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Abstract: 

 

We propose infiltrating benches in an amphitheater setting as an innovative design 

project in response to the EPA Campus RainWorks Challenge.  The chosen site is 71% 

impervious and generates both roof and walkway runoff.  This project will reduce stormwater 

inputs to a campus lake by completely infiltrating the runoff from the one-year, 24-hour storm.  

Our design restores an eroding hillslope and increases abundance and diversity of native 

plantings.  It will also provide a more diverse social and academic student gathering area near 

several large dorms and a dining facility.  In addition, visitors will appreciate the educational 

writings and visual representation of stormwater flow.  The site can also serve as an outdoor 

classroom.  Financially, this project is achievable through a match between the university and the 

EPA grant.  This design concept is transferable to other campuses seeking to combine 

stormwater management with multiple uses. 

 

Introduction: 

The problem with many traditional stormwater treatment systems is that they remove 

valuable landscape from human use.  Our goal was to make stormwater treatment a feature 

within a multi-use landscape at an accessible cost.   

Our campus in many respects has features of an urban landscape, e.g. high population 

density, large percentages of impervious surfaces, and low plant cover per unit area, but it is set 

within a rural township.  This has presented distinct issues related to water volume, peak flow, 

and water quality in receiving streams.  Historically, a lake was constructed for aesthetic reasons, 

but with heavy development over the years, now essentially serves as a stormwater detention 

pond for half of campus.  The lake is heavily polluted with sediment, nutrients, and vehicle and 

building related contaminants from runoff.  It also has a weir controlling discharges into a Class 

A stream that is part of a drinking water supply watershed and thus needs to be protected.  As 

new construction continues and student and staff populations grow, it is crucial for us to install 

effective stormwater management systems to protect water resources. 

 Several site and institutional issues prevent us from a large scale renovation of the Lake 

to a more useful and sustainable treatment system.  First, in the area between the lake elevation 

and the existing stormwater drainage infrastructure discharging into the lake, there is limited 

room for daylighting or otherwise treating the large volumes of runoff directly at the Lake 

without major renovations.  Second, the area surrounding the lake has just undergone significant 

renovations and beautification as it is a focal point upon entry to the campus and an intermediate 

zone between academics, student life and the local town.  This directed us towards investigating 

distributed treatment systems within the watershed, with a focus on infiltrating and treating 

runoff in a manner that provides mixed use to maximize the function of the already crowded 

landscape on campus.  In addition, this had to be accomplished with a minimal budget since 
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discretionary funds for a non-regulatory issue at a publicly funded institution are limited.  Our 

objective was to propose a design that would address a real world problem, would be transferable 

to other campuses, would be innovative, would have educational elements, and would be 

achievable given financial and institutional constraints. 

  

Our Design: 

 

 The site that we focused on for this project is home to some of the largest dorms on 

campus along with the largest dining hall (Figure 1).  During storm events, rainfall hits the dorm 

roofs and courtyard and is directed into downspouts and yard drains which directly feed into the 

Lake.  Our goal was to intercept this runoff and infiltrate it.  Additionally, this will improve the 

water quality of the Lake while recharging the groundwater on site.  Our project was designed to 

create a sense of community in that area of campus since many students travel through the area 

every day.  The number of residents, passersby, and proximity to classrooms and administrative 

buildings makes it an appropriate location for leisure use of the site, outdoor classroom space, 

and education about stormwater management techniques.   

 

Figure 1: Site location and description of design watershed 

We designed an infiltration structure embedded in an amphitheater (Figure 2).  The 

system captures runoff from a single pipe draining a contributing dorm roof and courtyard drains 

and directs it to three tiers of infiltration structures positioned behind terraced seating (Figure 3).  

In addition to runoff treatment, the new space incorporates: 1) a space for student and staff 

gathering both on the terraces and the lower plaza, 2) an amphitheater setup that can be used as 

Watershed
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an outdoor classroom or concert venue, 3) educational features that describe the runoff treatment 

system both in written and visual form, and 4) improvement in the natural conditions at the site.   
 

 

Figure 2: Rendering of proposed site development 

 

Figure 3: Cross-Section of Infiltration Benches 

Analysis and Planning: 

Campus Master Plan 

This innovative project conforms to several campus master plans at this university.  

These include the Campus Master Plan and updates (JJR, 2006), the Landscape Architecture 

Master Plan & Design Guidelines (Sasaki, 2010), and the Campus Sustainable Design Guidelines 

(JJR Smithgroup, 2004).  A Water Quality Management Plan also has been developed in 

response to a TMDL on an impaired brook that drains half of the campus.  Each of these 

planning documents and how the project aligns with them are described below: 

Infiltration Benches 
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Master Planning Goals 

Among the goals of the Master Plan is to: “Develop environmentally sustainable design 

guidelines for consideration in future project implementation.”  This project is an example of an 

environmentally sustainable design.  The master plan also suggests additional improvements in 

the proposed project area (Figure 4).  None of these improvements interfere with our proposal.   

 

 

Figure 4: South campus master plan update (1=potential parking garage, 4= reconfigure parking for safety, 

8= pedestrian connection to building, 9 = provide garage access) (JJR, 2006). 

The Landscape Master Plan and Design Guidelines identify three main stormwater 

management goals: 

1.) Reduce peak rate of stormwater runoff  to pre-development hydrological conditions, 

2.) Limit total volume of runoff to pre-development hydrological conditions, and 

3.) Provide treatment of water quality to meet or exceed the latest regulations. 

Furthermore, the Plan identifies the following approaches: 

1. Reduce impervious surfaces. 

2. Groundwater recharge. 

3. Disconnect impervious surfaces. 

4. Design an active, ecologically functioning landscape, maintenance & source control. 

5. Aesthetics of stormwater management on campus. 

This site has the potential to be a destination for tour and orientation groups.  The 

surrounding area is currently a significant hub for students. The site sits at the center of some of 

the residence halls which house over 700 students and it is overlooked by one of the largest 

dining halls on campus.  This project also will address major stormwater concerns brought up in 

the Landscape Master Plan and Design Guidelines. This area of campus has been classified as 

the Upper Park district in the landscape plan; additional objectives and general guidelines were 

developed for this specific district. 

1. Increase the overall tree canopy cover. 

2. Amend existing soils in eroded areas. 

3. Develop stormwater management techniques that do not detract from the overall 

visual clarity of the district. 

4. Enrich the public life of the campus by developing outdoor gathering spaces in 

association with significant buildings. 
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The proposed project will meet all of these objectives.  Trees will be added, an eroding 

soil will be renovated, and an innovative stormwater practice will be coupled with an attractive 

outdoor gathering space that is also functional.  Both of our plant choices, white birch and red 

chokeberry, are on the Landscape Architecture Master Plan and Design Guidelines’ list of 

recommended plants.  The plants will also be located according to the Guidelines’ goals of 

creating “landscape unity in the naturalistic style, extending over broad areas, to produce an 

appropriate expression for a public institution of higher education, research, and public outreach” 

because there are other similar type trees and shrubs within the area. 

 

The Campus Sustainable Design Guidelines (JJR Smithgroup, 2004) set forth guidelines 

for low-impact, sustainable design of the campus environment and represents the university’s 

commitment to protect our natural resources.  This project conforms to those guidelines.   

 

Existing Site conditions 

 

Initially, in response to the Campus RainWorks Challenge RFP, our efforts to control 

stormwater focused on a lake on campus which has been gradually filled in by sediment from the 

watershed. It has had frequent algal blooms and has been choked by aquatic plants to the point 

where they have been harvested each year for the last three years. The lake is small and 

surrounded by grassy banks, which are frequently populated by students to sun bathe, play 

Frisbee, or do homework. The lake is also home to many geese, ducks, and other local wildlife. 

One subwatershed to the lake was investigated as a candidate for this Challenge. The 420,000 ft
2
 

watershed contains about 55% impervious sites such as sidewalks, classroom buildings, and 

dorms as well as 45% pervious grass areas (Table 1).  

 

Table 1. Lake Watershed % Impervious Cover.  
 
Cover Type Percent  

Pervious 45.0 

Impervious 54.7 

 

The major sources of runoff to the lake come from the roadways, sidewalks, and roofs of 

the buildings. The site was originally chosen due to its popularity on campus. However, further 

analysis showed the site to be out of the scope of this project. The Lake watershed runoff volume 

for a 1-yr, 24-hr storm (2.6 in. of rainfall; Hershfield, 1961) was as much as 42,000 ft
3
 with a 

peak flow of about 13 ft
3
/s (Table 2).  After examining the selected site, it was realized that it 

was not feasible to create an effective infiltration system for such a large volume in the space 

available. In order to achieve a reasonable runoff reduction, major infrastructure changes to the 

site would be required. We therefore decided to manage sources of runoff in the upper areas of 

the watershed. We switched from focusing on the entire watershed to a portion of the watershed. 

We describe this effort because it made this team realize that distributed techniques throughout a 

watershed are needed to realistically contain stormwater runoff.   
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Table 2.  Lake watershed runoff. 
 
Variable Value 

Peak Flow  13.05 ft
3
/s 

Runoff 1.2 in. 

Runoff Volume 42,000 ft
3
 

Average Runoff Flow 0.486 ft
3
/s 

 

The proposed project area is another space frequently populated by students during good 

weather. This site is located in a subwatershed of the lake and has a smaller area of 28,750 ft
2
. 

The watershed contains a greater percentage of impervious surfaces than the total lake 

watershed. The lake watershed consists of 55% impervious surfaces, while the project area 

watershed is 71% impervious.  

 

In the selected watershed, impervious surfaces are the main source of runoff. The 

watershed contains a popular residence hall. Roofs comprise 39% of the watershed (Table 3). 

The area is also paved for the heavy student traffic that treks through the area every day. Thus 

sidewalks make up 32% of the watershed. The remaining part of the watershed is grass. The 

grass is assumed to be of hydrologic soil group C. Students tend to stray off sidewalks, thus 

some of these lawns are heavily compacted. Sources of contaminants in runoff from this site 

include atmospheric deposition on roof tops, particulates and salts from sidewalk use as well as 

fertilizer application to the grass areas.   

 

Table 3. Project Area Watershed Cover Types. 
 
Cover Type Percent  

Roof 39 

Sidewalk 32 

Grass 29 

 

In the lake watershed, phosphorus is the particular pollutant of concern. During storms, 

phosphorous from the roofs, pathways, and fertilizer on the landscape runs off in stormwater.  A 

study on campus has shown during a period of five months that an average of 0.197 mg/L of 

phosphorus occurred in roof runoff. There are several inlets to the lake from the stormwater 

system. In the particular watershed where this project is located, sampling at the stormwater 

outfall showed a range of 0.017 - 0.222 mg/L of phosphorus. For the lake itself, the total 

phosphorus concentration has averaged 0.093 mg/L. 

 

Preservation and Restoration of Natural Features: 

 

 Campus is a dense development placed within a rural landscape.  Given our design and 

site selection in the broader context of campus, our focus on preservation and restoration of 

natural features in part lies in regional issues.  The portion of campus we focused on falls within 

a drinking water supply watershed as indicated by the thick black line in Figure 5b.  Our site, 

indicated in orange, drains into the lake adjacent to it.  While our design focuses on a single 

building and adjacent landscape, our broader concern and future goals of distributed stormwater 

treatment within this watershed aim to protect the regional resources indicated (Figure 5).  The 
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wetlands map (Figure 5c) indicates that the Lake drains into existing wetlands.  In addition, this 

area is of particular concern because it is a site of high natural diversity with significant natural 

communities (Figure 5a).  In terms of water resources within a reservoir watershed (Figure 5b), 

the Lake is a relatively small water source, but does feed into a larger river and reservoir 

downstream.  Any limitation of water quality issues within this Lake is relevant to downstream 

water resource consumption.  Finally, there are several historic buildings near the site (Figure 

5d), particularly residences directly adjacent to the Lake, for which the primary concern is 

flooding.  That has not historically been a problem and the Lake size and outlet control has 

managed any potential issues thus far, but any increased infiltration within the watershed will 

help reduce future peak volume and flow issues experienced at the Lake.   

 
Figure 5: Regional maps of a) natural resources, b) groundwater resources, c) wetlands, and d) historic 

structures. Names are whited out for anonymity.   

In terms of local site issues, our design focuses on restoring landscapes to native and 

urban tolerant plantings, better landscape and soil management, increasing groundwater 

infiltration on-site, and generating more wildlife habitat.  The site already has plantings of birch 

and we are amending that by adding a cluster of 5 White birch or Betula papyrifera, and several 

deciduous shrubs, red chokeberry or Aronia arbutifolia.  These are both native species and on the 

list of recommended species in the University Landscape Master Plan (Sasaki 2010).  These 

plantings will increase the site planting density by about 25%.  The existing hillslope on which 

the amphitheater seating is proposed is currently poorly managed lawn with erosion problems.  

The design would stabilize the slope through addition of the seating and infiltration structures 

and replant native lawn species concurrent with the adjacent landscape.  The expected heavy use 

of the site and attraction as a stormwater education and outdoor classroom will necessitate better 

landscape management by facilities.  By increasing groundwater infiltration on site, we will 

promote healthy soils and in particular a better soil environment for the new and existing trees.  

Finally, the increase in plant density will result in a concomitant increase in wildlife habitat on 

site, particularly providing winter feeding opportunities for local bird life from the red 

chokeberry shrubs.   

 

  

Combined

a b

c d

Site location
Campus core
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Integrated Water Management: 

We initially assessed the water flow on site based on roof peaks and existing drainage 

systems (Figure 6).  The roof 

runoff from the dorm drains 

through gutters directly into an 

underground pipe network, which 

also collects water from several 

yard drains prior to moving to the 

lower plaza.  Our project 

intercepts the pipe connection 

between the upper and lower 

plazas.   

Changes in stormwater 

runoff were determined for the 

infiltrating amphitheater project.  

Peak flow was determined from 

the rational formula. 

      
where Q is the peak discharge 

(ft
3
/s), C is the runoff coefficient, I 

is the average rainfall intensity 

(in/hr), and A is the area of the 

watershed (acres)  (Hershfield, 

1961). A weighted average C value was determined from cover types and their respective areas 

(Table 4).  

 

Table 4. Runoff Coefficients of Cover Types 
  
Cover Types Runoff Coefficient (C) Area Fraction 

Roof 0.85 0.39 

Sidewalk 0.825 0.32 

Grass 0.20 0.29 

Overall  0.653 1.00 

  

Table 5. Calculation of Peak Discharge using the Rational Formula. 
  
Variable Value 

Runoff Coefficient (C) 0.653 

Average Rainfall Intensity (I) 2.5 in/hr 

Area (A) 0.66 acres 

Peak Discharge (Q) 1.08 (ft
3
/s) 

 

The runoff depth and volume was determined for the 1-year, 24-hour storm of 2.6 inches 

(TP 40) using the Curve Number approach (USDA-SCS, 1986). A weighted curve number was 

found from the sum of the products of the curve number and area for each cover type (Table 6).  

In selecting the curve numbers, hydrologic soil group C was assumed. The open space in the 

Figure 6: Site water flow analysis 
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watershed was assumed to be of good condition, with grass cover greater than 75%.  The runoff 

was found to be 1.6 inches and the volume of runoff was 3,833 ft
3
 (Table 7).   

 

Table 6. Curve Numbers for Cover Types 
 
Cover Type Curve Number Area Fraction CNxA 

Roof 98 0.39 38.22 

Sidewalk 98 0.32 31.36 

Open Space 67.5 0.29 19.58 

Total ---- 1 89.16 

 

Table 7. Analysis of changes in runoff for the 1-year, 24-hour rainfall of 2.6 inches. 
  
 Existing Condition Proposed Condition % Change 

Peak Flow 1.08 ft
3
/s 0 100 

Runoff  1.6 in 0 100 

Runoff Volume 3,833 ft
3 

0 100 

Average Runoff 0.044 ft
3
/s 0 100 

 

To reduce the runoff, an innovative infiltration approach was used.  The concept of an 

amphitheater was combined with infiltration chambers to disconnect stormwater from flowing 

directly to a campus lake. The amphitheater would be beneficial to students, serving as a 

gathering place to sit and eat, do homework, sunbathe, etc., but also play a key role in reducing 

runoff.  During a storm, water from the roofs, sidewalks, and grass areas flows into the storm 

drain system located in the walkway above the project area (Figure 1). The project would reduce 

stormwater loads into the conventional sewer system by intercepting a pipe that is fed by seven 

yard drains, and running this water through the infiltration chambers located behind amphitheater 

benches. Normally this water would have been directly channeled through the sewer system and 

discharged quickly into the lake. By rerouting the yard drains to connect to the underground 

infiltration chambers, the captured stormwater is allowed to infiltrate slowly into the soil. An 

added benefit of the infiltration chambers is the increased capacity for storage, which ultimately 

allows a greater 

amount of 

stormwater to be 

infiltrated over a 

longer time period.  

This increased 

absorption into the 

soil and more closely 

mimics natural 

hydrological 

processes.  

 

For storage, a 

Quick4 Standard 

septic chamber 

system will be placed 
Figure 7: Cross-section of runoff infiltration and treatment system 
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behind each bench in the amphitheater. Table 8 lists the characteristics of the selected chamber 

(Infiltrator Systems Inc., 2007).  A total length of 131ft of benches (33 units) are planned to be 

installed. Total storage would be 190 ft
3
. 

 

Table 8. Quick4 Standard Septic Chamber Characteristics 
 
Characteristic Dimension 

Width (in) 34  

Length (in) 48 

Height (in) 12 

Storage Capacity per unit (ft
3
) 8.3 

 

Septic sand would be used to fill the area underneath the chambers. This soil class has a 

percolation rate of 6 in/hr.  By using this soil under the chamber system, in a 24hr period, we 

would achieve an infiltration of 4,454 ft
3
.  Using a rainfall distribution calculator (Houghtalen & 

Akan, 2003), the volume of runoff at each hour of the one-year 24-hour storm was generated to 

determine if it exceeded the infiltration capacity of the system. Hourly rainfall and runoff 

increased to a peak of 1,340 ft
3
/hr at 12 hours, and then gradually declined again.  

 

As a result of this project, the directly connected impervious cover would decline from 

71% of the project watershed to zero (Table 9). 

 

Table 9.  Impervious area for the existing and proposed conditions. 
 
 Existing Condition Proposed Condition 

 ft
2 

% ft
2
 % 

Impervious area 20,400 71 20,400 71 

Directly connected impervious area 20,400 71 0 0 
 
 

Soil and Vegetation Management: 
 

This design was created with both the local ecosystem and human use in mind.  Our 

chosen site is a developed landscape with some lawn area, existing birch trees, and several 

landscaping shrubs.  The existing lawn area on a hillside is not well kept and eroding.  The plaza 

is in full sun during most of the day.  Our design seeks to enhance shading of the plaza, add 

native vegetation, and restore the existing dilapidated lawns.  The design calls for the addition of 

25 red chokeberry and 5 white birch.  This will result in restoration of 5,600 sq ft of native 

plants, 7,000 sq ft of restored soils beneath the lawn area, and ultimately 3,200 sq ft of canopy 

cover, a portion of which shades the plaza.  In addition, the plant diversity would increase by 

50% by the addition of one native species (chokeberry) to a site with only two existing species 

besides grass.     

 

Our design also has environmental benefits for the air.  The design requires that the 

specified area remains vegetated, which will naturally regulate greenhouse gasses. Given the 

areas of landscape above and assuming carbon accumulation rates from the literature (Gebhart et 

al. 1994; Vadas et al. 2007; Zirkle et al. 2011), we calculated that our lawn area would 

accumulate about 90 lbs C/yr, and our tree plantings would accumulate about 232 lbs C/yr in 
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both above ground and below ground biomass.  By ensuring that grass and trees are present in 

the area, their photosynthesis will reduce the levels of carbon dioxide in the atmosphere.  Since 

the design maintains vegetation, wildlife habitats are preserved.  No species in the ecosystem 

will be displaced by the implementation of our design. 

 

Value to Campus: 

 

The amphitheater project adds value to the campus because it creates a community 

gathering space in a currently underutilized area as well as completely treats the runoff from a 1-

yr 24-hr storm event. The proposed area for the amphitheater project is a hillside that has the 

potential to be a landmark on campus.  At present, there is an underutilized patio space, an 

inaccessible hillside (i.e. blocked by a brick wall on two sides) which is not suitable for any 

human activity (i.e. it is partially mulched area of small shrubs and trees and eroding lawn).  The 

hillside is located in one of the university’s largest residential areas which is also home to one of 

the most popular dining halls.  The dorms directly adjacent to this site house 710 people, and the 

dining hall sees an average of 4500 non-unique users per day (David Barbera, Dining Manager, 

personal communication).  This is more than double the number of on-site residents assuming 

they eat three meals per day here.  The goal in this re-development is to attract those residents 

and users and create a functional social, academic, and stormwater treatment space.   

 

 
Figure 8: Pathways and user potentials for proposed design 

Use and accessibility 

 

The amphitheater design is in part meant to attract residents and visitors to the site.  Since 

it will be a new feature of the campus, it will likely draw in curious students immediately after it 

is installed.  However, we expect that curiosity will turn in to sustained use of the site as it is 

Administrative and 

classroom buildings

Residence halls

Commons/dining 

halls

residence 

halls/parking
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immediately accessible by the main path that leads to the dining hall and adjacent resident 

buildings (Figure 8) and is visible from all points of the quad.  In addition, the hillside faces 

south and receives a great amount of sunlight each day, making it a prime spot for lounging or 

sunbathing.  By redeveloping the hillside into an attractive series of tiered benches, the 

amphitheater project will create a community hub space where students can gather, relax, and 

spend extended periods of time.  In addition, professors can use the space for teaching classes as 

the site is within short walking distance of the two major classroom buildings which are used for 

landscape architecture and natural resources classes, among others.  Finally, this site will become 

a feature on campus tours as it highlights the beautiful renovation of space, a great feature for 

potential residents, the incorporation of stormwater management, and it showcases student 

involvement in campus life and design.   

 

Educational Tool 

 

The design includes a few educational aspects that serve to demonstrate the stormwater 

treatment and importance of stormwater management in both written and visual form.  A series 

of plaques throughout the space will explain the relationships between pervious and impervious 

surfaces as well as conventional 

stormwater infrastructure and green 

infrastructure.  It will also highlight 

features specific to the amphitheater 

site, such as the underground 

infiltration chambers located beneath 

the benches and the reduction in runoff 

volumes achieved by the project.  In 

addition, the site will include a series 

of overflow pipes along the central 

staircase (Figure 9).  These pipes will 

fill once the infiltration basins are 

filled, and overflow into an adjacent drain.  This serves as a visual clue to the volume and timing 

of runoff capture and flow even hours after the storm.  Educating the students, staff, and visitors 

who will be utilizing these features will forge a direct and personal relationship between the 

community members and stormwater management issues, and hopefully engender curiosity 

about local hydrology and urban development. Many people may not even realize that improper 

management of stormwater is a problem.  The amphitheater infiltration system is a simple, yet 

effective way to stimulate interest, educate and entertain the many site visitors it will receive.  As 

an educational tool, if enough students and public are informed about stormwater management, 

some will become inspired to get involved with future green infrastructure projects. 

 

The amphitheater project is innovative and unique because the stormwater feature is the 

benches themselves. Unlike a dry pond or a rain garden, students would not only get to view a 

green infrastructure device, but would have the opportunity to directly occupy and interact with 

it, and incorporate it into their cultural campus life.  In addition, the design will add aesthetic 

value to an important area of the campus.  The grass benches will help break up the monotony of 

the surrounding tall buildings, and will serve as a permanent green space on campus. The design 

integrates stormwater management and aesthetic value while providing for increased social 

bench

Overflow pipe

drain

Figure 9: Visual representation of stormwater treatment on 

site 
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interaction and education in the south area of campus. The creation of a new community 

gathering space would enhance the student experience at the university as well as leave a 

physical legacy of environmental awareness and stewardship.  

 

Likelihood of Implementation: 

 

User/Stakeholder Input 

 

The major user group for this project is the student body. The terraced seating gives 

students a new venue for social events and studying, in addition to an improvement in their 

environment (i.e. aesthetics and stormwater management). Student input on the proposed project 

was largely addressed by our interdisciplinary project team.  For implementation, the university 

review process for projects includes an opportunity for public comment and student input.  The 

university landscape architect has been in contact on this project and indicated general support 

for the idea. 

Capitol cost 

 

The estimated budget for this project is $20,000 of which $10,000 is materials and 

supplies.  Granite benches could be used instead of concrete for an additional $54,000.  

 

Table 10: Site design budget 

Item Cost/Unit Units Needed Total Cost 

Materials    
Chokeberry  (3 gallon) $25.99 25 $650 
Birch (european white birch) 10ft $83.99 6 $504 
Standard Quick4 infiltration pipe $30.57 33 $1,009 
Endcaps $15.48 10 $155 
Elbow Connector 35 $4.53 14 $63 
Schedule 35 pipe (4in) 10ft. $16.34 18 $294 

LED Aged Brass 0.3-Watt Industrial Deck Light $29.97 32 $959 
Grass 2475 sq ft sod / roll $7.95 278 $2,210 
Septic Sand (14 cy = 21 ton $13.25 21 $278 
     sand delivery     $90 
Screened Loam (yds) $21.50 7 $151 
     loam delivery     $90 
Concrete (no cap)/cy $150.00 16 $2,400 
crushed stone 3/4-1 1/4 (6 cy = 9 tons) $13.00 9 $117 
     stone delivery     $85 
30 Stairs (Concrete)/cy $150.00 6 $900 

Labor       
Labor     $10,000 

Total   $19,955 

*granite benches could replace concrete for an additional $54,000 
 

Lifecycle cost 
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Guidelines for conducting life cycle assessment have been developed (ISO, 2006).  

Lifecycle costs for this project would occur during the construction and operation and 

maintenance phases.  Materials such as sand, gravel, and concrete would be excavated from 

original sites, processed, and transported to the site.  During on-site construction, equipment 

would be operated.  Fuels would be utilized for most of these steps. Waste products would be 

generated from all these operations. During operation and maintenance, there would be 

additional fuels used.  Some of these maintenance costs occur currently, such as lawn 

maintenance.  Labor costs would also be associated with this project. 

 

There are life cycle impacts associated with this project.  Most impacts would be on air 

quality, associated with emissions during excavation and construction of this project.  This 

project would also result in some impacts that would be avoided in terms of water quality and 

flooding potential.  Trees added will have carbon storage benefits.  The U.S. life cycle inventory 

database could be used to quantify these values (US DOE-NREL, 2012). 

 

Cost savings 

 

The lake on campus has been filling in with watershed sediment and organic debris.  

Phosphorus concentrations indicate that the lake is eutrophic.  Macrophyte harvesting is costing 

$40,000-60,000 per year.  It has been estimated that the cost of dredging the lake exceeds $2M. 

This costs translates to $38,500 per year since the last dredging.  The proposed project would 

treat 0.43% of the lake watershed.  If sediment and nutrient effects are considered, this project 

would save $427 per year. This watershed drains to a large public water supply reservoir 

downstream.  Additional cost savings could be realized downstream. 

 

List of Potential Funding Sources/Partners 

 

Our objective is to match the EPA RainWorks Challenge grant for implementation of this 

project.  Potential sources of match funds include: 

 

1. Grant from the Green Campus Fund 

2. Residential Life 

3. State agency section 319 funds 

4. A private industry that builds infiltrator systems. 

Financing Strategy  

 

In order to finance this project we would apply for the variety of grants available to us. In 

addition to the Rainworks grant we would apply to a Green Campus Fund available through the 

University. Other potential grant areas are the Residential Life Associations and the State’s 

environmental protection agency.   
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