
 

 

  

Wasson Way 
Hydrology Report 
Environmental Team 

Allen, Garde, Shumakh, Siegrest, Quinter 



 

1 
 

 Wasson Way Hydrology Report 

Hydrology and Green Infrastructure 
Table of Contents 
List of Figures .................................................................................................................................. 4 

List of Tables ................................................................................................................................... 5 

Problem Statement ......................................................................................................................... 6 

Hamilton County Stormwater Standards ........................................................................................ 6 

Initial Stormwater Runoff ........................................................................................................... 7 

Stormwater Mitigation ............................................................................................................... 8 

Detention Ponds ..................................................................................................................... 8 

Hydrology Model ............................................................................................................................ 9 

Introduction ................................................................................................................................ 9 

Model Construction .................................................................................................................. 11 

Watershed Delineation ......................................................................................................... 11 

SCS Curve Number ................................................................................................................ 11 

SCS TR-55 Time of Concentration ......................................................................................... 14 

Runoff Hydrograph ............................................................................................................... 17 

Post-Development Considerations ....................................................................................... 17 

Green Roofs .................................................................................................................................. 18 

Introduction .............................................................................................................................. 18 

Green Roof Basics ..................................................................................................................... 18 

Standards .................................................................................................................................. 19 

Green Roof Types ...................................................................................................................... 19 



 

2 
 

 Wasson Way Hydrology Report 

EXTENSIVE ............................................................................................................................. 20 

INTENSIVE ............................................................................................................................. 20 

SEMI-INTENSIVE .................................................................................................................... 21 

Green Roof Benefits .................................................................................................................. 21 

STORMWATER MITIGATION ................................................................................................. 21 

AIR QUALITY .......................................................................................................................... 22 

COST ...................................................................................................................................... 22 

EXTENDED ROOF LIFE............................................................................................................ 22 

ENERGY ................................................................................................................................. 23 

TAX INCENTIVES .................................................................................................................... 23 

AESTHETICS ........................................................................................................................... 23 

Large Light Rail Station Hubs .................................................................................................... 23 

ENGINEER RECOMMENDATIONS FOR LARGE STATIONS ...................................................... 23 

STORM WATER MITIGATION .................................................................................................... 25 

ENERGY SAVINGS ...................................................................................................................... 26 

COST BENEFIT ANALYSIS ........................................................................................................... 28 

Small Light Rail Stop Shelters .................................................................................................... 30 

Possibility of Green Roofs on Existing Buildings along Wasson Way ....................................... 32 

Summary ................................................................................................................................... 32 

Green Bridges ................................................................................................................................ 33 

Introduction .............................................................................................................................. 33 

Background ............................................................................................................................... 37 

Summary of the Final Design .................................................................................................... 37 



 

3 
 

 Wasson Way Hydrology Report 

Design .................................................................................................................................... 37 

Unit Estimates for Green Wall Technologies ........................................................................ 38 

Water Demand Estimate....................................................................................................... 39 

Calculation for Ivy Plants ...................................................................................................... 41 

Calculations for Live Wall Sections ....................................................................................... 43 

Summary ................................................................................................................................... 45 

Hydrology Results ......................................................................................................................... 46 

Estimation ..................................................................................................................................... 50 

Estimation Sources and Assumptions ....................................................................................... 50 

Final Estimate ............................................................................................................................ 51 

Cost Comparison ....................................................................................................................... 52 

Conclusion ..................................................................................................................................... 54 

Works Cited ................................................................................................................................... 55 

Appendix 1–Green Roof Calculations ........................................................................................... 58 

Appendix 2—Green Bridge Calculations ....................................................................................... 59 

 

 

  



 

4 
 

 Wasson Way Hydrology Report 

List of Figures 
Figure 1: Concrete Vault Detention Basin (Source: Hamilton County SDS Exhibit No. 34) ............ 8 

Figure 2: Flow Chart for Selecting the Appropriate Procedures in TR-55 .................................... 10 

Figure 3: Lexington Gardens Watershed ...................................................................................... 11 

Figure 4: Watershed Soil Composition ......................................................................................... 12 

Figure 5: Curve Numbers from TR-55 Table 2-2a ......................................................................... 13 

Figure 6: Storm and Sanitary Weighted CN for Watershed 19 ..................................................... 14 

Figure 7: Average Velocities for Shallow Concentrated Flow ....................................................... 16 

Figure 8: Runoff Hydrograph for 100-year Storm on Watershed 19 ............................................ 17 

Figure 9:One Example of a Conventional Green Roof Profile (2030 Palette Blog, 2013) ............. 19 

Figure 10 - Green Roof Specifications for Green Roof Energy Calculator .................................... 26 

Figure 11 - Annual Roof Water Balance for Specified Green Roof ............................................... 26 

Figure 12 - Annual Energy Savings of a specified Green Roof System ......................................... 27 

Figure 13: PNC Logo ...................................................................................................................... 34 

Figure 14: Trellis Panel, Source: greenscreen ............................................................................... 35 

Figure 15: Cable system (Introduction to Green Walls) ............................................................... 36 

Figure 16: Water Demand and Rain Precipitation ........................................................................ 42 

Figure 17: Water demand and available runoff for different bridges .......................................... 45 

Figure 18: Lexington Gardens Hydrograph ................................................................................... 47 

Figure 19: Hyde Park Plaza Hydrograph ....................................................................................... 48 

Figure 20: Proposed Integrated Design (Source: Will Garde) ....................................................... 49 

Figure 21: Slotted drain cross section ........................................................................................... 50 

Figure 22: Cost estimation worksheet .......................................................................................... 52 

Figure 23: Alternative cost comparison ........................................................................................ 53 

  



 

5 
 

 Wasson Way Hydrology Report 

List of Tables  
Table 1 - Summary Table of Different Green Roof Types ............................................................. 21 

Table 2 - Reduced curve numbers for various green roof media depths (Indy.gov) .................... 26 

Table 3 - Cost Estimates for 3 Different Green Roof Companies ................................................. 28 

Table 4 - Cost Comparison of a LiveRoof Green Roof System vs. a Conventional Roof ............... 29 

Table 5 - Summary Table of Green Roof Recommendations ....................................................... 33 

Table 6: Total Price for Design ...................................................................................................... 38 

Table 7: Unit Prices ....................................................................................................................... 38 

Table 8: Water demand for Ivy plants based on ET⁰ .................................................................... 41 

Table 9: Plant Water Needs .......................................................................................................... 41 

Table 10: Water demand for live wall sections based on ET⁰ ...................................................... 43 

Table 11: water demand and available runoff for different bridges ............................................ 44 

Table 12: Hydrology Results for Study Areas ................................................................................ 46 

  



 

6 
 

 Wasson Way Hydrology Report 

Problem Statement 
Every time it rains, the water that is not absorbed into the ground must flow somewhere. This 

water is known as stormwater runoff or simply “runoff.” Uncontrolled runoff can cause flooding 

and hydrological disasters if left unchecked. Therefore, counties and cities utilize stormwater 

management practices to reduce the damage caused by runoff. Hamilton County has additional 

runoff issues due to its combined sewer system. In the past, cities combined storm and sanitary 

sewer systems to reduce the cost of installation. This was also before the Clean Water Act and 

the establishment of the Environmental Protection Agency (EPA). These archaic systems were 

designed to discharge into the nearby waterways when they were over capacity. These 

discharge stations were labeled Sanitary Sewer Overflows (SSOs) and Combined Sewer 

Overflows (CSOs). When these stations discharge, untreated sewage flows into creeks and 

rivers. Currently, the EPA allows CSOs three discharges per year without penalty. Hamilton 

County’s CSOs discharge over one hundred times per year. The EPA fines the Metropolitan 

Sewer District of Greater Cincinnati (MSDGC, a joint entity between Hamilton County and the 

City of Cincinnati) every time a CSO and SSO discharges. Due to the massive amount of sewage 

that is discharged untreated into Hamilton County waterways, the EPA has issued a consent 

decree that orders MSDGC to fix the current sewer system. Hence, stormwater runoff is of 

major importance in Cincinnati.  

Therefore, new development in Cincinnati must mitigate the increase in runoff caused by 

increasing impervious surface. The hydrology and green infrastructure groups sought to use 

modern engineering methods to model current runoff, predict future runoff, and analyze the 

impact of using green infrastructure (GI) as a possible solution for mitigating stormwater runoff.  

Hamilton County Stormwater Standards 
Wasson Way will need to go through Hamilton County in order to obtain platting for the 

proposed project. All development plats must address the site’s hydrology per Hamilton County 

Planning and Development Stormwater Drainage System (SDS) Rules and Regulations. If the 

requirements laid out in these regulations are not met, the project will not be platted and 
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development will be halted, unless Hamilton County grants the Wasson Way project a variance. 

SDS has a large checklist of items that are required for approval that are not directly related to 

project stormwater design, this section will focus on the procedure that may be used obtain 

drainage calculations, in order to fulfill the requirements of the SDS.  

Initial Stormwater Runoff 
Article 7 of the aforementioned code instructs the engineer to use the rational method for 

obtaining initial site runoff values in cubic feet per second. This method is to be used only for 

sites less than 200 hundred acres; if the site is larger than 200 acres, the method outlined in 

“State of Ohio Bulletin 45: Method to Obtain Peak Runoff for Drainage Areas Exceeding 200 

Acres” must be followed. The rational method is computationally simple and requires few 

engineering resources. Article 7 gives all runoff coefficients required and specifies the time of 

concentration for each development. The engineer will require the topography of the site and 

the surrounding property. Typically, site topography will be gathered during survey and CAGIS 

may be used to supplement for the topography of the surrounding area. The most efficient way 

to perform the task of identifying drainage basins and outlet points will be to use AutoCAD. At 

this point, acreage of each basin can be computed and rational method calculations may be 

performed.  

Although the rational method is quick and easy, the authors believe it is in the best interest of 

the client to create HEC-HMS model. HEC-HMS is a free hydrology program created by the Army 

Corps of Engineers. There are several reasons for this. First, it has been the experience of the 

authors that building a HEC-HMS model may have a larger initial time cost, but will significantly 

reduce future time cost when performing corrective hydraulic calculations or calculations for 

storm sewers and detention facilities. Second, a HEC-HMS model allows for multiple 

alternatives for drainage design, enabling the engineer and client to choose the most cost 

effective option. Finally, HEC-HMS is recognized as a modeling software option required for 

Basin Best Management Practices by the EPA (2004).  
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Stormwater Mitigation 
Hamilton County requires that new developments mitigate increased stormwater runoff due to 
increase in impervious cover. Pre-development stormwater runoff must be established by the 
engineer and the development design must include features which capture excess stormwater 
runoff and release it at pre-development flow rates; typically, this is achieved with a detention 
or retention pond. However, there are other methods that have been implemented.  

Detention Ponds 
The traditional approach to stormwater mitigation is to install on-site detention or retention 

ponds. Hamilton County requires detention facilities to be designed to accommodate a two 

stage discharge. The first stage discharges at pre-development peak flow rate for the 1-year 

design storm. The second stage discharges at pre-development peak flow rate for the 10-year 

design storm and must have capacity to detain the 100-year post-development runoff. Figure 3 

displays a typical concrete vault detention basin. This type of detention basin may be the best 

type of detention basin. Due to the space and varying topographical constraints of Wasson Way, 

small detention facilities will need to be installed for each catchment area. Small, buried 

concrete vaults can be hidden throughout the project segment and will most likely be cheaper 

than grading the site to drain to one point where there is a larger detention basin.  

 

Figure 1: Concrete Vault Detention Basin (Source: Hamilton County SDS Exhibit No. 34) 
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Hydrology Model 

Introduction 
Converting the rail and its surrounding areas into Wasson Way is expected to result in an 

increase of storm water runoff. Excessive runoff can be a design challenge if it exceeds the 

capacity of the current storm water management system and may yield other problems such as 

increased erosion. In order to determine which mitigation strategies may be required to 

minimize the runoff generated by the development of Wasson Way, two characteristic models 

were developed: pre-development and post-development. From these models, the amount of 

runoff can be calculated for the individual watersheds along Wasson Way given any rain event, 

the difference of both being the amount of runoff to be remediated or stored.  

The design for these models is based on the U. S. Department of Agriculture Technical Release 

55 (USDA TR-55) which details Urban Hydrology for Small Watersheds. TR-55 presents 

simplified procedures (based on the SCS method) for estimating hydrologic data such as runoff 

and peak discharge for small watersheds in urban environments (USDA 1986). Since the 

procedures outlined in TR-55 are simplified by making assumptions reasonable for urban 

environments, this method does have some limitations. These limitations, which are detailed 

specifically in Chapters 2 and 6 of the TR, do not prohibit the use of this method for analyzing 

Wasson Way runoff. 
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Figure 2: Flow Chart for Selecting the Appropriate Procedures in TR-55 
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Model Construction 
Watershed Delineation 
The first step in constructing the predevelopment model was the delineation of the watersheds 

along Wasson Way. Based on 2’ topographical contours from Cincinnati Area GIS (CAGIS), the 

watersheds indicate areas along Wasson Way where rainfall runoff will travel until reaching an 

outfall such as a storm drain. The watersheds are focused tightly on the proposed area for 

Wasson Way not only because of topographical restrictions but because the area will be the 

only portion of the larger watershed that is directly affected upon the implementation of a 

paved travel-way. For example, Figure 3 shows the delineated watershed for Lexington Gardens 

superimposed on the CAGIS topographical map in Autodesk Storm and Sanitary Analysis. 

 

Figure 3: Lexington Gardens Watershed 

SCS Curve Number  
The next step in constructing the model was to obtain soil data for each watershed to 

determine the runoff coefficient. The runoff coefficient, also known as the SCS Curve Number 

indicates the amount of runoff expected based on the typical amount of infiltration and 

abstraction for different soil types and land use. The soil data was provided by the U.S. 

Department of Agriculture Web Soil Survey in the form of interactive mapping. After defining 
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each watershed in Web Soil Survey as an Area of Interest, the composition of the area soils was 

reported by the website (as shown below).  

 

Figure 4: Watershed Soil Composition 

Most soils along Wasson Way were of urban designation, indicating relatively high runoff due 

to large amounts of paved area. This was expected for the areas West of Duck Creek since the 

rail line runs through very urban areas. According to the Soil Survey, the soils along Wasson 

Way were classified exclusively as Hydrologic Soil Groups C and D. The soil groups A, B, C, and D 

indicate potential for runoff with A being low potential and D being high potential (USDA 1986).  

Therefore, large amounts or runoff were expected based on soil types alone. To determine a 

curve number for a watershed made up of different soil types and land use, a composite 

method was required. For example, watershed 19 (denoted as West Erie and shown in Figure 4) 

had such varying characteristics. In accordance with TR-55, Storm and Sanitary Analysis utilizes 

a weighted curve number to represent the hydrological characteristics of the area. To 

determine the weighted curve number, the individual curve numbers for the area’s soils and 

land use must be calculated on a percent area basis. Considering the soil groups shown in 

Figure 4 for the West Erie watershed, the curve number for the urban land (UfAXC and UrUXC 

soils) was most closely 92, which comprised about 86.8% of the area of interest. This curve 
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number is a tabulated value and will always be provided in TR-55 Tables 2-2. An example of this 

table is shown in Figure 5. 

 

Figure 5: Curve Numbers from TR-55 Table 2-2a 

 Repeating the process for the soil groups EcE and PfD resulted in two curve numbers of 77 

based on “good, woods” and soil group D from Table 2-2c of TR-55. By weighting the average of 

these curve numbers by percentage of area, the defining curve number for the West Erie 

watershed was 90.2, the calculation of which was automatically performed within Storm and 

Sanitary Analysis once the curve numbers and areas were provided, see Figure 5. This process 

was repeated wherever necessary for the rest of the watersheds. 
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Figure 6: Storm and Sanitary Weighted CN for Watershed 19 

SCS TR-55 Time of Concentration 
The time of concentration of a watershed is the total travel time for runoff to travel from the 

hydraulically most distant point to the outfall. This value is largely dependent on the type of 

flow in the watershed as well as the physical characteristics of the watershed, such as surface 

roughness, slope, and presence of channels (USDA 1986). There were two types of flow 

expected to occur within the Wasson Way watersheds, sheet flow and shallow concentrated 

flow. Channel flow was not considered because no specifically designed channels for carrying 

runoff were implemented in the pre- and post-development models. 

Sheet Flow in a watershed is flow over planed surfaces (occurring in very shallow depths). Sheet 

flow was expected to be present along the areas of Wasson Way that had relatively small 

gradient changes at the hydraulically furthest point from the outfall. The travel time for sheet 

flow is calculated by Equation 3-3 of TR-55, which is shown below. 

𝑇𝑡 =
0.007(𝑛𝐿)0.8

(𝑃2)0.5𝑠0.4  

In this equation, n is Manning’s coefficient, L is the flow length of the sheet flow, P2 is the 2-

year, 24-hour rainfall in inches specific to the area, and s is the slope of the hydraulic grade line 

(in most cases the land slope). This equation is commonly referred to as Manning’s kinematic 

solution. 

Because sheet flow cannot occur for a travel distance greater than 300 feet before becoming 

shallow concentrated flow, the most commonly applied travel time calculations in the models 
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were based on this flow type. To determine the travel time associated with shallow 

concentrated flow in a watershed, the following equation was used: 

𝑇𝑡 =
𝐿

3600𝑉
 

In this equation, L is the hydraulic flow length and V is the average velocity of the flow. Based 

on the watershed in question, the average land slope (elevation change from the hydraulically 

furthest point to the outfall over the flow length) and whether or not the flow path is paved or 

unpaved, the average velocity was determined by the chart shown in Figure 7.  

For the case of watershed 19, only shallow concentrated flow was considered for the flow 

travel time calculation; due to the natural topography of the area, sheet flow was not expected 

to occur at any point in the watershed. With this in mind, the flow length, slope, and pavement 

characteristics were determined from the topography. After calculating a flow length of 2493 

feet over an average slope of 0.88% for an entirely unpaved flow path, the average velocity of 

the shallow concentrated flow was determined as 1.51 ft/sec. This value was automatically 

calculated by Autodesk Storm and Sanitary Analysis but confirmed by hand (refer to Figure 7). 

Once the flow length and average velocity were determined, the travel time was calculated as: 

𝑇𝑡 =
𝐿

3600𝑉
=

2493
3600 ∗ 1.51

= 0.4586 ℎ𝑜𝑢𝑟𝑠 = 27.52 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

Since there was only one flow regime for this watershed, the travel time is equal to the time of 

concentration of flow in the watershed. The time of concentration will determine the shape 

and peak discharge of the runoff hydrograph. In general, urbanization (or adding pavement) 

decreases the time of concentration resulting in higher peak discharge (USDA 1986).  
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Figure 7: Average Velocities for Shallow Concentrated Flow 
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Runoff Hydrograph 
Once the physical characteristics of the model were defined for all the watersheds, specifically 

the weighted curve number and the time of concentration, a rainstorm was applied to the 

model. The severity of the rainstorm will directly impact the amount of runoff from a 

watershed, more rain results in higher peak discharge. In this model, the 10 year and 100 year 

24-hour storm events for Hamilton County were used. The values for these storms were 

tabulated and provided in Storm and Sanitary Analysis and thus imported into the model. For 

example, the 100-year 24-hour storm for Hamilton County was tested for watershed 19 (West 

Erie). Utilizing a time increment of 6 minutes, the following hydrograph was produced. 

 

Figure 8: Runoff Hydrograph for 100-year Storm on Watershed 19 

By generating hydrographs for every watershed for multiple storms, the volume of runoff that 

currently occurs (in pre-development conditions) was recorded for further analysis. 

Post-Development Considerations 
Because the entire design for Wasson Way is not completed, the worst-case scenario (as far as 

urbanization is concerned) was addressed. By converting every watershed’s curve number to 98 

(see Figure 5 for paved streets and roads), the maximum amount of runoff generated by the 

implementation of Wasson Way was estimated. Although this approach yields a conservative 

result, it was deemed the best course of action because too much uncertainty about the project 

exists without full design plans and a survey of the land. 
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Green Roofs 

Introduction 
Green roofs are growing in popularity and are showing many benefits for the areas where they 

are implemented. They not only offer aesthetic benefits for surrounding areas, but also 

environmental benefits, health benefits, stormwater mitigation, and cost savings. These 

benefits will be discussed throughout this report, along with an analysis of green roof types, 

cost benefit analyses, and recommendations of green roofs on the large light rail station and 

small light rail shelters proposed along Wasson Way.  

Green Roof Basics 
A green roof, in simple terms, is a roof containing plants and vegetation. The vegetation used in 

green roof systems are planted in an engineered growing media specifically designed for green 

roofs, and then laid above many layers, each with its own explicit purpose, as can be seen in 

Figure 9 below. There are 2 main types of green roofs - extensive and intensive - along with a 

3rd kind known as semi-intensive that is formed by combining aspects of both the extensive and 

intensive styles. These will be discussed in more detail in the next part of this report entitled 

Green Roof Types. 

The green roof is made up of media, various layers, and the vegetation. The engineered media 

is much different than typical soil found in gardens on the ground. It must be light weight, 

effectively feed nutrients to the plants, and be designed for water retention and wind uplift. 

Media is typically made up of organic and non-organic materials, clays and aggregates but this 

varies between different green roof companies as does the number and types of layers used on 

the green roof.  
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Figure 9:One Example of a Conventional Green Roof Profile (2030 Palette Blog, 2013) 

Standards 
American Standard Testing Methods (ASTM) guidelines are still in progress for green roofs, thus, 

there are no specific green roof standards in the United States as of now (LLC). Standards used 

by companies in the U.S. were generally created by the company themselves and typically tend 

to follow the German FLL guidelines (LLC). All U.S. companies have variations when it comes to 

their green roofing methods due to this. Some systems have more layers than others, and some 

use slightly different growing media. An example of the layering that goes into green roof 

systems is shown above. While they are not all exactly the same, all green roofs have growing 

media and typically have a layer for root barrier to protect the roof and a drainage layer so that 

the water is no building up and adding to the load.  

Green Roof Types 
There are 2 main types of green roof systems – extensive and intensive - and one intermediate 

type - semi-intensive. All of these are described in more depth below and more information 
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regarding each system type can be found in summary table 1 where comparison of the different 

systems can be understood more easily. 

EXTENSIVE 
Extensive green roofs have the smallest depth of materials and are therefore the lightest of the 

green roof types. This makes them the best option for roofs with little load-bearing capacity 

and no roof traffic (Green Roof Types).  

Extensive green roof systems are typically about 3 to 5 inches deep and only contain a couple of 

plant species that are planted in about 1.6 to 4 inches of growing media (Wark). These plants 

must be small and self-sustaining in order to survive on an extensive roof since they do not 

have much room for root growth and will likely not be irrigated. The best vegetation for these 

circumstances includes mosses, sedums, succulents, and herbs (Green Roof Types). Because the 

vegetation is typically self-sustaining, little or no irrigation is required, and thus little to no 

maintenance is needed (Sopranature).   

INTENSIVE 
Intensive green roofs are very similar to traditional gardens aside from the fact they are on a 

roof instead of in the ground (Sopranature). Because of this, they can be termed ‘rooftop 

gardens’ (Wark). This green roof type is meant for buildings with a high load-bearing capacity 

and can have foot traffic.  

Intensive green roof systems are generally 7 to 24+ inches deep and, depending on the size of 

the roof and the load-bearing capacity of the building, just about anything that could be 

included in a traditional garden can be found on an intensive green roof such as benches, 

lighting and small ponds (Sopranature). There are many more options for extensive green roofs 

than extensive green roofs when it comes to vegetation. The main consideration for choosing 

vegetation is to be sure that they are plants that will work well together and be harmonious 

(Green Roof Types). Lawn, perennials, shrubs, and trees can all be utilized on intensive green 

roofs (Green Roof Types). However, these plants require permanent irrigation systems in 

intensive green roofs which leads to a great deal of maintenance when compared to extensive 

green roofs (Green Roof Types). 
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SEMI-INTENSIVE 
Semi-intensive green roofs fall between extensive and intensive green roof systems (Green 

Roof Types). Typically, semi-intensive systems aim for visual appeal using more appealing and 

larger, more visible plants than extensive green roofs tend to utilize (Sopranature). Since semi-

intensive green roofs are deeper than extensive, herbaceous perennials and shrubs can be 

planted, while tree and tall bushes are typically reserved for the intensive systems (Green Roof 

Types). 

Type 
Depth 

(in) 

Approx. Fully 
Saturated 
Loading 
(lb/ft2) 

Maintenance 
Required 

Irrigation 
Required 

Plant Communities 
Implement on 

Flat Roofs 

Implement on 
Sloped Roofs 

(<45°) 
Foot Traffic 

Extensive 3-5 10 - 30 Low 
Not always 
necessary 

Mosses, Sedums, 
Succulents, Herbs, 

some grasses 

Not ideal for 
large roofs, 

puddles may 
form 

Yes 
Only 

maintenance 

Intensive 7-24+ 35-80+ High 
Irrigation is 

required 
Grasses, herbs, 

shrubs 

Can be 
beneficial to 

allow for dam-
up irrigation 

Yes Generally yes 

Semi-
Intensive 

5-7 25-40 Varies Varies 

Grasses, herbs, 
small shrubs, 

sedums, some 
perennials 

Can be 
beneficial to 

allow for dam-
up irrigation 

Yes Varies 

Table 1 - Summary Table of Different Green Roof Types [(Green Roof Types, n.d.), (Green Roof Types, 2014), (Wark, 2003)] 

For the light rail traveling along Wasson Way, the larger stations (Xavier and Red bank Road 

area) will be able to utilize intensive green roof systems while the smaller shelters (Hyde Park, 

Rookwood, and Withrow) will need to consider the extensive system. 

Green Roof Benefits 
STORMWATER MITIGATION 
Green roofs are designed to retain and delay stormwater from entering sewers in the event of 

rain (Honigstock). It has been found that, depending on their saturation level, green roofs can 
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retain 70-90% of the precipitation that falls on them in the summer and 25-40% in the winter 

(Green Roof Benefits). This helps alleviate some of the stress that sewers undergo during peak 

storm periods (Green Roof Benefits). They not only help reduce the water contributing to sewer 

backup and overflow, but also filter the rainwater that flows through them (Honigstock).  

AIR QUALITY 
Green roofs contribute to better air quality in a couple of different ways. First, they reduce the 

heat island effect – meaning that they help keep the surrounding air cool, unlike conventional 

roofs which heat up to temperatures that are 50° – 90°F hotter than the air (Basic Information). 

This means less energy is used for air-conditioning which leads to less emissions of air 

pollutants from power plants (Basic Information).  

Green roofs also reduce air born pollutants and dust drifts that would be found on conventional 

roofs (Solar Garden Roof). They help with carbon dioxide reduction and can filter nitrous oxides 

(Green Roof Benefits).   

COST 
While the initial costs of installing green roofs are typically more costly than installing a general 

roof, the long term cost savings can very much outweigh the higher upfront cost. A study done 

at the University of Michigan compared expected costs of normal roofs with that of a green 

roof (Green Roofs). The study was investigating a 21,000 ft2 green roof and its benefits (Green 

Roofs). It found that while the initial cost of the green roof was $129,000 more ($464,000 green 

roof compared to $335,000 conventional roof), the green roof would save around $200,000 

over its lifetime (Green Roofs). A cost analysis of a LiveRoof system was done for the larger 

stations along Wasson Way and can be found in the Large Light Rail Station Hubs section of this 

report. 

EXTENDED ROOF LIFE 
Green roof systems protect roofs from climate and Ultra-Violet light damage, thus extending 

the life expectancy of the roof (Costs). Good quality roofs exposed to the elements with a life 

expectancy of 30 years can last up to 60 years if a green roof is installed properly on the roof - 

doubling the life span of the roof (Costs).  
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ENERGY 
Green roofs absorb heat and act as insulators for buildings (Green Roofs). They also cool down 

surrounding air through the evapotranspiration process (NatureTEC). Thus, energy needs for 

cooling and heating of buildings with green roofs decrease (Green Roofs). Conventional roofs 

collect a great deal of heat while green roofs are able to keep cooler requiring less air 

conditioning in the building. The National Research Council of Canada published research which 

found that an extensive green roof reduced the daily air conditioning energy needs by over 75% 

in the summer (Green Roof Benefits). Other sources have found the energy reduction to be less 

than 75% but nonetheless, the energy needs do decrease with a green roof installed. 

TAX INCENTIVES 
In some areas, there are incentives for those who install green roof systems on their homes or 

businesses. Kentucky has a system like this but Ohio, however, does not (Haggerty). Hopefully 

this will come in the future but for now there are no cost savings as far as incentives for 

installing green roofs in Ohio.  

AESTHETICS 
Green roofs contribute to creating greener and more beautiful structures. Especially in urban 

areas, green roofs can allow a new or old structure to gain beauty while also helping the 

environment and public. Roofs are wasted space if not utilized for roof decks or other purposes, 

thus, cities and urban environments can benefit by utilizing these spaces for greenery. Green 

roofs have a wide variety of benefits and will also help new structures integrate with 

communities in an environmental and natural way. 

Large Light Rail Station Hubs 
ENGINEER RECOMMENDATIONS FOR LARGE STATIONS 
GIVEN SPECIFICATIONS  

The engineering group working on the Xavier area of Wasson Way gave an estimate of a 2,000 

ft2 roofing area on the large station at Xavier, so this estimate was also used to approximate the 

roofing area on the Red Bank station at 2,000 ft2. 
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RECOMMENDED GREEN ROOF COMPANY 

After speaking with Benjamin Haggerty, a consultant at Green Streets Environmental Services, it 

was determined that the Live Roof systems would be the best option for this project. Live Roof 

uses technology that allows the green roof trays to unite after installation, thus they do not give 

a grid-like appearance like many other green roof systems (Live Roof Hybrid Green Roof System 

Brochure). The LiveRoof systems are also lighter weight due to less unnecessary layering that 

many other companies use and are less costly compared to other systems.  

GREEN ROOF SYSTEM 

The large light rail stations will have higher load-bearing capacity, thus the media depth will be 

larger for these than for the small shelters also going in along Wasson Way. It is recommended 

that a media depth of 8 in. be used for the green roof system on the large light rail stations. The 

additional live loading from the green roof can be estimated at about 65 lb/ft2, however this 

will largely depend on the type and amount of plant chosen for the green roof (System Options). 

The Live Roof systems can be retro-fitted to the customer depending on the loading availability 

and the way the customer wants the green roof to look (such as plant types, colors and sizes). 

With 8 inches of media depth, there is a large variety of plant communities that could be used. 

Typical plant communities used for a green roof of this size include succulents, perennials, 

grasses, herbs and shrubs (System Options). Live Roof has a wide variety of plants to choose 

from all contained in one pamphlet with pictures to make it easier for the customer to choose 

how they would like their roof to look. Thus, there would be many options for Wasson Way 

should Live Roof green roof systems be used.  

Table 3 in the Cost Benefit Analysis section below shows the estimated installation cost of the 

LiveRoof system compared to a conventional roof. An 8 inch deep LiveRoof system is estimated 

to cost about $38/ft2 and that includes the tray, media, plants, installation, and a slip sheet 

(Haggerty). A conventional roof has an estimated cost of $31,905 and this was calculated using 

some values that the Environmental Protection Agency gave for a 21,000 ft2 roof (Green Roofs). 

These values are shown in table 3 below where you can also find a full cost analysis of a 

LiveRoof green roof system compared to a conventional roof. 
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IRRIGATION 

Irrigation systems will be needed for the large light rail stations in order to ensure the best 

productivity of the green roofs. An estimated $6,000 will be needed to install an irrigation 

system for the large station. This was incorporated in the cost analysis of green roof systems 

done by different companies and total cost of the LiveRoof system was used to analyze the cost 

of a conventional roof compared to a green roof system on the large station hub. This data can 

be found in the energy savings section below.  

MAINTENANCE REQUIREMENTS 

Maintenance is always required for large green roofs and should also be done on small green 

roofs to ensure that they work to their optimum performance level. An 8 inch Live Roof system 

will require maintenance about 9 months of the year (Haggerty). During these 9 months, the 

green roof will need to be weeded once a month and the irrigation systems will need to be 

checked for any interferences (Haggerty). Also, since this system will be put up in Ohio, blow 

out irrigation will need to be done in the fall to ensure there is no water in the system that will 

freeze and harm the system during the winter (Haggerty).  

A conventional roof will typically cost about $0.25/ft2 annually to maintain (Vross). Green roofs 

will run a little higher for maintenance and can be estimated at about $0.30 higher in 

maintenance cost than a black roof (Green Roof Benefits and Challenges: Cost Benefit Analysis). 

Thus, Green roofs will cost about $0.55 annually to maintain. These figures are represented in 

table 3 below for a 2,000 ft2 green roof. Some sources gave higher estimates of maintenance 

costs, but all of them gave a relatively similar range when comparing the two. 

STORM WATER MITIGATION 
The results of implementing green infrastructure on storm water mitigation can be found in the 

Hydrology Results section. Curve numbers for green roofs in the stormwater model were taken 

from the curve number table for green roofs below. Water retention values were also found 

using Portland State University’s Green Roof Energy Calculator. The two figures below show the 

input values for the calculator and the outputs for the annual roof water balance. The balance 
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shows that net runoff of a conventional roof is almost 3 times as much as the green roof system 

runoff. 

 

Table 2 - Reduced curve numbers for various green roof media depths (Indy.gov) 

 

 

Figure 10 - Green Roof Specifications for Green Roof Energy Calculator (Green Roof Energy Calculator) 

 

 
Figure 11 - Annual Roof Water Balance for Specified Green Roof (Green Roof Energy Calculator) 

ENERGY SAVINGS 
Using Portland State University’s Green Roof Energy Calculator and the same inputs as shown in 

the Storm Water Management section above, the energy outputs below were given. 
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Figure 12 - Annual Energy Savings of a specified Green Roof System Compared to a Conventional Roof (Green Roof Energy Calculator) 

The calculator gave a total energy cost savings of $156.85 annually. This value was used in the 

Cost Comparison of a Green Roof System vs. a Conventional Roof over 30 Years table in the 

Cost Benefit Analysis section below to compare the savings of a green roof system and a 

conventional roof.   
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COST BENEFIT ANALYSIS 
A cost analysis of different companies’ green roof systems was done to compare the cost of 

multiple systems. After speaking with representatives of each company, a summary table was 

created and can been seen below. The cost of the system (including plants, media, installation, 

trays and layers), cost of the irrigation system, and maintenance cost were taken into 

consideration. The irrigation cost estimate came from Benjamin Haggerty of Green Streets, LLC 

while maintenance costs were estimated from values found during the research phase of this 

report that can be found in the Maintenance section above. The LiveRoof system seemed to be 

the most cost effective system for the depth of the media. Eco-Roof gave a cheaper estimate 

but it was for a less deep system. Green Streets is located in Kentucky, right across the river 

from Cincinnati and Green City Resources is located in Cincinnati. Eco-Roof is located in 

Michigan so the system cost includes the shipping cost to Cincinnati. 

 

Green Roof Cost Estimates 
Green Roof Companies 

Green-Streets (LiveRoof 
System) 

Eco-
Roof 

Green City 
Resources 

Media Depth (in) 8 4.25 9 

Green Roof System Cost 
($) 76,000 68,640 120,000 

Irrigation System Cost ($) 6,000 6,000 6,000 

Maintenance Cost               
($/year for 2000ft2 green roof) 

1,100 1,100 1,100 

Total Upfront Cost ($) 82,000 74,640 126,000 

Total Cost for One Year ($) 83,100 75,740 127,100 

Table 3 - Cost Estimates for 3 Different Green Roof Companies 

 

The LiveRoof System was chosen for the 30 year analysis comparing a green roof system and a 

conventional roof. LiveRoof was chosen due to its cost and because LiveRoof uses only the the 



 

29 
 

 Wasson Way Hydrology Report 

layers necessary for optimal performance. Other companies use multiple layers that are not 

really necessary and this adds more loading to the system as a whole.  

A typical roof can last anywhere between 10-50 years (sometimes more) depending on the type 

of roof before needing to be replaced (Contributor). Assuming a roof having a 30 year lifespan 

would be installed on the large light rail station hub, a cost analysis was done comparing it to 

installing a green roof system and the analysis can be found in the table below.  

Over 30 Years 

  LiveRoof 
System 

Conventional 
Roof 

Installation Cost ($) 82,000 31,905 

Maintenance ($) 33,000 15,000 

Replacement Cost 
($) -31,905 31,905 

Energy Savings ($) -4,705 0 

      

TOTAL 78,390 78,810 

   

Table 4 - Cost Comparison of a LiveRoof Green Roof System vs. a Conventional Roof over 30 Years 

The table above proves that installation of a green roof, while costly upfront, could break even 

or even come out ahead cost-wise compared to a conventional roof. This is largely due to the 

fact that green roofs extend a roof’s life expectancy by 2 to 3 times and energy savings also 

contribute to the long-term savings after installing a green roof.  

A green roof could be very valuable to Wasson Way if implemented on the large light rail 

stations. Green roofs would contribute to the Wasson Way project having less of an 

environmental impact by improving air quality, reducing the urban heat island effect, 

contributing to storm water mitigation, and by simply adding more green space instead of just 

adding another building to an urban area. The green roof would benefit the station by 
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contributing to cost savings via energy savings and less roof replacements needed. Tempe, 

Arizona implemented a green roof on their transportation center and it definitely adds to the 

green space in the area. It is time that Cincinnati continues with this trend and adds green roofs 

to the projects they implement for the betterment of the city and surrounding areas.   

Small Light Rail Stop Shelters 
The opportunity for green roofs on the small light rail stop shelters along Wasson Way were not 

investigated to as much depth as the large station hubs were. However, it was considered and a 

recommendation for the type of green roof system to implement on these small shelters is 

made towards the end of this section. 

Upon discussion of the light rail shelter size in Hyde Park with a member the Hyde Park Plaza 

group, it was estimated that the shelter top area would be designed to be around 200 ft2. Since 

the other two proposed stops are in similar areas – Rookwood and Withrow – it was assumed 

that they would all be similarly designed at around 200 ft2, thus, this discussion concerns those 

three stops and the possibility of green roofs on the shelters at these stops.  

Since these three stops are smaller shelters compared to the first and last stops along Wasson 

Way that are mentioned in the previous section called Large Light Rail Station Hubs, it is 

recommended that they utilize an extensive green roof system around 4 to 5 in. in depth. 

Extensive green roof systems are designed for low load-bearing capacity structures which 

makes them the perfect fit for small light rail shelters (see the Summary Table in Green Roof 

Types for loading and other information on extensive systems). While the extensive systems are 

minimum media depth, meaning that they will not retain as much storm water as an intensive 

system would, they will still contribute to storm water mitigation in a minor way and help 

collect pollution and particulate matter that would otherwise run into rivers, streams, and 

sewers. The storm water issue, however, is not the focus or selling point for installing these 

extensive green roof systems on the shelters along the Wasson Way light rail – it is instead: 

community integration.  
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These green roof systems on light rail shelters, although small, will allow for more integration of 

Wasson Way into these communities that the light rail and bike path will be running through. 

Instead of a metal shelter placed in these areas gathering stickers, gum, and whatever other 

items people tend to “vandalize” public spaces with, these green roofs will give the shelters a 

purpose and a beauty that would otherwise be missing. The community members will be able 

to appreciate the shelter entering their community because it is bringing along with it new life. 

The Hyde Park area has long been a magnate community in Cincinnati and those living in Hyde 

Park really value the way their area is viewed (Hyde Park Square). In 1896, Hyde Park was 

incorporated and those founding the area wanted Hyde Park to be a place preserving natural 

and architectural beauty (Hyde Park Square). With the high value Hyde Park citizens place on 

their community, it could be very difficult to convince them that running a light rail through 

their community as well as setting up a plain, aesthetically boring and non-natural shelter in 

their community is a good idea. But, convincing them that it would be beneficial to add a light 

rail stop shelter with a green roof would probably be less problematic. It would be much easier 

to get them to open their community to a shelter containing natural beauty and a promise of a 

positive environmental, health, and urban impacts.  

While Hyde Park is one of the more highly regarded communities in Cincinnati, both the 

Withrow and Rookwood areas are also very nice areas and would probably be more willing to 

allow a light rail shelter to go up in their communities if it were as aesthetically pleasing and 

environmentally friendly as green roof shelters would be. 

The city of Philadelphia has already recognized how beneficial it can be to add green roofs to 

even the smallest structures in urban areas as they have already incorporated a green roof on a 

bus station shelter (Green Roof Bus Shelter). This green roof shelter is right across from City 

Hall in Philadelphia and was the first step to getting citizens to recognize that green 

infrastructure is needed to maintain a sustainable city and to inspire them to consider green 

roofs for their own homes (Green Roof Bus Shelter). This concept could be applied to the City of 

Cincinnati as well if green roofs are implemented in the Wasson Way project. The green roofs 

on these small stations would be seen daily by citizens utilizing the light rail as well as those 
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who live in the areas that will contain the shelters. By being so viewable to the public, people all 

around Cincinnati could take interest in the green infrastructure and it could continue to grow 

as a trend around the city, benefiting everyone in and around Cincinnati. 

Possibility of Green Roofs on Existing Buildings along Wasson Way 
If green roof systems could be utilized by other businesses and homeowners along Wasson Way, 

the area would benefit greatly. Not only would the area surrounding Wasson Way benefit in the 

ways mentioned earlier, such as stormwater mitigation, energy savings, better air quality, but 

green roofs could also increase property values and marketability of properties in the area 

(Green Roof Benefits). While it is possible to install green roofs on existing buildings, people 

typically will not want to pay the large upfront cost unless there is an incentive. Unfortunately, 

Cincinnati does not have an incentive program for installing green roofs (Haggerty). If this were 

to change, it is possible that many homeowners and businesses along Wasson Way would 

partake in the green infrastructure available.  

Summary 
In conclusion, there are many ways the Wasson Way project could benefit by implementing 

green roofs. Stormwater mitigation, improved air quality, reduced urban heat island effect, and 

energy savings are just a few of these benefits. In areas such as Hyde Park, installing a green 

roof on a station shelter would allow for better integration of the light rail into the community 

since Hyde Park was built on valuing and preserving natural beauty.  

From the cost benefit analysis in the Cost Benefit Section of this report, it was shown that, even 

though green roofs have a higher initial cost, implementing green roofs on the large station 

hubs could allow the cost to break even or even come out ahead of a conventional roof in the 

long run.  

A summary table of the recommendations and specifications using a LiveRoof green roof 

system for each station type is shown below.  

 

 



 

33 
 

 Wasson Way Hydrology Report 

 Light Rail Stop Type Green Roofs Information/Recommendations 
(from LiveRoof) 

 Location Station/
Shelter 

Roof 
Area 
(ft2) 

Green 
Roof 
Type 

Media 
Depth (in) 

Live Load Addition - Fully 
Saturated ( lb/ft2) 

Cost of 
system 
($/ft2) 

LiveRoof 
System 

Xavier, Red Bank 
Road Area 

Large 
Station 2,000 Intensive 8 65 38 

Rookwood, Hyde 
Park, Withrow 

Small 
Shelter 200 Extensive 4 29 30 

Table 5 - Summary Table of Green Roof Recommendations and Information using a LiveRoof System for Wasson Way Green Roofs 

Green Bridges 

Introduction 
The purpose of this section is to summarize findings and design consideration for the Wasson’s 

Way Green Bridges project. The concept of the project is to use runoff from the bridges and 

adjacent areas of the Wasson Way to irrigate vegetation on the bridges. The concept of growing 

vegetation of vertical surfaces is called green walls. 

 This section is going provide estimates for various green wall technologies, provide optimum 

conceptual design based on the price estimates, and estimate potential water demand for the 

irrigation of the bridges.  

Vegetation is to be grown on the safety fence, which is required on all pedestrian bridges. 

Irrigating vegetation on the bridges in order to reduce runoff from the Wasson Way is not the 

most economical solution to reduce runoff from the property. The most traditional and 

economical way for managing extra runoff would be to use traditional water retention methods 

such as detention ponds or some other form of reservoir. However, applying green wall 

technologies to reuse captured runoff will promote green culture in the area. Changing culture 

and raising awareness of how runoff is managed is beneficial to the city. Wasson Way is located 

in the busy area of greater Cincinnati and some of the structures such as bridges are very visible. 

Having green technologies implemented on those bridges would get a lot of attention. 

Currently, city of Cincinnati is faced with the dilemma of separating storm water from the sewer. 

This project cost the city millions of dollars, and it will be an evolving problem with the growth 
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of Cincinnati. Changing the culture of runoff management will decrease a runoff in the long run. 

The best way to change the culture is to introduce it. 

There are additional benefits to green wall. Green walls purify air, reduce heat island effect in 

the urban areas, promote biodiversity, and improve esthetics of a structure. Application of 

green walls on the bridges will make Wasson Way unique, and there are marketing 

opportunities that can generate profit. 

Wasson Way has three large, visible bridges: I-71, US-50, and Red Bank. Two of those bridges 

are located on top of busy transportation arteries, and they are seen by thousands of 

commuters daily.  Figure 13 illustrates the live wall that was built to promote PNC bank.   

Currently, corporations spend large resources on trying to appear green. There is no better way 

to indicate that a company is green then to have its logo made out vegetation on a green wall. 

There is a potential to use live wall technologies on the bridges as a marketing tool that can 

generate profit.     

 There are two types of green wall green facades, and live walls.  

Green facades are systems that are designed for climbing plants and ground covering plants 

that are grown in a specific manner to cover supporting structures. Growing at the base of the 

structure it takes three to five years for the plants to reach the height of the entire structure on 

average. Some of the Ivy plants can cling almost to any surfaces covering entire surface. This ivy 

plans can also cause a problem to unsuitable surfaces causing damages and/or present 

difficulty when maintenance needs to be performed on a structure. The industry has evolved to 

Figure 13: PNC Logo 
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designing special systems that could be free standing and/or attached to already existing 

structure. There are two predominant types of green facades: Modular Trellis Panels and Cable 

and Wire-Rope Net.  

Modular Trellis Panels Systems are made of rigid, light weight, three dimensional metal panels. 

Trellis panels designed in such a way to keep plants inside of them and away from the structure. 

Figure 14 demonstrates trellis panels. To expedite vegetation coverage some companies pre-

grow ivy plants inside sections of the panels before installation. In that case panels are 

equipped with grow media at the bottom, and plants are dependent on the irrigation system to 

provide water and nutrients. Since panels are ridged they can span between structures and can 

also be used as free standing green walls. However the panels alone can be used as a safety 

fence on the bridge. 

Figure 14: Trellis Panel, Source: greenscreen 
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Cable and wire-rope can be used in combination with one another or separately depending on 

the application. Cables are designed to support faster plants with dense foliage. Wire nets are 

usually used to support slower growing plants.   Figure 15 shows a close up of a cable system.                                                                                                                

Live walls are more diverse than green facades in the design and support more diverse 

vegetation as well. Live walls are composed of pre-vegetated panels, vertical modules or special 

planted blankets. Live wall are usually fixed directly to the structure and cannot be used in 

standalone applications. Live wall panels are manufactured out of various materials: plastic, 

metal synthetic fabrics, clay and even concrete, and can sustain an array of vegetation: ferns, 

low shrubs, edible plants, flowers, ground cover, and various lush mixture. Such diversity in the 

design and vegetation makes live walls more complex than green facades and more expensive.  

One of the general concerns that is associated with live walls is picking appropriate vegetation 

for the panels. Different plants require different accommodation, and not all plants can be 

sustained in the live walls.   

The initial design consisted of applying live wall technology throughout the entire length of a 

bridge on both sides of a bride on both sides of the fence.  The interior and exterior of the 

bridge would have resembled a botanical garden, and it also could have been used for 

marketing purposes as mentioned earlier.  This bridges could be used for educational purposes, 

and reduce/eliminate human factors of being on the bicycle and seeing cars go by at 60 miles 

per hour. After inquiring unit prices for live wall systems the initial design appeared unfeasible.   

Figure 15: Cable system (Introduction to Green Walls) 



 

37 
 

 Wasson Way Hydrology Report 

Background 
The concept of growing vegetation on bridge’s safety fences while reusing runoff water has not 

been implemented before. There are no case studies that deal with implementing green wall on 

the bridges. Therefore for this report green wall case studies were reviewed.  Array of case 

studies were presented a by the Green Roofs for Healthy Cities organization in “Introduction to 

Green Walls”. 

The concept of green walls is relatively new and there is no standard that applies to green walls. 

Each green wall has to be designed specifically to the site, taking in to consideration climate, 

location, exposure and desired outcome. Methods for estimating water demand was obtained 

from “A Guide to Estimating Irrigation Water Needs of Landscape Plantings in California” by N.P. 

Matheny, J.R. Clark, and L.R. Costello, and “Simplified Irrigation Design” P. Melby. However, 

price estimates were mainly provided by the contractors and green wall designers. For all the 

sources used for green bridge’s part of the report please view references. 

Summary of the Final Design 
The final design section consists of three components (deliverables): final design, rough unit 

estimates, and water demand estimate  

Design  
Final design was derived based on following criteria: optimum price, green appearance and 

optimum marketing potential.  

After reviewing prices for different green wall technologies, the following design is proposed. 

Grow climbing plants such as Ivy directly on the safety fence for the entire length of the bridge 

where applicable. Compatible ivy plants can be planted along the fence roughly 12 inches along 

the center depending on the plant requirements. Ivy plants will create green appearance from 

the outside of the bridges looking in and will provide a transparent view from the inside looking 

out. There are a variety of Ivy plants that can be applicable in this application. On average Ivy 

will take 3-5 years to cover the full structure unless more vigorous plants are chosen.   
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The continuous soil boxes will be constructed along the fence with drip irrigation systems 

within them. Purposed soil box dimensions are one foot wide and one foot deep. That means 

that soil boxes can be narrower and sufficient water supply has to be in place for the irrigation.  

Table 6: Total Price for Design 

Bridge   TOTAL PRICE  
I 71  $         58,400  
Red Bank  $         65,200  
US-50  $         51,200  
Due to the high price of live wall technologies, live walls are proposed to be used in small 

sections along bridges for vibrant appearance and potential marketing.  For the best 

appearance, live walls have to cover the entire height of the fence. Therefore, proposed 

dimensions of the live wall sections are 10 feet high by 20 feet wide. The sections should be 

placed one per side of a bridge in the most visible places, such as on top of oncoming traffic.  

This design would be most economical, Table 6 shows rough estimates for the installation of 

green wall technologies mentioned in the proposed design for the major bridges along Wasson 

Way. The initial price of the installation of the green wall on the bridges and maintenance can 

be recovered via the marketing concept discussed in the introduction. 

Unit Estimates for Green Wall Technologies 
Table 7 demonstrates gathered estimates for live wall systems per square foot. 

Table 7: Unit Prices 

Pricing per squre foot of live wall 
 Green Living Technologies LLc. $150 
G-sky $150 
Tournesol Siteworks $120 
The reason for Tornsole Siteworks being cheaper is because they don’t heat wrap their 

irrigation systems. Two other companies suggest to heat wrap their irrigation lines, so irrigation 

in the winter would be possible. With proper plant selection irrigation in the winter time is not 

necessary.   

Green facades range widely in price for the square foot estimates. Some projects grow climbing 

plants from the ground on to the structure while others are pre-grown panels that have 
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separate media containers and more advanced irrigation systems. Pre-grown panels are 

cheaper by the factor of two comparing to live walls, according to the specialist from G-Sky ($75 

per sq. ft). However, based on case studies green walls that are grown from the ground on to 

the structure are the cheapest options. For example, Pritzker Family Children's Zoo at Lincoln 

Park Zoo in Chicago, Illinois used cable technology to cover 4,000 sq. ft. for $7800 (this price 

only included the purchase and installation of cables).  

One of the cheapest options for the green bridges project is to grow climbing plants directly on 

the safety fence, which are grown out of soil containers located underneath the fence with 

irrigation. Rough estimates for this project was obtained from the Hyde Park Landscape & Tree 

company for 20,000 per 500 linear feet, which breaks down to $40 per linear foot or 4 per sq. ft 

of fence.     

Water Demand Estimate 
To make sure that the collected runoff would be enough to support proposed vegetation, water 

demand was estimated. Estimation was preformed based on the Evapotransporation (ETo ) rate. 

The evapotranspiration rate is often used to indicate the total loss due to evaporation and 

transpiration. The actual evatranspiration is assumed to equal potential evaporation when 

water is abundant.  

One of the methods that was used in water demand estimation was taken from the University 

of California’s web site http://ucanr.edu/sites/scmg/Drip_Irrigation/# . This method estimates 

irrigation rates based on ETo and other parameters. Parameters include:  

• Crop coefficient – percentage of reference ETo needed for plant to survive ranging from 

0.1 to 0.9 

o Very low < 0.1 (10% of ETo) 

o Low 0.1 - 0.3 (10-30%) 

o Moderate 0.4 - 0.6 (40-60%) 

o High 0.7 - 0.9 (70-90%) 

 

http://ucanr.edu/sites/scmg/Drip_Irrigation/


 

40 
 

 Wasson Way Hydrology Report 

• Planting Density – factor ranging from 0.5 to 1.3  

o Low—sparse 0.5 - 0.9  

o Average—moderate coverage 1.0 

o High--complete coverage 1.1 - 1.3 

 

• Exposure Factor -The microclimate or exposure factor ranges from 0.5 to 1.4, and is 

divided into three categories: Average is open field, low-moderate wind, part sun. 

Higher winds and greater exposure take a higher factor, and a protected, shady location 

would use a lower factor. 

o Low 0.5 - 0.9 

o Average 1.0 

o High 1.1 - 1.4 

 

The formula is: 
ETo x crop coeff.x density x exposure factor x planted area

Irrigation efficiency
 x .623 

 
0.623 converts from inches of rain per square feet to gallons of water, the area is in square feet, 

and irrigation coefficient for drip irrigation is .9.  

This formula will provide a range of water quantity per unit area needed to sustain vegetation. 

In order to use this this formula, the following assumptions were made:  

o ETo equals total evaporation, which was gathered by ODNR from two evaporation 

stations in the area. Total evaporation rate will produce over estimate of the actual ETo 

because latent heat of the soil will not be taken it to consideration. And evaporation 

stations also known as evaporation stations produce higher evaporation rates than 

actual evaporation rate Free water surface evaporation for Ohio is usually considered to 

range from 73 to 77 percent of the average pan evaporation  

o Irrigation will be via drip irrigation system, which has irrigation efficiency 0.9. 
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Calculation for Ivy Plants 
For the Ivy water calculations two values for crop coefficient were checked 0.2 and 0.8. 

According to the center for landscape & Urban Horticulture at the University of California, 

widely used shrubs and ground covers perform fine when watered within 20% to 80% of ETo. 

Those two values will produce a range of water needed to support a variety of Ivy plants.  

To estimate the water demand for Ivy plants, the following assumptions were made: 

o Planting Density is average (1) 

o Exposure Factor is average (1) 

Table 8 displays monthly averages for water demand for ivy plants growing vertically on a fence. 

The water demand in Table one calculated for warm months of the year (April to October). The 

pen evaporation gauging is not practical in colder months due to the freezing of water.  

Table 8: Water demand for Ivy plants based on ET⁰ 

1.00 4.00 5.00 6.00 7.00 8.00 

 

Average  
pen 

evap. 
(in) 

 
Gallons 0.2 Eto 

for  
500 sq. ft. 

Gallons 0.8 Eto 
for  

500 sq.ft. 

Gallons 0.2 Eto 
for  

1 sq. ft 

Gallons 0.8 Eto 
for  

1 sq. ft 

Apr 4.52 312.88 1251.54 0.63 2.50 
may 5.83 403.22 1612.88 0.81 3.23 
Jun 6.89 476.60 1906.38 0.95 3.81 
Jul 6.85 473.83 1895.30 0.95 3.79 

Aug 6.10 422.26 1689.02 0.84 3.38 
Sep 4.15 287.27 1149.09 0.57 2.30 
Oct 2.93 202.82 811.28 0.41 1.62 
Max  476.60 1906.38 0.95 3.81 
To validate the calculated range of water demands, separate calculations were performed 

based on the coefficients provided in the “Simplified Irrigation Design” by Peter Melby, page 

178. See Table 8 for water demand estimation based on “Simplified Irrigation Design Method”. 

Table 9: Plant Water Needs 

 Area 500 ft^2 
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Plant Water 

Need low 
Plant Water 

Need Moderate 
Plant Water 
Need High 

Gal/day 40 65 95 
Gal/Month 1200 1950 2850 

 Area 1 ft^2 
Gal/Month 2.4 3.9 5.7 
Peter Melby provides coefficients based on the plant diameter, plant water need, and rough 

geographic location. Geographic location includes twelve states; therefore this estimate is not 

going to be as accurate as the estimate based on ETo. Purposed Ivy plants are going to be low 

to moderate water needed, and on average they will be one foot in width. Table 2 summarizes 

the results based on Melby coefficients.  

Figure 16 demonstrates water demand ranges based on two estimates and actual historical 

precipitation in Cincinnati.

 

Figure 16: Water Demand and Rain Precipitation 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

0 1 2 3 4 5 6 7 8

Ga
l/f

t^
2 

Month April - November 

Water Demand and Rain Precipitation 

Gallons 0.2 Eto for
1 sq. ft

Gallons 0.8 Eto for
1 sq. ft

Rain
Gal/ft^2

Simplified
Iregation
Coeficient
Low Demand

Simplified
Iregation
Coeficient
Moderate Demand



 

43 
 

 Wasson Way Hydrology Report 

According to Figure 16, the Simplified Irrigation Coefficient (moderated water demand) 

produced results that are close to water demands estimated for plants with 0.8 ETo coefficient. 

This indicates that ETo based estimate is within the ball park. 

Historical rain data indicates that monthly average precipitation is sufficient to sustain plants 

with low ETo coefficients if the soil surface area is large enough (1 foot width will be sufficient). 

At the same time, dry spells are not uncommon for the Cincinnati area. Therefore irrigation 

options have to be provided for redundancy.    

Calculations for Live Wall Sections 
Similarly to the Ivy calculations, two values for crop coefficients were checked 0.2 and 0.8. 

According to the case study done for Living Wall at the Aquaquest Learning Centre, Vancouver 

Aquarium, small shrubs and wild flowers would be the best plants for this application. Small 

shrubs and some wild flowers can be exposed to cold winters and gust winds that the bridges 

are accustomed to.  According to the Center for Landscape & Urban Horticulture at the 

University of California, widely used shrubs and ground covers perform fine when watered 

within 20% to 80% of ETo. Those two values will produce a range of water needed to support a 

variety of shrubs that live wall panels can support.  

To estimate the water demand for Iive wall, the following assumptions were made: 

o Planting Density is high (1.4) because the shrubs will be planted close together. 

o Exposure Factor is average because panels are going to be on both sides of the bridge, 

and one side will compensate for over exposure on another side. 

Similarly to Ivy calculations Table 10 shows monthly averages for water demand for live wall 

sections on the side of the fence.  

Table 10: Water demand for live wall sections based on ET⁰ 

1.00 4.00 5.00 6.00 7.00 8.00 

 

Average  
pen 

evap. 
(in) 

Gallons 0.2Eto 
for  

200 sq. ft. 

Gallons 0.8Eto 
for  

200 sq. ft. 

Gallons 0.2Eto 
for  

1 sq. ft. 

Gallons 0.8Eto 
for  

1 sq. ft. 
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Apr 4.52 175.22 700.86 0.88 3.50 
may 5.83 225.80 903.21 1.13 4.52 
Jun 6.89 266.89 1067.57 1.33 5.34 
Jul 6.85 265.34 1061.37 1.33 5.31 

Aug 6.10 236.46 945.85 1.18 4.73 
Sep 4.15 160.87 643.49 0.80 3.22 
Oct 2.93 113.58 454.32 0.57 2.27 
Max  266.89 1067.57 1.33 5.34 
 

Table 11 shows water demands for each bridge according to the proposed design and available 
runoff at site. Available runoff was estimated based on the average monthly precipitation. 

 
Table 11: water demand and available runoff for different bridges 

Month Runoff 
Gallons 

Demand 
Total  

Gallons 

Demand 
vs. 

Runoff 
Available 

(%) 

Runoff 
Gallons 

Demand 
Total  

Gallons 

Demand 
vs. 

Runoff 
Available 

(%) 

Runoff 
Gallons 

Demand 
Total  

Gallons 

Demand 
vs. 

Runoff 
Available 

(%) 

 I-71 Bridge Red Bank Bridge US-50 Bridge 
April 138447 2303 2% 35757 3154 9% 20226 1402 7% 
May 163520 2968 2% 42233 4064 10% 23889 1806 8% 
June 134813 3508 3% 34819 4804 14% 19695 2135 11% 
July 118098 3487 3% 30502 4776 16% 17253 2123 12% 

August 125729 3108 2% 32473 4256 13% 18368 1892 10% 
September 110467 2114 2% 28531 2896 10% 16138 1287 8% 

October 101746 1493 1% 26278 2044 8% 14864 909 6% 
Runoff from each area can provide sufficient irrigation to support the proposed design. 

Figure 17 provides visual interpretations of Table 11. 
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Figure 17: Water demand and available runoff for different bridges 

Summary 
In the conceptual design, live wall was supposed to be continuous on both sides of the fence 

and on each side of the bridge. Each section of live wall on a bridge can be designed to 

resemble a logo of companies for marketing purposes as mentioned earlier. After acquiring 

different unit prices for the live wall technologies the idea became infeasible. The initial design 

on the I-71 Bridge would have been over a million dollars. The initial design would satisfy the 

social need to introduce green culture in the area, but spending that much money on green 

appearance goes against concept of sustainability because it would not mitigate that much 

runoff in the first place. To come with one million dollars to cover a bridge in vegetation would 

be extremely tough and unlikely. Therefore a new design had to be developed. 

Overall, implementing green infrastructure on the Wasson’s way bridges will improve 

aesthetics, promote biodiversity, and reduce the heat island effect. The amount of water 

needed to irrigate the vegetation on the bridges is small comparing to average monthly runoff 

available in the area. Therefore, there will be enough water available for the irrigation. Main 

barriers to implementation is the finances for the green walls on the bridges and proper water 

detention infrastructure by the bridges of interest. However, optimum cost design and 

marketing potential shall of set the cost and potentially generate profit.  
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Hydrology Results 
Due to the size of Wasson Way and the amount of data generated from the hydrology model, 

the environmental team chose to analyze the results of two areas along Wasson Way: 

Lexington Gardens and Hyde Park Plaza. The full results for each watershed comparison can be 

found in the portfolio in the Results spreadsheet.  

Table 12 contains the major results generated from the hydrology model. It clearly displays how 

green infrastructure can be implemented to mitigate or even improve stormwater runoff. For 

Lexington Gardens, covering 50% of the area with rain gardens or vegetation would result in a 

reduction in runoff volume below the current runoff volume. Therefore, mitigation would not 

be required. Implementing green infrastructure for Hyde Park Plaza is a viable solution and 

would not require a large amount of rain gardens compared to Lexington Gardens. Lexington 

Gardens is roughly 9.46 acres and Hyde Park Plaza 1 is 1.24 acres.  

 

 

 

Table 12: Hydrology Results for Study Areas 

Lexington Gardens 

 

Pre-developed 

Conditions 

Worst-Case 

Development 
Using Green Infrastructure 

100 Year Storm 

Peak (ft3/s) 
41 66 53 

100 Year Storm 

Runoff (ft3) 
167,000 187,000 141,300 

Hyde Park Plaza 1 

 

Pre-developed 

Conditions 

Worst-Case 

Development 

With 2,000 ft2 Green Roof and 

2,000 ft2 of Gardens 

100 Year Storm 

Peak (ft3/s) 
7 10 8.5 
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100 Year Storm 

Runoff (ft3) 
23,000 25,000 23,000 

 

 

Figure 18: Lexington Gardens Hydrograph 
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Figure 19: Hyde Park Plaza Hydrograph 

Figure 18 and Figure 19 are the resulting hydrographs generated from the model. What is 

important here is the area under the curve. This represents the runoff volume. Although the 

peak from using green infrastructure is not below the pre-developed conditions, the areas are 

equivalent or the GI option is less.  

Figure 20 is the proposed final design for stormwater mitigation along Wasson Way after 

analyzing the results of the two study areas. The green wall portion may or may not be included 

depending on system proximity to a green wall. This design concept optimizes stormwater 

mitigation through green infrastructure while playing upon the strengths of green roofs and 

rain gardens.  
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Figure 20: Proposed Integrated Design (Source: Will Garde) 

If a more traditional approach is desired, Figure 1 is the alternative drawing that can always be 

implemented, but the environmental team strongly suggests implanting GI technologies. If this 

approach was desired, consult the Results spreadsheet, which has highlighted the amount of 

storage required for each watershed.  
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Estimation 

Estimation Sources and Assumptions 
The costs in this section were estimated for the length of sewer planned to be laid and the 

detention vaults that are planned to be constructed throughout the Wasson Way watersheds 

based off of the hydrologic model that was generated. An estimation was also made for rain 

gardens to show a cost comparison of a sustainable alternative. The following section provides 

sources for assumptions made about each item. 

To handle the extra runoff from the future bike path and light rail, a storm sewer will need to 

be implemented. The type of pipe that was decided upon was slotted drain, the cross section 

can be viewed in Figure 21.  The material used for slotted drain is corrugated metal pipe (CMP). 

There were no sources found of bid awards or fabrication costs per linear foot for slotted drain. 

However, a bid award was found for CMP that varied in prices depending on the diameter of 

pipe used1. The bid prices were then taken times two to account for the extra material and 

fabrication of the extended grate added to the top of the pipe. These estimations can be found 

in Figure 22. 

 

Figure 21: Slotted drain cross section2 

The detention vault estimate is based on costs reported for plastic and metal underground 

detention facilities that ranged from $3 - $10 per cubic foot of storage3. Since concrete is the 

                                                      
1 http://www.modot.org/business/contractor_resources/gs_bidding/D1/documents/D1-10-045Tabulation.pdf 
2 http://onlinemanuals.txdot.gov/txdotmanuals/hyd/images/HYDF10-6.jpg 
3 http://water.rutgers.edu/Projects/Sussex/4_GreenInfrastructurePlanningDesignandImplementationTrainingfor 

http://www.modot.org/business/contractor_resources/gs_bidding/D1/documents/D1-10-045Tabulation.pdf
http://onlinemanuals.txdot.gov/txdotmanuals/hyd/images/HYDF10-6.jpg
http://water.rutgers.edu/Projects/Sussex/4_GreenInfrastructurePlanningDesignandImplementationTrainingforDesignProfessionals.pdf
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material that was chosen, it was decided that the more expensive option, $10.00 per cubic foot, 

would be used as the basis for the estimate due to concrete being more expensive than both 

plastic and metal. This price also includes cost of construction. 

A cost calculator made by the University of Connecticut showed that a rain garden can cost 

anywhere from $5 to $45 per square foot of rain garden4. Since the area that Wasson Way is 

located on is an old rail line, it most likely has contaminated soil and a lot of excavation will be 

needed to replace the soil under the rain garden, warranting the cost of $45 per square foot. 

The prices for pipe per linear foot for the storm sewer were already estimated, but the cost of 

constructing it is still needed. The general estimation costs for constructing sewer at the 

Metropolitan Sewer District of Greater Cincinnati (MSD) is taken to be $100 per linear foot of 

pipe. After talking to an employee at MSD, the price of $50 per linear foot of pipe for 

construction was confirmed. This is due to the pipe being installed just below the surface which 

means there will be less excavation to install the slotted drain. Also, a construction contingency 

cost of 10% was used because it is regularly used in estimation at MSD. 

Final Estimate 
Using all of the numbers previously mentioned, an estimate was made using the largest 

contributing watersheds to size the pipe and detention vaults. This provided an estimate of 

$433,775 for pipe material, $600,000 for fabrication and construction of detention vaults, 

$936,250 in construction for the storm sewer, and a construction contingency of $93,625. This 

adds up to a total of $2,063,650 to implement the storm sewer and detention vault. To see the 

individual prices of each item, refer to Figure 22. The rain gardens were not considered in this 

estimation, but their cost comparisons are covered in the following section. 

                                                                                                                                                                           
DesignProfessionals.pdf 
4 http://nemo.uconn.edu/raingardens/calculator.htm 

http://water.rutgers.edu/Projects/Sussex/4_GreenInfrastructurePlanningDesignandImplementationTrainingforDesignProfessionals.pdf
http://nemo.uconn.edu/raingardens/calculator.htm
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Figure 22: Cost estimation worksheet 

Cost Comparison 
Through building the hydrologic model of the Wasson Way watersheds, it was proven that 

implementing rain gardens would completely mitigate runoff in the watersheds they were 

implemented in. But at $45 per square foot, the implementation of rain gardens are expensive. 

A cost comparison can be seen below in Figure 23. In Hyde Park Plaza the implementation of a 

rain garden would mitigate the runoff and be cheaper, but in Lexington Gardens the cost to 
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mitigate runoff with a rain garden cost over 200% more than a detention vault and would 

increase the overall cost by 124%. 

 

Figure 23: Alternative cost comparison 

  

 $960,000  

 $103,400  

 $463,250  

 $180,600  

Lexington Gardens Hyde Park Plaza 1

Green Infrastructure

Detention Vault
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Conclusion 
The purpose of this senior design project was to determine if GI technology would be a viable 

strategy for stormwater management within the Wasson Way Project. The environmental team 

believes the answer to this design question is an emphatic yes. Through the construction of the 

hydrology model, the effect of GI could be determined. It was shown earlier how large an 

impact a moderate amount of GI implementation could make—for only two watersheds. The 

Wasson Way project is positioned to impact Cincinnati for the better. This opportunity could be 

taken one step further by showcasing GI and raising community awareness about Cincinnati’s 

runoff problem. Hopefully, awareness would lead to community involvement and 

implementation resulting in sustainable rainwater practices and an overall increase in aesthetic 

appearance. Yes, GI may be economically prohibitive in certain areas if soil conditions are 

irremediable, but this will need to be determined before a final cost can be put to the different 

GI alternatives. The environmental team hopes Wasson Way looks beyond the bottom line and 

chooses to cast a new vision for Cincinnati and sustainable development in the City.   
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Appendix 1–Green Roof Calculations 
LIVEROOF SYSTEM 

Installation Costs: Comes from Table 3 for the LiveRoof System 

Maintenance Costs:  Using $1,100/year from Table 3. 

 $1,100/𝑦𝑒𝑎𝑟 × 30 𝑦𝑒𝑎𝑟𝑠 = $33,000  

Energy Savings:   $156.85
𝑦𝑒𝑎𝑟

 × 30 𝑦𝑒𝑎𝑟𝑠 = $4705.5 

 

CONVENTIONAL ROOF 

Maintenance Cost:  
$0.25
𝑓𝑡2

𝑦𝑒𝑎𝑟
× 2000 𝑓𝑡2  ×  30 𝑦𝑒𝑎𝑟𝑠 = $15,000 
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Appendix 2—Green Bridge Calculations 
Water Estimation based on Evapotranspiration 

Pen Evaporation Table from ODNR 

 
 

For Ivy water demand calculations following formula was used 
ETo x crop coeff.x density x exposure factor x planted area

Irrigation efficiency
 x .623 

0.623 converts from inches of rain per square feet to gallons of water, the area is in square feet, 
and irrigation coefficient for drip irrigation is .9. ETo = potential evaporation (pen evaporation). 

Example. Following formula was used to come with results for column 4  (Gallons = 
((ETo*1*1*0.2*500)/(0.9))*0.623) 

 

 

 

 

 



 

60 
 

 Wasson Way Hydrology Report 

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 

  
Dayton  
(in) 

Deer 
Creek 
(in) 

Average  
pen 
evap. 
(in) 

 
Gallons 
0.2 Eto for  
500 sq. ft. 

Gallons 
0.8 Eto 
for  
500 sq.ft. 

Gallons 
0.2 Eto 
for  
1 sq. ft 

Gallons 
0.8 Eto 
for  
1 sq. ft 

Apr  4.04 5.00 4.52 312.88 1251.54 0.63 2.50 
may  5.65 6.00 5.83 403.22 1612.88 0.81 3.23 
Jun  6.77 7.00 6.89 476.60 1906.38 0.95 3.81 
Jul 7.06 6.63 6.85 473.83 1895.30 0.95 3.79 
Aug 6.20 6.00 6.10 422.26 1689.02 0.84 3.38 
Sep 4.63 3.67 4.15 287.27 1149.09 0.57 2.30 
Oct 2.86 3.00 2.93 202.82 811.28 0.41 1.62 
Max -     476.60 1906.38 0.95 3.81 
 

The same method was used to estimate water conception for live walls but density coefficient 
was changed to 1.4. 

 

Water Estimation based on Simplified Irrigation Method. 

Table below provides irrigation coefficients for different plants in the Midwest region.  
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For the Ivy plants water estimation assumption was made that Ivy will be one foot in diameter.  

Example. (Plant water need (moderate)) = 0.13* 30 =3.9 gal/ month / sq. ft. 
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Runoff monthly average estimate 

Runoff = C*intensity*Area. C= 0.98 for impervious service. Area was obtained from GIS model.  

Month Avg. Rainfall (in) Location Area (acre) Runoff (acre-in) Runoff (cub. ft) 

January 2.7 I-71 1.3656 3.613378 13116.56 
February 2.39     3.198508 11610.59 

March 3.49     4.670625 16954.37 
April 3.81     5.098877 18508.92 
May 4.5     6.022296 21860.93 
June 3.71     4.965048 18023.13 
July 3.25     4.349436 15788.45 

August 3.46     4.630476 16808.63 
September 3.04     4.068396 14768.28 

October 2.8     3.747206 13602.36 
November 3.49     4.670625 16954.37 
December 3.02     4.04163 14671.12 

January 2.7 Red Bank 0.3527 0.933244 3387.676 
February 2.39     0.826094 2998.721 

March 3.49     1.206305 4378.885 
April 3.81     1.316911 4780.388 
May 4.5     1.555407 5646.127 
June 3.71     1.282347 4654.918 
July 3.25     1.12335 4077.759 

August 3.46     1.195935 4341.245 
September 3.04     1.050764 3814.273 

October 2.8     0.967809 3513.146 
November 3.49     1.206305 4378.885 
December 3.02     1.043851 3789.179 

January 2.7 US-50 0.1995 0.527877 1916.194 
February 2.39     0.467269 1696.186 

March 3.49     0.68233 2476.858 
April 3.81     0.744893 2703.962 
May 4.5     0.879795 3193.656 
June 3.71     0.725342 2632.992 
July 3.25     0.635408 2306.529 

August 3.46     0.676465 2455.566 
September 3.04     0.59435 2157.492 

October 2.8     0.547428 1987.164 
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November 3.49     0.68233 2476.858 
December 3.02     0.59044 2143.298 
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