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Section I: Executive Summary 

The objective of this project is to provide an ADA compliant trail that connects the city of Volga, 

Iowa to the Clayton County Conservation Office. The trail will closely follow the path of the 

Volga River’s banks, providing the users of the trail with views of the scenery. Outlook points 

with benches and shade will be placed periodically to allow the users to rest if needed. The trail 

will be able to accommodate multiple modes of transportation such as bicycles, motorbikes, 

UTVs, and horses. We will propose handrails and signage throughout the trail to keep the safety 

of the trail user in best interest. There will be culverts designed for the streams on both the north 

and south side of the Volga River. 

We have designed two alternative routes for the trail, one that follows the north banks of the 

river and another that follows the south banks. The trail can be constructed as paved or gravel. 

The trailhead locations of both alternatives are at the Volga Campgrounds and Clayton County 

Conservation Center. 

The north and south route are 8.07 miles and 8.34 miles in length, respectively. The trail consists 

of 6” of crushed limestone with fines that may act as a subbase or gravel path. In the future, the 

trail may be upgraded by installing 5” of P.C.C. pavement or 4” of asphalt pavement.   Handrails 

are to be installed in areas where there is a steep transverse slope to minimize accidents. The 

handrails are pressure-treated pine that will resist weathering and decay. Mile markers are placed 

throughout the trail to indicate to the users how long they have travelled. There is one outlook 

point designed near the halfway point of each alternative, which will provide shade and seating 

to the users. Due to the Volga River being prone to flooding, erosion control measures have been 

incorporated into the design of the trail. Turf reinforcement mats are to be installed in areas that 

have a high scouring potential, reducing the likelihood of the trail getting washed out. Both 

alternatives have multiple streams that the trail must cross. Therefore, culverts were designed to 

allow proper crossing. In areas where culverts were not a viable option, prefabricated bridges by 

Wheeler Bridge are recommended. The north route requires four culverts and two prefabricated 

bridges, and the South route requires two culverts and two prefabricated bridges. 

The base preliminary cost estimate is $1,256,500 for the north route and $967,500 for the south 

route. This estimate is for a gravel path with handrails, turf reinforcement mats, culverts, and 

bridges. Paving the trail with P.C.C. would add an additional cost of $293,500 to the north route 

and $305,500 to the south route. Alternatively, paving the trail with asphalt would add an 

additional cost of $150,000 to the north route and $156,000 to the south route. 

Our firm would recommend constructing the South Trail with a paved asphalt surface. The South 

Trail costs significantly less due to it being able to match the existing contours much better than 

the North Trail. We would also recommend splitting the construction into phases, initially 

starting with a gravel path and then, later, paving the surface. This will reduce the upfront costs 

and spread the total cost out. 



Section II: Organization Qualifications 

 

1. Name of Organization 

TopTier Design Engineers 

 

2. Organization Location and Contact Info 

Jack Crothers (Project Manager) 

Email: jack-crothers@uiowa.edu  

 

3. Organization and Design Team Description 

Jack Crothers is a 4th year civil engineering student at the University of Iowa with a Civil 

Practice focus area. He is the project manager and the main point of contact with the client. 

He also did the culvert designs for the streams on the north and south side of the Volga 

River. 

 

Taylor Garcia is a 4th year civil engineering student at the University of Iowa with a focus 

area in Civil Practice. She designed the bridge abutments and helped with the trail design 

in Civil 3D. 

 

Justin Thiemann is a 4th year civil engineering student at The University of Iowa with a 

focus area in management. He worked on the trail design, created the detailed drawings 

as well as the outlook points. 

 

Sarah Ritchie is a 5th year civil engineering student at the University of Iowa with a focus 

in Civil Practice. She created the cost estimations for the north and south routes for the 

trail. 

Section III: Design Services 

 

1. Project Scope 

The objective of this project is to provide an ADA compliant trail that connects the city 

of Volga, Iowa to the Clayton County Conservation Office. The trail will closely follow 

the path of the Volga River’s banks, providing the users of the trail with views of the 

scenery. An outlook point with benches and shade will be placed near the halfway point 

to allow the users to rest if needed. The trail will be able to accommodate multiple modes 

of transportation such as bicycles, motorbikes, UTVs, and horses. We will propose 

handrails and signage throughout the trail to keep the safety of the trail user in best 

interest. There will be culverts designed for the streams on both the north and south sides 

of the Volga River. 
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2. Work Plan 

 
Figure 1: Work plan 

 

Section IV: Constraints, Challenges, and Impacts 

 

1. Constraints 

The project location requires the number of possible routes to be limited due to the 

meandering of the Volga River on the north end of the trail and the private property on 

the south end. The grading of the trail must comply with ADA standards, which limits the 

routes near steep inclines. 

 

2. Challenges 

Since the location of the trail is near a river, flooding must be taken into consideration 

during the design process. Additionally, some areas around the river are wetlands, which 

require special design specifications. Steep changes in elevations will have to be 

overcome through proper route design while also attempting to minimize the cut and fill 

for the projects and abide ADA standards. There are numerous streams leading out of the 

Volga River on the north and south sides. There are some streams too wide that a culvert 

would not be sufficient, and a bridge would be necessary. The possible trailhead locations 

may rely on the reconstruction of a pedestrian bridge. On the South side of the Volga 

River, there is a property owner who may cause problems with the eventual construction 

of the trail. 

 

3. Societal Impacts within the community and/or state of Iowa 

With the addition of the trail, the Volga River would be much easier to reach for the 

community. It would promote travel between Volga and Osborne and encourage healthy 

leisure and transport opportunities. It will provide people of all ages with an attractive, 

secure, and non-expensive place to go walking, jogging, biking, or canoeing. In addition, 

the future for this trail includes connecting it to larger state trails across Iowa. 

 

  



The construction of the trail would require easements on private property. This may be 

unwelcomed by some property owners who want control over the entirety of their land. 

At certain locations of the trail, easements are located at the edge of agricultural fields, 

reducing crop yield for the affected farmers. 

 

Since much of the land used for the route is within forested areas, the removal of trees 

and other vegetation is necessary to construct the trail. This may cause slight negative 

impacts on the environment. 

 

Section V: Proffer of Alternative Solutions 

 

We designed the trail with the three following materials: PCC, asphalt, and gravel. The hard 

surfaces – PCC and asphalt pavement – is more expensive but preferable if the traffic on the trail 

is mainly those walking and riding bicycles, whereas the soft surfaces such as gravel will be less 

expensive and preferable for those riding on horseback or off-road vehicles. 

There are two completely designed trails on the north and the south side of the Volga River with 

different start/end locations. It will be up to the client to choose which trail they will desire once 

the full cost and overall attractiveness of the trail is considered.  

 

There are seven stream crossings on the north side of the Volga River and 5 stream crossings on 

the south side. At certain points along the trail, a field verification is necessary because the 

location in question may just be a drainage ditch. Where the stream crossing was too wide or the 

flow of the stream was too strong, a prefabricated bridge was recommended. A culvert was 

recommended with specific culvert dimensions for the other streams.  

 

 

Section VI: Final Design Details 

 

The design of the trail follows the standards of the Iowa DOT Design Manual, Iowa Statewide 

Urban Design and Specifications (SUDAS), the US Department of Transportation, and the ADA 

Accessibility Guidelines to ensure the safety, durability, and accessibility of the trail. The site 

plan, corridor, cross section, handrails, and mile markers were designed with Civil3D. The 

volume calculations were designed using Civil 3D. The hydrology of the streams was measured 

using Hydraflow within Civil 3D. 

 

  



North Trail Site Plan 

 
Figure 2: North Trail site plan 

 

South Trail Site Plan 

 
Figure 3: South Trail site plan 

 

  



Length, Elevation, and Design Data: 

 

Table 1: Tabulation of length, elevation, and design data 

 
 

Cross Section: 

 

The paved cross section consists of pavement, subgrade, buffers, and cut and fill. The pavement 

and subgrade are ten feet wide and have a 1.5% cross-slope sloping down towards the Volga 

river. The pavement consists of either P.C.C.  or asphalt. The thickness for the P.C.C. pavement 

is five inches and the thickness for the asphalt pavement is four inches. The subgrade consists of 

crushed limestone with fines and is six inches thick. There is a two-foot buffer past both sides of 

the edge of pavement with a –2.0% cross slope from the centerline. The cut and fill slopes have a 

max slope of 3:1. A detail of the cross-section is provided in Figure 4. 

 

 
Figure 4: Gravel and paved cross section details 

  



Handrails: 

 

Handrails are provided along steep transverse slopes on the trail to provide safety to its users. 

The material used for the handrails is pressure-treated pine to prevent weathering and decay and 

provide an economic solution to prevent accidents on the trail. The handrails are three feet in 

height and located six inches off the edge of pavement. A detail of the handrails is provided in 

Figure 5, and the handrail placement locations are provided in Table 2. 

 
Figure 5: Handrail detail 

 

Table 2: Handrail placement locations 

 
 

Mile Markers: 

 

Mile markers are placed along the trail at various points to indicate the distance travel by its 

users. The posts are six-foot long galvanized 1.12 lbs/ft U-channel signposts buried two feet in 

the ground. The signs are 6” x 6” custom aluminum sheet metal signs attach to the signpost using 

two 3/8” diameter stainless steel hex head cap screws. A detail of the mile markers is provided in 

Figure 6, and the mile marker placement locations are provided in Table 3. 



 
Figure 6: Mile marker detail 

 

Table 3: Mile marker placement locations 

 
 

Outlook Points: 

 

One outlook point was designed for each alternative route. Each outlook point is placed near the 

halfway point of its respective route and will provide shade and seating to the trail’s users. The 

design includes and 15’ x 15’ paved patio located directly off the trail’s edge of pavement 

towards the river. The patio is designed to fit Yardistry’s 11’ x 13’ Carolina Pavilion. The 

pavilion covers enough area to fit two benches and one picnic table under its roof. The detail of 

the outlook point is provided in Figure 7. 

 



 
Figure 7: Outlook point detail 

 

Total Material Volumes: 

 

The trail was designed to closely match the existing elevations of the land to minimize the total 

cut and fill volumes as well as the net cut/fill. Table 4 provides the volumes of the total cut and 

fill volumes and the total pavement and subgrade volumes required to construct each alternative. 

Table 4: Total material volumes 
Material North Trail South Trail 

Cut (cy) 15,525 19,735 

Fill (cy) 15,533 19,226 

Pavement (cy) 6,520 6,781 

Subgrade(cy) 6,114 8,137 

 

Erosion Control: 

 

Due to the Volga River’s high potential of flooding, mitigation measures are included in the 

design to protect the trail from scouring. Turf reinforcement mats are to be placed in areas along 

the trail where there is high scouring potential. The mats shall meet or exceed the specifications 

of the Low & Bonar EnkaMat 7010. The mats are designed to four feet wide and placed past 

both edges of pavement, covering the two-foot buffer and into the daylighting. The turf 

reinforcement mat placement locations are provided in Table 5. 

 

Table 5: Turf reinforcement mat placement locations 

 
 

  



North Trail Culvert Data: 

 

For each stream, we used the USGS Stream Stats to find the minimum and peak flow for each 

stream crossing. Once the flows were found, Hydraflow Express on Civil 3D was used to design 

each respective culvert. Each stream was either provided with a recommended standard culvert 

size from the “Single precast reinforced concrete box culvert standards” from the Iowa DOT 

Design Manual. Each stream is labeled with the following: station of the start/end of the culvert, 

the flood basin analyzed through USGS Stream Stats, the values used in launch express to design 

the culvert for a 2 year minimum flow and 100 year maximum flow, the plot and values of the 

culvert during a 2-year flow (minimum flow), and the number of culverts/recommended sizing. 

All the stream calculations and supporting material is displayed in Appendix A for the North 

Trail stream crossings. Table 6 below summarizes the culvert calculations for the north stream 

crossings. The streams that were too large or had too strong of flow were assigned with 

recommended prefabricated bridges from Wheeler Bridge, a bridge manufacturer located in Saint 

Paul, Minnesota. The cost provided includes the shipping of the bridges, but an outside 

contractor will need to be used for installation. The 130’ bridge would ship as two pieces 

requiring one field splice. The 200’ bridge would ship as four pieces requiring three field splices. 

A field splice is used to connect two or more truss sections into one. We would recommend the 

crane and installation equipment to enter the trail on the Clayton County Conservation Center 

end due to more room and less traffic in the area. The North Trail stream crossings had one 50-

foot prefabricated bridge and one 130-foot prefabricated bridge. At certain points along the trail, 

a field verification is necessary because the location in question may just be a drainage ditch.  

 

Table 6: Stream crossing data for North Trail 

 
*Field Verification is necessary because this may just be a drainage ditch. 



 

South Trail Culvert Data: 

 

For each stream, we used the USGS Stream Stats to find the minimum and peak flow for each 

stream crossing. Once the flows were found, Hydraflow Express on Civil 3D was used to design 

each respective culvert. Each stream was either provided with a recommended standard culvert 

size from the Single precast reinforced concrete box culvert standards from the Iowa DOT 

Design Manual. Each stream is labeled with the following: station of the start/end of the culvert, 

the flood basin analyzed through USGS Stream Stats, the values used in launch express to design 

the culvert for a 2 year minimum flow and 100 year maximum flow, the plot and values of the 

culvert during a 2-year flow (minimum flow), and the number of culverts/recommended sizing. 

All the stream calculations and supporting material is displayed in Appendix A for the South 

Trail stream crossings. Table 7 below summarizes the culvert calculations for the South stream 

crossings. The streams that were too large or had too strong of flow were assigned with 

recommended prefabricated bridges from Wheeler. The South Trail stream crossings had two 

recommended prefabricated bridges of 50 feet. At certain points along the trail, a field 

verification is necessary because the location in question may just be a drainage ditch. 

 

Table 7: Stream crossing data for South Trail 

 
*Field Verification is necessary because this may just be a drainage ditch. 

 

  



130 ft Bridge Abutment 

 

Using ACI 318-02 calculations, the dimensions of the abutment was designed. A spreadsheet 

was provided to us that contains the calculations for a retaining wall per linear foot, as seen in 

Figure 11 in Appendix C. However, we had to add the weight of the bridge and an AASHTO – 

H5 type vehicle, which is 10,000 lbs. The spreadsheet did not allow for adding additional vertical 

forces, so we had to hand calculate the extra forces effects on the abutment. We took that weight, 

converted to kip, and then divided by 10ft, which is the width of our bridge. This was done in a 

separate spreadsheet as seen in Table 13 of Appendix C. After these calculations were 

completed, the final dimensions of the abutment are shown below in Figure 9.  

 

 

 
 

Figure 9: 130 ft bridge abutment 

 

  



50 ft Bridge Abutment 

 

A similar approach was used for the 50 ft bridge abutments. We took the weight of the bridge 

plus the AASHTO – H5 vehicle and added it to the existing calculations. The new dimension 

size can be seen in Table 14 in Appendix C. Below is the dimensions of the abutment. 

 

 
Figure 10: 50 ft bridge abutment 

 

  



Section VII: Engineer’s Cost Estimate 

 

The cost estimations are split up into two parts: The trail base, and any additional items. The 

base of the trail only includes the 6-inch crushed limestone subbase and any required materials. 

The North Trail base cost estimation summary is shown in Table 8.  There is an additional 10% 

contingency cost to account for anything that was missed. Furthermore, there is a 3% 

administrative cost for any additional engineering that might be needed. The total for the base of 

the North Trail comes out to be about $1,256,500.00. Similarly, the cost estimation summary of 

South Trail base is shown in Table 9 with a total of $967,500.00. The detailed preliminary cost 

estimation for the North Trail base and South Trail base are shown in Table 15 and Table 16 in 

Appendix D respectfully.   

 

Table 8: Summary of the preliminary cost estimation for the North Trail base 

 
 

Table 9: Summary of preliminary cost estimation for the South Trail base 

 



The summary cost estimations for additional items are shown in Table 10 for the North Trail and 

in Table 11 for the South Trail. The additional items include the alternative types of pavement 

considered, mileage signs, benches, picnic tables and pavilions. The detailed cost estimations for 

the additional items for the North and South Trail are shown in tables 17 and 18 in Appendix D 

respectively. The majority of the cost estimations were determined using the Iowa DOT bid tabs 

and RSMeans data. All the prices have taken inflation into account. 

 

Table 10: Summary cost estimation for additional North Trail items 

 
 

Table 11: Summary cost estimation for additional South Trail items 

 
  



Section VIII: Proposal Attachments 

 

1. Appendix A – North Stream Crossings 

2. Appendix B – South Stream Crossings 

3. Appendix C – Bridge Abutment Design 
4. Appendix D – Detailed Cost Estimations 
5. Appendix E – Bibliography 

 



Appendix A – North Stream Crossings 
 

Table 11: Stream crossing data for North Trail 

 
*Field Verification is necessary because this may just be a drainage ditch. 

 

 

 

  



Stream #1:  

STA 58+73 to STA 59+90 

Pre Fab Bridge #1 (130 feet) 

Minimum Flow Rate (2-year): 579 ft^3/s 

Maximum Flow Rate (100-year): 4480 ft^3/s 

 



 
 

  



Stream #2: 

4 - 12 foot by 4 foot RCB culverts 

STA 134+66.50 to STA 135+14.50 

Minimum Flow Rate (2-year): 193 ft^3/s 

Maximum Flow Rate (100-year): 1690 ft^3/s 

 

 
 

 
 



 
 

Stream #3: Field Verification Necessary  

STA 134+66.50 to STA 135+14.50 

Minimum Flow Rate (2-year): 13.4 ft^3/s 

Maximum Flow Rate (100-year): 68 ft^3/s 

 
  



Stream#4: STA 195+74 to STA 196+24 

Prefab Bridge #1 

50 feet long 

Minimum Flow Rate (2-year): 185 ft^3/s 

Maximum Flow Rate (100-year): 1640 ft^3/s 

 



 
 

Stream #5: 

4 - 10 foot by 4 foot RCB culverts 

STA 244+05 to STA 244+45 

Minimum Flow Rate (2-year): 119 ft^3/s 

Maximum Flow Rate (100-year): 1150 ft^3/s 



 

 

 

 



 
 

Stream#6:  

 4 - 12 foot by 4 foot RCB culverts 

STA 281+62 to STA 282+10 

Minimum Flow Rate (2-year): 108 ft^3/s 

Maximum Flow Rate (100-year): 719 ft^3/s 

 



 

 

 
 



 

Stream #7: 

4 - 12 foot by 4 foot RCB culverts 

STA 378+25 STA 378+73 

Minimum Flow Rate (2-year): 171 ft^3/s 

Maximum Flow Rate (100-year): 1260 ft^3/s 

 



 

 

 



 

Appendix B - South Stream Crossings 

 

Table 12: Stream crossing data for South Trail 

 
*Field Verification is necessary because this may just be a drainage ditch. 

 

Stream #1: 

STA 30+95.00 to STA 31+45.00 

Pre Fab Bridge #1 

Minimum Flow Rate (2-year): 541 ft^3/s 

Maximum Flow Rate (100-year): 4040 ft^3/s 
 

 



 
 

  



Stream #2: 

3 – 10 foot by 4 RCB Culverts 

STA 101+55.00 to STA 101+85.00 

Minimum Flow Rate (2-year): 121 ft^3/s 

Maximum Flow Rate (100-year): 835 ft^3/s 

 

 
 



 
 

 



 
 

Stream #3: Hewitt Creek 

STA 153+70 to STA 154+20 

50 ft Pre Fab Bridge #1 

Minimum Flow Rate (2-year): 893 ft^3/s 

Maximum Flow Rate (100-year): 6620 ft^3/s 
 

 



 
 

  



Stream #4:  

STA 168+50 to STA 170+00 (Rough) 

Field Verification Necessary 

Minimum Flow Rate (2-year): 24.2 ft^3/s 

Maximum Flow Rate (100-year): 123 ft^3/s 

 

 
 

Stream #5: 

4 - 8 foot by 4 foot RCB culverts 

Minimum Flow Rate (2-year): 145 ft^3/s 

Maximum Flow Rate (100-year): 1080 ft^3/s 

STA 225+21.00 to STA 225+53.00 
 

 
 



 

 

 
 



 

Appendix C – Bridge Abutment Design 

 

 
Figure 11: ACI 318-02 Retaining wall spreadsheet 

 

 

  



Table 13: 130 ft bridge abutment calculation 

 
 

Table 14: 50 ft bridge abutment calculation 

 
 

 

 

  



Appendix D – Detailed Cost Estimations 

 

Table 15: Detailed cost estimation for North Trail base 

 
 

Table 16: Detailed cost estimation for South Trail base 

 
 

Table 17: Detailed cost estimation for North Trail additional items 

 



 
Table 18: Detailed cost estimation for South Trail additional items 
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