAS Section 5F-1, the thickness of granular base is 6’’ and the thickness of subbase is 8’’. 

For the parking lot, we selected 6’’ HMA on 12’’ of prepared subgrade with 4’’ granular subbase 

from Table 8B-1.03 of SUDAS. See drawing details from figure 8.4.2 in appendix 8.4. 

 

6.5: Preliminary Septic System Design 

Based on the description of the client, we assume 2 staffs will work in the sustainable nature 

center building and 100 visitors will come. We did our preliminary septic system design by 

following the guidance of  Septic System Design Iowa Chapter 69 (IAC Chapter 69). We will 

use gravel septic system. The calculated septic tank volume is 6108 gallons. For safety 

consideration, we will use 6500 gallons HS-20 Low-Boy septic tank from Phoenix Precast 

Products. See drawing details from figure 8.4.6 in appendix 8.4. There will be 7 trenches, and 

each trench has a length of 100 ft, a width of 3 ft and a depth of 18 inches. The separation 

distance between trenches is 6 ft. The leach field length will be 100 ft, and the width will be 63 

ft. Distribution pipes will be PVC rigid plastic with inside diameter equals to 4 inches. See 

calculation details in appendix 8.2.  

 

6.6: Model Design 

The structure was the biggest challenge when designing the nature center. The goal was to 

provide a unique building, while keeping the cost of construction lower. The building was 

designed according to IBC, AISC, ACI and NDS standards. 

 

The size and appearance of the building were discussed in a meeting with our client, the Boone 

County Conservation Board. Using Revit as our modeling software, we were able to generate a 

model and work with our client to create a design that met their expectations. The exterior walls 

consist of a layer of stone/brick, and wood paneling for the rest of the exterior walls. Large 
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windows were incorporated at the balcony and by the main entrance. Appendix 8.5 shows the 

final model of the nature center.  

 

6.7: Structural Design  

Our design team determined the building framing would be composed mainly of steel, including 

steel beams and columns and light gauge framing. The main non-steel component was the 

exterior wood columns. All steel beam and column design was completed adhering to IBC and 

AISC standards. ASCE 7-16 was used to determine the building loading. Members were 

designed to have a design/capacity ratio (DCR) of between 0.85-1.05, to be conservative. Some 

beams were over designed (DCR > 1.05) in order to maintain a similar depth for ease of 

constructability. 

 

Autodesk Robot Structural Analysis was used to determine the bending and shear stresses 

experienced by the beams, girders, and columns of the nature center. We then compared these 

stresses to the allowable stresses, which were calculated using information from the AISC Steel 

Construction Manual. Beams were designed to have similar depths and were designed to allow 

for adequate space in the ceiling to allow space for mechanical and electrical elements. The 

design process included ensuring the beams exceeded flexural and shear stress requirements, 

while staying within the deflection limits stated in the IBC. 

All columns were designed for axial compression and any bending stresses caused by the wind 

loading.  

 

Foundations were designed using the applied loads found using Autodesk Robot. ACI and IBC 

standards for foundations were followed when sizing the foundations. A bearing capacity of 

1,500 psf was used in the design process, as a conservative value. They were placed at a depth of 

4’ in order to avoid frost heave, and are to have a stem of 4 feet so the steel columns aren’t 

exposed to the soil. Any reinforcing in the foundations was designed according to ACI 314-18. 

 

6.8: Floor Plan Design 

The floor plan was designed to contain all the amenities requested by the client. The top floor 

consisted of the library, a display area, information center, offices, and bathrooms. The entrance 

utilized a two door system that allows access to the bathrooms after closing hours. The interior 

doors can be locked, only allowing access to the bathrooms. The exterior doors are able to be 

locked as well. Large windows were utilized to allow for large amounts of natural light.  

 

The bottom floor contained the interactive display area for visitors, as well as a storage room, 

kitchen, bathrooms, and a large event room. The large event room will have movable divider 

walls in order to create smaller rooms for classes or meetings. When the walls are removed, it 

becomes a space for large events. The interactive display area contains a wall with aquariums 
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and display tanks built into the wall. The room behind this wall will be a small storage room that 

also allows private access to the tanks.  

 

 

 

Section VII Engineer’s Cost Estimate 

Table 7.1: Cost estimates 
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Including the building construction, site construction, contractor feed, and architect feed. The 

total cost of this project was estimated to be approximately 1.8 million dollars. Our estimates 

were done by utilizing RSmeans Cost Handbook, a standard estimation book for building and 

site constructions. The quantities of different components were first taken down and recorded. 

Then to find the component cost, the unit prices for each component were found. Finally, all 

estimates were categorized by major components and presented in the table above.  
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8.2 Calculations  

Calculations for pavement: 

● For access route: 

Calculation for AADT: 

Assume there will be 25 passenger cars go to sustainable nature center per day. Assume design 

life are 20 years. Assume truck percentage will be 1%, because there will be school bus and 

garbage truck. Therefore AADT is about 26. 

 

According to SUDAS, Section 5F-1: 

 
Figure 8.2.1: Calculation for EASL 

 

The EASL number is too small, so we selected our pavement based on the minimum EASL 

number 300,000. For Iowa soil type, CBR = 3.  

For Iowa soil type, use CBR = 3. Use 6'' subbase.  
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From SUDAS Table 5F-1.13, for rigid PCC pavement: 

 

 
Select CBR = 3, EASL = 300,000, 8'' Granular subbase, pavement thickness is 6’’.  

 

From SUDAS Table 5F-1.16, for flexible HMA pavement: 

 
Select CBR = 3, EASL = 300,000, 8'' Granular subbase, pavement thickness is 6’’.  
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● For parking lot: 

 
From SUDAS Table 8B-1.03: 

Subgrade CBR = 3, both rigid and flexible minimum pavements are 5’’ on 12’’ of prepared 

subgrade with 4’’ granular subbase. According to our site condition, 6’’ thickness flexible HMA 

pavement will be used. 

 
Calculation for septic system: 

● For septic tank: 

Based on the description of the client, we assume there will be 2 staffs work in the sustainable 

nature center building and 100 visitors will come. According to Septic System Design Iowa 

Chapter 69 (IAC Chapter 69): 

 

 
Each employee will produce 18 gallons sewage per day and each visitor will produce 20 gallons 

sewage per day. Therefore, the predicted total sewage Qin is 2x18+20x1000=2036 gallons. 

Typical retention time for a septic tank is3 days. Since the tank volume equals to retention time 
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multiplied by  total sewage, the tank volume will be 3x2036 = 6108 gallons. Rounding up, 6500 

gallons septic tank from the manufacturer will be our best choice. This tank volume is greater 

than 2 times the daily flow which satisfies the requirement from the Septic System Design Iowa 

Chapter 69. 

 

● For leach field: 

From USGS soil web survey, we found that the hydrologic soil group of our site soil was C/D.  

 
From the Iowa Storm Water Management Manual (SWMM Chapter 5, Table C5-S1-1), the 

infiltration rate for “Clay loam” is 0.09 in/hr. 

According to IAC Chapter 69: 
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For “Clay loam” and “Granular” soil, the maximum soil loading rates (Hi) is 0.45 

gallons/ft^2/day. 

The required area for leachate field is: Ai  = Qin/Hi = 4525 square ft 

 
From Table VI-4, got the linear Loading rates = 3 gallons/day/linear foot. 

The width of trench can be calculated from equation:  

The total width of each trench is 9ft. 

According to IAC Chapter 69 - 69.9(3).b): the maximum length of trench is 100 ft. Therefore, 

the length of trenches are 100 ft and the number of trenches are 7. The leach field width is 63 ft 

and leach field length is 100 ft. 

 

The layout of the septic system on site plan followed the Table I of IAC Chapter 69: 69.3(2): 

 
 

According to IAC Chapter 69 - 69.8(1).d): The minimum liquid holding depth shall be 40 inches. 

According to IAC Chapter 69 - 69.8(1).e): The maximum liquid holding depth should not exceed 

6.5 feet. Therefore, the depth of the septic tank will be 5 feet.  
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According to IAC Chapter 69 - 69.9(3).a): Soil absorption trenches shall not exceed 36 inches 

depth. A shallower trench bottom depth of 18 to 24 inches is recommended. Therefore, the depth 

of 18 inches of trenches will be selected. 

 

According to IAC Chapter 69 - 69.9(3).c): The separation distance of each trench is at least 6 ft. 

From  IAC Chapter 69 - 69.9(4).b): For gravel systems, the minimum width of trench is 24 

inches, and the maximum width of trench is 36 inches. Therefore, for our septic system, each 

trench has a width of 36 inches = 3 ft and the separation distance between trenches is 6 ft. 

 

According to IAC Chapter 69 - 69.9(4).d): Distribution pipes should be PVC rigid plastic with 

inside diameter equal to or larger than 4 inches. The perforations are at least 0.5 inch and no 

larger than 0.75 inch. The spaces between perforations are no more than 40 inches. 

 

 

 

 

 

 

 

 
Calculation for drainage and channels:                       

         

 
                                               Figure 8.2.2: Trapezoidal open channel 

 

                       Table 8.2.1.  Runoff calculation parameter in trapezoidal channel     
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● For runoff calculation: 

                 
                     Figure 8.2.3 Eight catchment areas 
According to the SUDAS, Chapter 2: Stormwater,  Section 2B-3: Time of Concentration, 

C.NRCS Velocity Method, 1. Sheet Flow, equation 2B-3.03 
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We assume 100 feet sheet flow for every catchment area. The Manning's roughness coefficient is 

from the same chapter and section above. Considering the condition before construction, we 

assume the site is range(natural) with n value equal to 0.13. 

 

         
 

For the rainfall intensity, the data was found on the National Oceanic and Atmospheric 

Administration (NOAA), Precipitation Frequency Data Server(PFDS), Iowa State, Boone 

Station,  

 



 

29 

                          Table 8.2.2: Rainfall intensity(in/hr) in Boone Station   

 
 

 

According to the SUDAS, Chapter 2: Stormwater,  Section 2B-3: Time of Concentration, 

C.NRCS Velocity Method,equation 2B-3.01 
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The equation represents the shallow concentrated flow, In the Civil 3D, the catchment area 

analysis will automatically calculated the flow length in each area. (The blue line in Figure 

8.2.3). For average velocity, according to the table  

2B-3.02, the site is assumed to be short grass prairie. So n = 0.073, V = 6.962(s)^0.5. 

 

 

 
 

The time of concentration equal to the sum of travel times of each flow segments. Based on 

SUDAS, Chapter 2: Stormwater,  Section 2B-3: Time of Concentration, C.NRCS Velocity 

Method,equation 2B-3.02, the total time should be the sum of sheet flow and shallow 

concentrated flow in each catchment area. The open channel flow is not considered in the 

situation because there is no available existing channels in the site. And the time of concentration 

remains the same before and after the construction.  

 

 
 

                          Table 8.2.3: Time of concentration in each area   
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Before construction: 

According to the SUDAS, Chapter 2: Stormwater,  Section 2B-4: Runoff and Peak Flow, 

B.Rational Method, equation 2B-4.01. 

 

 
 

 

Runoff coefficient is determined from table 2B-4.01: Runoff Coefficients for the Rational 

Method. Before construction, the site is assumed to be open space with fair condition (grass over 

50% to 75%). Runoff coefficient equal to 0.55 and 0.65 in recurrence interval of 10 and 100 

years. Rain intensity value refers to the Table 8.2.2, with assumed time in Table 8.2.3. The area 

of each catchment is determined through Civil 3D. 
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After construction: 

We still use the rational method, and assume the catchment areas remain constant so we can 

calculate the change of runoff rate in these areas. Due to the constant areas, the time of 

concentration and rainfall intensity remain the same in each area. The only variable is the runoff 

coefficient. In paved areas like access road, parking lot, or roofs, the soil is more likely to be 

hydrologic soil group D since group D has lower infiltration rate. Furthermore, the runoff 

coefficient in these areas is calculated by combining the C in paved areas and C in grass areas. 

Sample calculation of combined runoff coefficient in area 1 is shown below: 
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When recurrence interval = 10: 

C = 0.578    

i= 3.51 in/hour 

Q = CiA = 12.58 cfs 

  

recurrence interval = 100: 

C = 0.673  

i= 5.59 in/hour 

Q = CiA = 23.32 cfs 

 

 

            Table 8.2.4 Runoff Coefficient values before and after construction  
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    Table 8.2.5 Rainfall intensity(in/hr) before and after construction 

       
 

Therefore, the final result of runoff rate in eight catchment areas before and after construction is 

shown in the table below:  

 

                     Table 8.2.6 Q(in cfs) value of different areas before and after construction 

      

 

For the detention basin: 

I followed the example on the SUDAS, Chapter 2: Stormwater, 2G Detention Practices, D. 

Detention Basin Design Methods.  

 

5 year and 100 year: 

• Area 5 = 2.68 acres 

• Soil Group D 

• C = 0.45 for Q5 pre-developed condition 

• C = 0.75 after construction 

• Tc = 15 min 

• I = 4.14 in/hr 

Qa = CIA = 0.45 * 4.14 * 2.68 = 4.99 cfs 
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               Table 8.2.7 Storage volume for 5 year and 100 year 

 
 

We need use the duration of 0.5 hour since it has the largest storage volume of 11243 cubic feet, 

about 11250 cubic feet.  

 

2 year and 100 year:  

• Area 5 = 2.68 acres 

• Soil Group D 

• C = 0.45 for Q5 pre-developed condition 

• C = 0.75 after construction 

• Tc = 15 min 

• I = 3.3 in/hr 

Qa = CIA = 0.45 * 3.3 * 2.68 = 3.98 cfs 

    

 Table 8.2.8 Storage volume for 2 year and 100 year 

 
 

Based on 2 year and 100 year analysis, the highest storage volume is 13241 cubic feet. And this 

number will be used to calculate the outlet pipe size. Assume it tooks 24 hour to drain away the 

water in the basin.  

13241/(24*60*60) = 0.153 cfs 

The pipe diameter is 12 inch, and the water velocity is 0.19 feet per second.  
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                  Figure 8.2.4 detention basin 

 

In the figure shown above, the ground has a slope about 4%. The depth of the basin is 5 feet, and 

the right side has 2 feet freeboard. An outlet discharge pipe with diameter of 12 inch is design to 

drain the water slowly and constantly in 24 hours. The pipe is connect to the open channel, 

which will lead the water to the stream in the south.  

 

 

8.3 Cost Estimation Details 

For access route: 

The net cut is 6625.01 cubic yard for Sandy clay & loam. For parking lot: the net fill 108.11 

cubic yard. Access route length is 1410 ft and the width of this two lane road is 24 ft. The 

pavement area for access route is 33840 sq ft. The depth of HMA is 0.5’, so the volume for 

HMA is 16920 cubic ft. Density of asphalt is 145 pounds per cubic foot. The weight of total 

HMA for access route pavement is 1226.7 tons. 

 

For parking lot: 

The parking lot size is 210’ x 100’. Therefore, the pavement area for parking lot is 21000 cubic 

ft. The depth of HMA is 0.5’, so the volume for HMA is 10500 cubic ft. Density of asphalt is 

145 pounds per cubic foot. The weight of total HMA for parking lot pavement is 761.25 tons. 

 

For septic system: 

The length of leach field is 100 ft, and each trench has a width of 3 ft. There will be seven 

trenches in total. The depth of each trench is 18 inches. Therefore, the volume of soil that needs 

to be cut is 100 ft* 3 ft * 18/12 ft *7 = 3150 cubic feet.  

The excavation of septic tank is about 6500 gallons (869 cubic feet). Therefore, for entire septic 

system, total excavation will be 4019 cubic feet (149 cubic yard). 

The septic tank is $8790 plus delivery fee. 

Each 100 ft long PVC rigid plastic pipe with 4 inches diameter from “The Home Depot” is 

$60.72. There will be 7 pipes in total. 
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From HomeAdvisor website, the installation cost of septic tank has a typical range from $3065-

$9087. Since our septic tank is very large, we assumed the installation fee will be around 

$10,000. 

 
 

 

For open channel: 

The total volume of open channel is 22*1707.33 = 37561.26 cubic feet, about 1391.16 cubic 

yard. The total volume of detention basin is 11250 cubic feet which is 416.5 cubic yard. Unit 

price data from the IOWA DOT, OFFICE OF CONTRACTS, bid tabulations, 2019 Bid Tabs, 

2/19/19 file. 

 

According to the home advisor website, the gravel’s average cost per 100 square feet (including 

labor) is about $100. Considering the bottom width is 3 feet and the total length of channel is 

1707.33 feet, so the total area is 5121.99 square feet. 5121.99/100 *100 = $5121.99.  

 

Based on improbenet website, the average price for Kentucky bluegrass sod is about $0.5 per 

square feet. The grass is planted on both sided areas of the open channel. The side of trapezoidal 

channel is 8.246 feet. 8.246*1707.33*2*0.5 = $14078.64. 
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8.4 Design Drawings 

 

 
Figure 8.4.1: Road Assembly  
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Figure 8.4.2: Site Plan 

 

 

 

 

 

 



 

40 

 
Figure 8.4.3: Swept Analysis for Garbage Truck 
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Figure 8.4.4: Swept Analysis for School Bus 
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Figure 8.4.5: Detention Basin Design 
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Figure 8.4.6: Low-Boy Septic Tank from Phoenix Precast Products 
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Figure 8.4.7: Upper Floor Layout 
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Figure 8.4.8: Lower Floor Layout 

 

 



 

46 

 
Figure 8.4.9: Foundation Plan 
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Figure 8.4.10: First Floor Framing Plan 
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Figure 8.4.11: Roof Framing Plan 
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Figure 8.4.12: Building Elevation Views 
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8.5 Design Rendering and Models 

 

 

 

 




