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Abstract 

Development in Northwest Arkansas has increased in recent years, as the population has grown. This 

development results in more impervious areas which increases the amount of runoff during storm events. 

This project provides local design firm, Crafton Tull, with Low Impact Development (LID) methods for a 

6.82-acre subdivision in Rogers, AR, while comparing effectiveness and cost of LID methods to 

traditional stormwater management design. The goal of this project was to design an LID alternative that 

reduced runoff, improved water quality, and was cost effective. The initial step was to design a traditional 

stormwater management system that included a storm sewer and detention pond. Next, LID alternatives 

were designed and compared, and these consisted of an infiltration trench, permeable pavement, urban 

bioretention, water quality swales, and a bioretention cell. After detailed analysis and comparison the 

final design recommendation is to construct permeable pavement. The permeable pavement was the 

design alternative that had the highest profit, it adequately managed the runoff, and it also produced two 

more lots for the neighborhood. 

 

Acknowledgments 

Our team would like to thank Dr. Benjamin Runkle for his guidance throughout this project. Through 

weekly meetings and challenging questions, he helped lead us in the right direction. We would also like to 

thank Dr. Scott Osborn for his organization and guidance throughout the Senior Design course. Lastly, 

we would like to thank the team we worked with at Crafton Tull. They helped us tremendously by 

answering questions and meeting with us over the course of the design process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Table of Contents 
Introduction ................................................................................................................................... 4 

Background ............................................................................................................................... 4 

Client Profile.............................................................................................................................. 4 

Problem Statement.................................................................................................................... 4 

Site Information ........................................................................................................................ 4 

Project Goal ............................................................................................................................... 5 

Design Constraints and Objectives.......................................................................................... 5 

Generation of Alternatives ........................................................................................................... 6 

Evaluation of Alternatives ........................................................................................................ 8 

Design Decision........................................................................................................................ 10 

Detailed Engineering Analysis ................................................................................................... 10 

Economic Impacts ................................................................................................................... 10 

Environmental Impacts .......................................................................................................... 11 

Social Impacts.......................................................................................................................... 12 

Safety Concerns and Mitigation ............................................................................................ 12 

Documentation of Proposed System .......................................................................................... 13 

System Overview ..................................................................................................................... 13 

Component Details and Specifications .................................................................................. 13 

Final Recommendation ............................................................................................................... 13 

Conclusion ................................................................................................................................... 14 

References .................................................................................................................................... 15 

Appendix A- Initial Flow Calculations ..................................................................................... 17 

Appendix B- Traditional Storm Sewer Calculations and Detailed Design Drawings .......... 17 

Appendix C- Traditional Pond and Outlet Structure Calculations and Detailed Design 

Drawings ...................................................................................................................................... 18 

Appendix D-Permeable Pavement Design for LID Design I ................................................... 19 

Appendix E-LID Design II Permeable Pavement and Bioretention Cell Design 

Specifications ............................................................................................................................... 20 

 
 
 



4 
 

Introduction  

Background 

 In Northwest Arkansas, consulting firms and developers have traditionally used a storm sewer 

pipe system and either a retention or detention pond as the primary solution for stormwater management 

in residential developments. While these practices take care of stormwater runoff, they do not do much to 

improve our surrounding environment. As residential development in the Rogers, AR area increases, 

runoff from large storm events also increases. It is necessary to start implementing best management 

practices such as low impact development (LID) methods to help prevent damage caused by increased 

runoff. The implementation of LID methods can decrease the amount of runoff leaving a site while also 

improving the water quality of this runoff. 

Client Profile 

Crafton Tull is a Civil Engineering, Surveying, Architecture, Landscape Architecture, and 

Planning firm with multiple offices located in Arkansas and Oklahoma. The client for this project is the 

Crafton Tull Rogers office.  

Problem Statement 

Conventional methods use a municipal separate storm sewer system that transports the runoff 

through a pipe network either off site or to an onsite detention facility. Low impact development design 

methods can further reduce stormwater runoff by allowing it to infiltrate the soil on site, while providing 

increased sustainability in the form of improved water quality through the biological processes provided 

through increased vegetation and specific layers of LID units that filter pollutants. The client, Crafton 

Tull, is currently planning to use a conventional stormwater conveyance network with a retention pond in 

the Sky Valley Estates development. The client would like to explore low impact development features to 

manage stormwater runoff and improve water quality either in place of or alongside the conventional 

practices employed in the original plans. Crafton Tull has asked the team to design the stormwater 

infrastructure for the site using a traditional stormwater conveyance network, then redesign it using LID 

methods to analyze and compare the cost, runoff management capability and water quality impacts of the 

two proposed methods. 

Site Information 

Sky Valley Estates is located South of Shores Avenue in Rogers Arkansas. It is a 6.82-acre 

subdivision of single family homes. The site contains 20 buildable lots, averaging 9,000 square feet per 

lot. It is assumed that the watershed for this site includes only the land within the site, as the surrounding 

developments will have already taken care of their runoff needs. A soil survey conducted by the team 

through the USDA’s Web Soil Survey service revealed that the site was composed of primarily fine-
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particle soils in Hydrologic Soil Groups C, D, and C/D, meaning that soils on this site have low water 

infiltration rates. It is assumed for the purpose of calculations that the infiltration rate for the soil on this 

site is 0 in/hr to allow for conservative design practices.  

 

Figure 1. Sky Valley Estates Construction Area 

Project Goal 

The goal of this project is to provide a comparison of the runoff volume reduction and cost of 

traditional stormwater management methods versus LID methods within the same site. To achieve this 

goal three separate designs for this site’s stormwater management will be created. The first design will 

consist of a traditional stormwater conveyance network with a detention pond. The second design will 

consist of permeable pavement, and the third design will consist of permeable pavement working in series 

with the LID method chosen by the team. 

Design Constraints and Objectives 

The design constraints for this project include the standards for stormwater management set in the 

Rogers Drainage Manual, the requests of the client, and any limiting qualities of the site. The standards 

for the traditional design include: pipe flow capacity and velocity, the spread of water flowing in the 

gutter, cover constraints, etc [1]. Because the Rogers Drainage Manual does not provide specific design 

criteria on LID design, most of the design standards for this project have come from the Fayetteville 

Drainage Criteria Manual. The design criteria from the Fayetteville Drainage Criteria Manual will be 

cross checked with the Rogers Drainage Manual to ensure that city standards are met. The client has 

requested the use of permeable pavement, along with one other LID method to be determined by the 

team.  
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The main objective of this project is to produce three separate designs for this site’s stormwater 

management system, all capable of managing the difference in runoff between pre- and post-development 

flows for this site. Calculations showing the runoff flows can be found in appendix A. Two other 

objectives of this project include testing (1) whether the cost of LID method design exceeds that of 

traditional methods, and (2) increasing the profitability of the site by adding two additional buildable lots 

to both LID designs.  

Generation of Alternatives  

Based on the volume of runoff the LID features must manage, five options were evaluated: an 

infiltration trench, permeable pavement, bioretention cell, urban bioretention and a vegetated swale. To 

determine which of the LID method options were most viable for this site, data for each method was 

compiled into a weighted objectives table for comparison. While permeable pavement was required for 

this design per client request, an evaluation was still performed to determine how well the second LID 

method would work in tandem with the pavers. For the traditional design, the water quality capture 

volume, detention time and cost were calculated to determine which option was better suited to the site. A 

brief description of each alternative is provided below. 

Infiltration Trench 

The infiltration trench collects runoff from a site and filters it through multiple layers of media. 

After filtration, the water infiltrates into the native soil at the bottom of the device. This method is most 

effective when used with native soils that have a high infiltration rate. 

Bioretention Cell 

A bioretention cell is a landscape depression with multiple media layers, primarily consisting of 

an engineered soil media for filtration of the runoff. The runoff is directed to the cell by a pretreatment 

system and filters through the media layers. The treated runoff then either infiltrates the native soil or is 

conducted offsite by an underdrain system. 

Urban Bioretention 

Urban bioretention is a variation of a bioretention cell that is primarily used in urban areas and 

right of ways. Urban bioretention is essentially a bioretention cell contained in concrete-sided containers. 

Vegetated Swale 

A vegetated swale consists of linear vegetated depressions in the land that convey and treat runoff 

similarly to the bioretention cell, but with less capacity to capture and treat runoff than the bioretention 

cell. 
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Permeable Pavement 

Permeable pavement is a porous pavement placed on top of multiple media layers for filtration of 

runoff. Captured runoff is conveyed offsite through an underdrain system.  

Below is the Weighted Objectives table generated from the compiled data (Table 1). A rating 

scale was set, with 1 being the lowest score and 10 being the highest. For categories like cost and 

maintenance burden, where the lower value is more desirable, the method scored higher if it was 

considered a lower cost or maintenance burden by the Fayetteville Drainage Criteria Manual. For 

categories like volume capture capability, where the higher value is more desirable, the method scored 

higher if it was considered higher by the Fayetteville Drainage Criteria Manual. For the feasibility with 

site category, the team assigned scores for the following reasons: the infiltration trench requires a 

minimum infiltration rate of 0.5 inches per hour for implementation [2], which the site does not meet due 

to the Hydrologic Soil Groups present. As a result, it was assigned the lowest score. Urban bioretention 

could intrude on the property of residents and is generally used in urban and commercially zoned areas, 

making it less desirable for this site. Vegetated swales have a surface area to runoff captured ratio that 

was insufficient to reach the storage volumes required by the site, thus decreasing the size of each 

buildable lot upon implementation, lowering the score of this methods feasibility with the site.  

Table 1. Weighted Objectives Table of LID Methods 

Objective Infiltration 

Trench 

Bioretention 

Cell 

Urban 

Bioretention 

Water Quality 

Swales 

Permeable 

Pavement 

Volume 

Capture 

Capability 

10 10 8 8 10 

Cost 9 9 9 10 8 

Runoff 

Reduction 

Capability 

8 10 10 6 7 

Water Quality 10 10 10 10 10 

Feasibility 

with Site 
2 10 6 7 10 

Construction 9 8 9 9 8 

Maintenance 

Burden 
10 9 9 10 8 

Total score  58  66  61  60 61 

 

As the highest scoring method in the Weighted Objectives Table for LID Methods (Table 1), the 

bioretention cell was chosen to be designed along with the permeable pavement in the second LID design. 

Traditional Design Alternative 

For the traditional design, pond alternatives were generated by reviewing the Rogers Drainage 

Manual. An extended wet detention basin and an extended dry detention basin were chosen for 
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evaluation, and the water quality capture volume, detention time and cost were calculated to determine 

which option was better suited to the site. The storm sewer system is a required component for this 

design, so alternatives were not generated for this aspect of the traditional design. The storm sewer 

network is made up of inlets and pipes that ultimately flow into a pond. For the pond, two detention basin 

alternatives were chosen: extended dry and extended wet. Extended dry detention basins are typically 

used for flood control, and they must drain within 72 hours. Extended wet basins maintain a permanent 

pool of water and can be used for both aesthetics and flood control. After analysis of the extended wet and 

dry detention basin, both options met the required water quality capture volumes and the minimum 

detention times. The dry detention basin could be constructed at lower cost due to decreased excavation 

and was selected for the traditional design based on this criterion. 

Evaluation of Alternatives 

Traditional Design 

The traditional design consists of two parts: the storm sewer system, and the detention basin. The 

storm sewer system is a standard MS4 system that collects the runoff at the street and directs it through a 

pipe network to the detention basin. The detention basin temporarily stores the runoff, slowing it down 

and controlling the rate of discharge to the native stream. The storm sewer system and the detention basin 

were designed to meet all standards put forward by the Rogers drainage manual. 

The traditional storm sewer pipe network was designed using StormCAD and Civil3D. This 

system consists of 5 inlets connected by 470.92 ft of 18” reinforced concrete pipes (RCP) and 268.92 ft of 

24” RCP. Due to the pipe size change the system also contains a junction box. At the end of the network 

there is also a 24” RCP flared end section outlet structure that discharged directly into the pond. The pond 

and outlet structure were designed using the Pond Pack software and Civil3D. The pond has a top surface 

area of 14,884 ft². The outlet structure consists of a 4 ft junction box, with an orifice plate that has a 2.5-

inch water quality orifice under a 3 ft suppressed weir. The water leaves the box and flows through 73 ft 

of 18” RCP down to an 18” RCP flared end section discharging to the stream behind the site. After 

careful calculations and design, this system meets all the drainage criteria requirements. Drawings and 

calculations for the traditional design can be found in Appendix B and C. 

Low Impact Development Design I 

 LID Design I consists of permeable pavement as requested by the client. The permeable 

pavement covers the road of the development. This was deemed the best area for placement on the site 

because it is easiest to maintain, but it also catches runoff from the site. The top layer consists of Eco-City 

Lock Pavers as well as a variety of aggregate bases for runoff treatment and a high flow geotextile filter 

fabric. Underneath the system is an underdrain that directs the water to the creek on the south end of the 

site. There is approximately 24,700 ft2 of the pavers and 5210 ft of PVC pipe for the underdrain system. 
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The design of the system meets the requirements set by the Fayetteville Drainage Manual regarding 

permeable pavement. Refer to figure 2 below for a profile view of the permeable pavement. Other 

drawings and calculations of this design can be found in Appendix D. 

 

Figure 2. Permeable Pavement Profile 

Low Impact Development Design II 

LID Design II consists of two components: the permeable pavement and a bioretention cell. On 

the south end of the development, the bioretention cell will capture remaining runoff from the site not 

directed to the permeable pavement. The runoff is directed by grading through a pretreatment grass filter 

strip into the cell for treatment and transport away from the site. The Bioretention cell is composed of a 

stone sump at the bottom of the excavated area with the pipe for the underdrain system covered and 

surrounded by choker stone on top. The top of the choker stone layer and the sides of the cell will be lined 

with a high flow geotextile filter fabric. On top of the filter fabric will be a layer of sand, followed by a 

filter bed layer of engineered soil media for water treatment. A ground cover layer will then be placed on 

top of the filter bed, with vegetation planted throughout the cell as specified by Appendix B of the 

Fayetteville Drainage Criteria Manual. A ponding layer will follow the ground cover layer, which will 

allow runoff to pond as needed as it filters through the bed down into the underdrain system. Freeboard 

for the cell will be provided atop the ponding layer in the form of sloped cell sides following the 

pretreatment grass filter. This design also features a grass swale between the back two lots to carry the 

remaining runoff to the bioretention cell. Further specifications for LID Design II can be found in 

Appendix E. A layer profile of the bioretention cell can be found below in figure 3. 
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Figure 3. Bioretention Cell Profile View 

Design Decision 

 Based on the results of the analysis of cost and runoff reduction capability, LID Design I was 

selected. In LID Design I, the permeable pavement can manage runoff flows at a lower cost than that of 

the Traditional Design or LID Design II. The economic calculations were found through bid sheets 

received from our client, and the runoff reduction capabilities were modeled in the PondPack software. 

The results for these will be detailed in the following sections. 

Detailed Engineering Analysis 

Economic Impacts 

Using the permeable pavement alone was found to be advantageous for the developer. The 

permeable pavement design allows more land to be developed when compared to the traditional design 

system, permitting the client and developer to increase profits. When compared to LID Design II, the 

permeable pavement alone manages the runoff from the site at a lower cost. There is, however, an extra 

cost transferred to the homeowners due to the required maintenance costs of Low Impact Development 

methods. When compared to the traditional design, the permeable pavement creates a profit of $35,339.53 

per lot. This is almost $3,000 more profit per lot than the traditional design method. The figures below 

show the cost analysis of each design. The costs were obtained from previous bid sheets from public 

projects done in the City of Rogers that were given to the team by the client.
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Table 2. Traditional Design Cost Analysis 

 

 

Table 3. LID Design I Cost Analysis (Permeable Pavement) 

 

(LF Linear foot, SY Square yard, CY Cubic yard, EA Each, SF Square foot, STA Station-100ft) 

Table 4. LID Design II Cost Analysis (Permeable Pavement & Bioretention Cell) 

 

Environmental Impacts 

Low impact development methods capture and remove more pollutants from the subdivision’s 

runoff in comparison to traditional methods. These solutions are able to filter pollutants more due to the 

materials included in their design. More specifically, the top layer and filter layer often have the 

Item Quantity Unit Unit Cost Total Cost

18" RCP Pipe 544 LF 100.00$                     54,399.53$                 

24" RCP Pipe 269 LF 110.00$                     29,590.00$                 

24" RCP Flared End Section 1 EA 1,800.00$                  1,800.00$                   

18" RCP Flared End Section 1 EA 1,264.00$                  1,264.00$                   

4'x4' Curb Inlet 4 EA 5,600.00$                  22,400.00$                 

5'x5' Curb inlet 1 EA 6,100.00$                  6,100.00$                   

4' Curb Extension 4 EA 1,200.00$                  4,800.00$                   

8' Curb Extension 2 EA 2,400.00$                  4,800.00$                   

5' Junction Box 1 EA 6,000.00$                  6,000.00$                   

Sidewalk 1273 SY 57.00$                        72,570.23$                 

4" Compacted Base (Sidewalk) 1564 SY 12.00$                        18,768.01$                 

4' Junction Box 1 EA 4,700.00$                  4,700.00$                   

Trash Rack 1 EA 2,500.00$                  2,500.00$                   

Shaping Ditch 2 STA 250.00$                     550.00$                      

Solid Sodding 2647 SY 5.63$                          14,902.61$                 

Excavation 1938 CY 9.00$                          17,442.00$                 

2" ACHM Surface Course* 2448 SY 12.00$                        29,376.00$                 

6" Aggregate Base Course 2448 SY 15.00$                        36,720.00$                 

Compacted Subgrade 2855 SY 4.00$                          11,420.51$                 

Total Cost 340,102.89$              

Cost Per Lot 17,005.14$                

Item Unit Quantity Unit Profit Total Profit

Lot 20 EA 50,000.00$                1,000,000.00$           

Total Profit 1,000,000.00$          

Overall Profit 659,897.11$              

Profit Per Lot 32,994.86$                

Traditional Design Cost Analysis 

Item Quantity Unit Unit Cost Total Cost

No. 8 Stone Gravel 245 TON 20.00$                        4,900.00$                    

No. 57 Stone 276 TON 20.00$                        5,520.00$                    

No. 2 Stone 57 TON 19.96$                        1,137.72$                    

Eco-City Lock 24700 SF 7.00$                           172,900.00$                

4" Perforated PVC Pipe 1056 LF 2.85$                           3,009.60$                    

Sand 721 TON 17.69$                        12,745.65$                  

Geotextile Fabric 24700 SF 0.40$                           9,880.00$                    

4" Solid PVC Drainage Pipe 212 LF 2.95$                           625.40$                        

Sidewalk 889 SY 57.00$                        50,673.00$                  

4" Compacted Base (Sidewalk) 1067 SY 12.00$                        12,804.00$                  

Concrete Liner (6") 110 LF 80.00$                        8,800.00$                    

Excavation 4389 CY 9.00$                           39,501.00$                  

4" PVC 45 Degree Elbow 2 EA 2.98$                           5.96$                            

4" PVC Wye 4 EA 6.99$                           27.96$                          

Total Cost $322,530.29

Cost Per Lot $14,660.47

Item Unit Quantity Unit Profit Total Profit

Lot 22 EA 50,000.00$                 1,100,000.00$             

Total Profit 1,100,000.00$            

Overall Profit 777,469.72$               

Profit Per Lot 35,339.53$                 

Low Impact Developent Design I(Permeable Pavers) Cost Analysis

Item Quantity Unit Unit Cost Total Cost

No. 8 Stone Gravel 563 TON 20.00$                    11,260.00$                  

No. 57 Stone 276 TON 20.00$                    5,520.00$                    

No. 2 Stone 57 TON 19.96$                    1,137.72$                    

Eco-City Lock 24700 SF 7.00$                      172,900.00$               

4" Perforated PVC Pipe 1271 LF 2.85$                      3,622.35$                    

Sand 967 TON 17.69$                    17,097.39$                  

Geotextile Fabric 32483 SF 0.40$                      12,993.20$                  

6" PVC Pipe 4 LF 7.60$                      30.40$                         

PVC 4" T Connections 1 EA 15.68$                    15.68$                         

Sidewalk 889 SY 57.00$                    50,673.00$                  

4" Compacted Base (Sidewalk) 1067 SY 12.00$                    12,804.00$                  

4" to 6" PVC Adapters 1 EA 11.98$                    11.98$                         

4" Solid PVC Drainage Pipe 273 LF 2.95$                      805.35$                       

6" PVC Vented Cap 1 EA 50.00$                    50.00$                         

4" PVC 45 Degree Elbow 4 EA 2.98$                      11.92$                         

4" PVC Wye 7 EA 6.99$                      48.93$                         

Excavation 5330 CY 9.00$                      47,970.00$                  

No. 3 Stone 112 TON 40.00$                    4,480.00$                    

Cotton Burr Compost 91 CY 75.00$                    6,825.00$                    

Sandy Loam Topsoil 91 CY 30.00$                    2,730.00$                    

Native Plants(further specified in Appendix E) 1 TOTAL 75,369.00$            75,369.00$                  

Total Cost 426,355.92$               

Cost Per Lot $19,379.81

Item Unit Quantity Unit Profit Total Profit

Lot 22 EA 50,000.00$            1,100,000.00$            

Total Profit 1,100,000.00$           

Overall Profit 673,644.09$               

Profit Per Lot 30,620.19$                 

Low Impact Developent Design II(Permeable Pavers and Bioretention Cell) Cost Analysis
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capabilities to filter pollutants like phosphorous, nitrogen, heavy metals, etc. The traditional design and 

the two LID designs significantly decrease runoff, meeting the runoff flow requirements for the site post 

development by ensuring that runoff is equal to or less than that of the predevelopment site.  

Social Impacts 

The results of this project provide an opportunity for others to explore more sustainable 

techniques for stormwater runoff management through direct comparison of traditional methods to LID 

methods within the same site. The permeable pavement also looks more aesthetically pleasing, so the 

community may be drawn to buy a house on a street with this type of pavement.  

Safety Concerns and Mitigation 

With stormwater runoff there is always risk of under sizing the management facilities, causing 

possible flooding and property damage. Because of this risk, both LID designs as well as the traditional 

site design have been designed conservatively. For the traditional design, the sewer system pipes have 

been designed to only hold 80% of their full capacity per the requirements of the Rogers Drainage 

Manual, allowing for additional flow when necessary. Both the traditional and LID site designs have been 

designed to adequately manage runoff from a 100-yr, 24-hr storm to ensure the safety of the residents and 

their property. The extended dry detention basin for the traditional design and the bioretention cell for the 

LID design are designed with a foot of freeboard. The additional runoff capture mitigates the risk of 

flooding if a storm greater than the 100-yr event occurs.  

Ethics Concerns and Mitigation 

 The first canon of engineering ethics states that engineering must hold paramount the safety, 

health, and welfare of the public. It is imperative that the engineer who places their stamp of approval on 

these designs ensures that the project meets city requirements for stormwater runoff management. Doing 

this makes sure that the project does not pose a threat to the local community. The engineers involved 

must also be licensed in the field of water resource engineering or something otherwise applicable to this 

project. The engineer must also avoid any instances of conflict of interest, whether that is in the bidding, 

design, or construction process. 

Design Comments 

 During the design process we held two design reviews and one client review, and in this time 

engineers reviewed our designs to give us constructive feedback and ask questions. One question related 

to the traditional design was why four of the inlets were so close to each other in the development. The 

need for the closeness of these inlets was because of the maximum spread that is allowed by the City of 

Rogers. Whenever the inlets were moved around or spread out through design iterations, the spread would 

go over the maximum allowable measurement. The problem we had relating to the maximum spread was 
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because the watershed we delineated included the entire neighborhood. If this project was to be done 

again, the team would need to assume that some of the water runs offsite. If this assumption was made 

from the beginning the drainage areas for each inlet would be smaller and would allow for them to be 

spread out. For the detention basin, the engineers had one question about the design and one constructive 

comment. First the engineer asked about the out-flow velocity at the flared end section. The engineer 

suggested the addition of a flow dispersion device. The Rogers drainage manual provides velocity 

constraints for only discharging grass lined channels and not streambeds. If the team was to design this 

device, the aim would be to meet the grass lined channel restrictions. The constructive comment received 

was regarding the extra 0.6 ft of freeboard over the 1 ft minimum. The engineer stated that in the future,  

designs should never exceed the city’s minimum requirements because it is more expensive for the 

developer. 

Documentation of Proposed System 

System Overview 

The permeable pavement consists of layers of aggregate stone that are used to slow down and 

filter runoff. The top layer is a layer of bricks surrounded by a joint material that filters water through to 

the lower levels. The second layer is a bedding layer of stone or sand with geotextile fabric. The base 

layer consists of two different stones, followed by the filter layer. Finally, there is a geotextile fabric used 

at the bottom of the permeable pavement.  An underdrain runs under the permeable pavement to help 

convey runoff from the cell to exit at the creek on the South end of the site.  

Component Details and Specifications 

For LID Design I, the permeable pavement was designed using the methods set in place by the 

Fayetteville Drainage manual. The system consists of permeable pavement cells in place of the road that 

runs through the site. After following the Fayetteville Drainage Manual method of calculations, the 

permeable pavement meets all the drainage criteria requirements.  

The pavement used was Keystone Hardscapes’ Eco-City Lock permeable pavers. The bedding 

layer consists of ASTM stone No. 8, and the base layer consists of ASTM No. 57 stone and ASTM No. 2 

stone. The filter layer is made up of ASTM C33 coarse sand and ASTM No. 8 stone again.  Finally, 

geotextile fabric is used at the bottom of the permeable pavement (See Appendix D for Detail). An 

underdrain is required due to the soil conditions of the site, and that will be 4” Perforated PVC Pipe. 

Final Recommendation 

After analyzing the various impacts of traditional design when compared to LID methods, we 

recommend the LID Design I that contains the permeable pavement alone. The use of low impact 
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development methods in this case allows the developer to increase profitability while keeping high runoff 

and water quality standards.  

Conclusion 

Through analysis of rainfall data, soil classes, and site conditions, stormwater runoff management 

features were sized and designed to fit this site. Following the analysis, detailed design plans were created 

using both a traditional stormwater conveyance network and Low Impact Development methods. The two 

designs were then compared by cost, runoff captured, and water treatment capability to make a final 

recommendation for the site. The final recommendation to Crafton Tull is to construct LID Design I in 

this development. The permeable pavement provides approximately $3,000 of profit compared to the next 

profitable option. This design also adequately manages runoff as well as providing the developer with two 

extra buildable lots. With development increasing in Northwest Arkansas, stormwater management must 

begin incorporating alternatives like permeable pavement in order to meet the increased runoff demands. 
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Appendix A- Initial Flow Calculations 

The following data shows pre- and post-development time of concentration results. These were calculated 

using equations in the Rogers Drainage Criteria Manual.

 

Figure 4. Pre-Development Time of Concentration 

 

Figure 5. Post-Development Time of Concentration 

Following time of concentration calculations, intensity(I) values were found in Table RO-5 [1]. From 

there, flows for the site both pre- and post-development were calculated and are shown in the following 

figure.  

 

Figure 6. Flow calculations for the site pre- and post-development 

Appendix B- Traditional Storm Sewer Calculations and Detailed Design 

Drawings 

 
Figure 7. Storm sewer network plan view 

 
Figure 8. Storm sewer network plan view 
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Figure 9. Storm sewer network plan view 

Appendix C- Traditional Pond and Outlet Structure Calculations and 

Detailed Design Drawings 

Figure 10 Outlet box front with trash rack 

 
Figure 11 Outlet box front without trash rack 

 
Figure 12 Trash rack front 

 
Figure 13 Outlet box side with trash rack 
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Figure 14 Outlet box side without trash rack 

 
Figure 15 Detention Pond storage data 

 
Figure 16 Outlet box Routing data

 

Appendix D-Permeable Pavement Design for LID Design I  

 

Figure 17. Site plan of the Permeable Pavement 

 

Figure 18. Zoomed-in view of site plan showing close up of 

pavement and underdrain system
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Figure 19. Permeable Pavement and Permeable Pavement with Underdrain Detail Profile View 

 

Figure 20 Permeable pavement Underdrain routing data 

 

Figure 21 Permeable Pavement storage data

Appendix E-LID Design II Bioretention Cell Design Specifications 
 
The Permeable Pavement featured in LID Design II is designed as specified in Design I. Plant cost 

estimates are as follows. Also below are Detailed Design Drawings for LID Design II. 

 

 

 
Table 3. Native Plant Cost Analysis 

 
Figure 22. Area containing the bioretention cell, permeable 

pavement, and grass swale 
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Figure 23. Zoomed in view of bioretention cell and grass 

swale areas 

 
Figure 24. Bioretention cell underdrain design 

 
Figure 25. Bioretention cell side C layer profile 

 
Figure 26. Grass swale profile and 100-yr storm flow 

height 

 

 
Figure 27 Bioretention cell storage data 

 
Figure 28 Bioretention cell Underdrain Routing data 

 
 
 


