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1. Abstract

The human impact has affected natural hydrological cycles.  The increase in impermeable surfaces has decreased groundwater flow and evapotranspiration, which in turn increases surface runoff. Impermeable surfaces will continue to be created unless measures are implemented that are natural or mimic nature.  
The goal of this study is to provide insight into solutions pertaining to storm water mitigation via a case study that used three separate systems to mitigate stormwater runoff. A large retail development containing a Costco and a Target was constructed on a 50 acre site with two large department stores constructed adjacent to one another.  Each store used very different approaches to mitigate storm water runoff.  


Target used the emerging technology of porous pavement and Costco used a filter cartridge system and a traditional retention pond.  Target was willing to try an emerging technology while Costco adhered to strict pavement smoothness guidelines for there stores.  In the end a holistic approach achieved the maximum use of space while minimizing the impact on the environment.
2. Introduction:

This study will focus on a retail development project that was constructed in Marysville, WA (Figure 2.1). The project was awarded as one complete 50 acre site development project taking it from vacant rural land to a finished commercial development.  The area of the development being studied is approximately 30 acres and consists of two large retail stores: Target and Costco. 

The site is relatively flat (+/- 2 ft of elevation change over the 50 acre site) with highly permeable glacial sands under a thin layer of less impermeable glacial till.  The developers used this information to design the development to maximize parking area and minimize dormant land that would be used for retention ponds. 


This case study will review the high level rules and regulations regarding storm water runoff and follow them down to the local level involvement.  It will then discuss the various construction techniques used and the ways each addresses stormwater runoff.  A Life Cycle Assessment (LCA) was conducted on each construction method used.  The study looked at global warming gasses releases and energy consumed.  It did not take into account cost and land use. A Green Roads certification level analysis was performed to determine if the project earned a Green Roads certificate, and if not, what reasonable efforts could have been implemented to boost the rating to attain certification.


The geologic conditions in the area warranted the use of a permeable pavement to mitigate stormwater runoff.  The plans were presented to Target and Costco real estate development divisions for acceptance and implementation.  Target accepted the idea of porous pavement and Costco wanted to explore and use other alternatives based on strict corporate guidelines. A filter cartridge system was used to decrease the effective area of impermeable surfaces and provide suitable storm water runoff mitigation.
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3. Governing Regulations:


A huge movement toward environmental stewardship caused the government to create The Environmental Protection Agency (EPA) in 1970.  This department of the federal government would create and enforce environmental regulations to protect land, air, and sea within the boarders of the United States.


Further promulgation of the environmental standards required the creation of regulation and policy regarding water resources in the U.S.. In 1972 the EPA crafted regulations regarding water quality and congress enacted the Clean Water Act (CWA) to ensure water quality in the United States was protected.  The policy provided Federal, State, and Indian Tribes policy and guidance to protect its waterways and resources.  In the early years of the CWA the focus was on point sources and physical chemicals being released into the water systems, future regulations expand that to all sources of pollution.  

The federal CWA policy and regulations are used by the Washington State Department of Ecology (DoE) to create state level water pollution prevention programs and programs to clean polluted waters.  The DoE has three main goals and five programs that it focuses on (http://www.ecy.wa.gov/programs/wq/overview.html, May 2007):

Goals

1. Prevent water pollution

2. Clean polluted waters

3. Help communities make sustainable choices

Program Activities

1. Prevent Point Source Pollution

2. Reduce Nonpoint Source Pollution

3. Control Stormwater Pollution

4. Provide Financial Assistance

5. Cleanup Polluted Waters

The Washington DoE has prepared a technical manual “Stormwater Management Manual for Western Washington” (DOE, 2005).  This manual address and provides guidance for the quality and quantity of stormwater that is released from new developments.  If followed, these guidelines will meet or exceed the CWA regulations.

4. Sources of Information

The information gathered for this case study came primarily through personnel interview, phone interviews, and site visits.  Literature reviews were conducted to understand the governmental regulations regarding stormwater mitigations as well as research conducted on porous pavement systems.

Powell Construction is the site developer and Dowl Engineers provided the overall design. The city of Marysville Public Works Department and Washington DoE Northwest Region Office were contacted regarding the regulations governing stormwater mitigation for the area.  Dowl Engineers provided contract drawings for review and the use within this study.
5. Low Impact Development:

“A stormwater management and land development strategy applied at the parcel and subdivision scale that emphasizes conservation and use of on-site natural features integrated with engineered, small scale hydrologic controls to more closely mimic pre-development hydrologic functions.” (PSAT, 2005)

The DoE along with local government agencies and the Washington State University Extension office have developed a Low Impact Development (LID) manual to assist designers with Best Management Practices (BMP) concerning stormwater runoff (PSAT, 2005).  The purpose of the manual is to help designers and agencies understand the goals of low impact development, a common understanding of storm water practices, and specifications concerning stormwater runoff.

The city of Marysville, WA has local jurisdiction over the storm water permit process and determination of what measures must be taken to control and treat the storm water runoff.  They have adopted the LID manual as a reference.

5.1 Hydrological Cycle

The Puget Sound has a unique hydrological cycle due to its relatively mild climate, largely coniferous canopy, and geology.  In the pre-development stages, Figures 5.1, the combination created larger than normal evapotranspiration rates of 40-50%, and higher than normal interflow rates, 20-30%.  The top layers of soil in the Puget Sound region tend to be highly organic and biologic, allowing large interflow rates.  Due to the geology below this layer smaller amounts of water enter the groundwater, 10-40%.  This combination of attributes allows rainwater to slowly infiltrate the large interflow layer and evaporate back into the atmosphere or slowly infiltrate into lakes and streams.  Reducing the overland flow to <1% (PSAT, 2005).
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The introduction of the built environment has altered the natural hydrologic cycle, ultimately creating greater surface runoff and decreasing all other areas.  Urbanization has decreased the number of trees and plants and increased the amount of impervious area.  This greatly reduced the interflow layer, evapo-transpiration, and groundwater flow.  The flow has transferred to surface runoff.  This runoff has disrupted the natural processes and increased the magnitude of stormwater flows.  The increase of surface flows has created erosion and sedimentation problems in the Puget Sound streams, rivers, and lakes.  This problem has degraded the water quality of the Puget Sound, degrading the physical habitat as well as the biotic integrity of the stream.  Biotic integrity is a metric used to measure the streams ability to support salmonoids (PSAT 2005). 

The LID manual intends to educate developers, designers, and managers to understand the consequences urban development has on the environment.  It’s approach is to match pre-development conditions.  
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5.2 LID Techniques:


There are many techniques and possible solutions to mitigate stormwater runoff.  These techniques allow stormwater runnoff to mimic the natural flow.


Biotention Cells

Sloped Biodetention


BioDetention Swales

Tree Box Filters


Permeable Concrete

Permeable Asphalt

Permeable Gravel Pave
Permeable Pavers


Vegetative Roofs

Roof Stormwater Harvesting


Filter Strips


Media Filtration
*Bold indicates techniques used in this case study*


Dowl Engineers used LID methods during the design to mitigate stormwater run off.  The methods used were financially and environmentally sound principles.  LID was the basis for all the design on this development (Dowl, 2007).  

6. Case Study

Once completed the parking areas of Target and Costco will create nearly 25 acres of land, 50% of the development.  All of which will be impermeable to rainwater.  The designers took the information gathered in the geotechnical reports and LID manual to create a design that was economical and environmentally sound.

The designer solved the problem with three separate methods.  One of the methods was a traditional retention pond and the other methods used emerging technologies: porous pavement and a filter cartridge system was used.  All three will be discussed with regards to construction detail, stormwater mitigation, best management practices (BMP), and a summary to tie the decisions made to use one system over the other.
The magnitude of this development will create mostly impervious areas, stormwater management is a major concern.  If traditional retention ponds were used the whole site would have to been raise almost 4 feet to achieve the proper pipe invert slopes to convey the water to the retention ponds. This was not economical so alternative methods were used and each will be discussed. 
6.1 Target:


Target’s parking lot will cover 10.55 acres with 643 parking stalls.  Target decided to use porous pavement to mitigate stormwater.  At the time of design Target had not used porous pavement but was willing to try this technology.  


Since this is a relatively new technology Target was worried about the integrity of the porous pavement once cars started turning their wheels on it, so a hybrid ribbon solution was used.  Typical WSDOT Class B HMA is used in the driving lanes and porous pavement was used in the parking stalls (Figure 6.2).  
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6.1.1 Porous Pavement:


A porous pavement parking lot is a system and a design technique, not a proprietary product (NAPA, 2003).  It consists of a permeable layer of hot mix asphalt, a chocker course, recharge bed, and a underlain subgrade that has high enough percolation rate to allow stormwater to infiltrate into the groundwater system (Figure 6.3).  This system mimics nature and fulfils the requirements of the clean water act.

[image: image10.png]4" PERVIOUS ASPHALT PAVEMENT.
/1/2' MAX. AGGREGATE NOMINAL.

CHOKER COURSE, 2" THICK WASHED

CRUSHED AGGREGATE 1/4"-5/8"
TYPICAL.

ROCK RESERVOIR COURSE 18" MIN.
THICKNESS, MAXIMUM TO THICKNESS MEET
FINISH GRADES PER PLAN. WSDOT 9-03.9
SHOULDER BALLAST OR AASHTO #2 OR #5
WASHED ROCK, 30% VOIDS MINIMUM.

NON—WOVEN FILTER FABRIC, MIRAFI 135N

L

S
R "T——NATIVE SAND, NOT COMPACTED.

PERVIOUS ASPHALT PAVEMENT
TYPICAL SECTION

N.T.S.





Subgrade


The subgrade is a key design element of the porous pavement system.  A percolation rate greater than 0.50 in/hr is generally acceptable (USEPA, 205).  Rates lower than those require larger recharge beds and the possible addition of an overflow drain in cases of severe storm events.


The top of the permeable subgrade should have a clearance of 4 ft or more above bedrock or the maximum water table. This will allow for efficient drainage of the recharge bed and allow the system to work.  Field verification tests need to be performed in the area of development to ensure proper infiltration rates.  If the subgrade is impermeable the porous pavement system will not work.
Recharge Bed

The recharge bed in an integral part of the porous pavement system because it holds the stormwater until it can slowly infiltrate into the subgrade and into the ground water system.  The bed is constructed of a uniform, open graded aggregate, usually 1.5-2.5 inches, with no fines.  This creates approximately 40% air voids in the bed.  

The depth of the recharge bed is calculated based on the regional hydrographical data.  A conservative design approach will consider a 100-year 24-hour storm event to determine the maximum amount of stormwater that will need to be retained.  Local regulations will dictate the hydrologic data required for the design.  The design volume used for this project was a 2 year, 24-hour event (Dowl, 2007).  This data coupled with the percolation rate of the subgrade will determine the storage capacity needed in the recharge bed.  The design should drain the system no faster than 12 hours and no slower than 72 hours, with an ideally designed system draining in 24 hours.  The percolation rate of the subgrade is imperative in the design of a porous pavement system.  The lower the percolation rate the thicker the recharge bed will need to be to create the storage capacity needed.

Chocker Course


A chocker course of uniformly graded smaller aggregate, typically ¾ inch,  is used to cap the recharge bed and is purely economic.  This layer caps the larger aggregate and prevents the more expensive HMA from filling in the larger voids of the recharge bed.  

Asphalt


Porous pavement is an open graded hot mix asphalt (HMA).  The mix design uses crushed aggregate and minimal fines to create an open pore structure within the mix.  Typically the air voids are greater than 15%, which allows water to infiltrate through the HMA mat into a large recharge bed under the HMA surface.  


The asphalt content of the mix is typically higher than normal HMA.  Typical HMA mix designs have approximately 4-5% by weight asphalt binder, where as porous pavements typically use 5-9% asphalt binder content by weight (NAPA, 2003).  


 The binder grade is also stiffer than binder used in typical HMA applications.  A rule of thumb is to use two grades stiffer than would normally be used in the same location.  

Table 6.1 Example aggregate blend

	Porous Pavement
	1/2" Superpave Mix

	Sieve Size
	% Passing
	Sieve Size
	% Passing

	3/4"
	100
	3/4"
	100

	1/2"
	100
	1/2"
	90

	3/8"
	95
	3/8"
	 

	#4
	35
	#4
	 

	#8
	15
	#8
	28

	#16
	10
	#16
	 

	#30
	2
	#30
	 

	#50
	 
	#50
	 

	#100
	 
	#100
	 

	#200
	 
	#200
	2






           (pavementinteractive.org, June 2007)
Problem Areas


Clogged System


The system is designed around its ability to infiltrate stormwater from the surface through to the groundwater.  It is a very open system that is susceptible to being clogged by sand and silt particles clogging the air voids.  Maintenance needs to be performed to in order to keep the system operational.  Systematic pressure washing and vacuuming cleaning needs to be build into the maintenance plan.  This will ensure small particles do not fill the air voids and reduce the porosity of the system.  


Contaminants



The premise of the Clean Water Act is to reduce pollution from all sources.  In the other systems being analyses potential pollution can be filtered out or contained in a retention pond for treatment as needed.  In the case of a porous pavement system the pollution is filtered and controlled within the system.  Long term monitoring studyies have shown that the porous pavement system handles pollution in three ways:  absorption, straining, and microbiological decomposition (USEPA, 2005).   


A recent study in Virginia indicates that metals (Cu, Pb, and Zn) will be filtered and removed in the top few inches of the subgrade soil (Dempsey 2004). It is concluded that the metals will be filtered out and not reach the groundwater table and contaminate the groundwater system.


The study also concludes that petroleum hydrocarbons are contained and bio-degraded through microbacterial action within the top few inches of the subgrade.  Therefore, the authors conclude that petroleum hydrocarbons are not a threat to the groundwater system.

The porous pavement system needs to follow a few basic design criteria and Best Management Practices (BMP) to be functional and appropriate.  

· Topography needs to be relatively flat.  Slopes >5% can cause water to move too fast over the surface and in the recharge bed

· Low volume automobile traffic or lightly used access roads.  This system is ideally suited for large commercial parking lots with minimal vehicle turnover during the day. 

· No truck traffic

· Limited or no snow removal equipment that use de-iceing fluid or sand

· The system should not be exposed to large amounts of blown sand or silt

Low volume automobile traffic and no truck traffic are key design parameters for porous pavement parking lots.  This minimizes the turnover rate in a particular parking stall and reduces the potential of contaminants building up in one area.  A classic example is an auto parts store or fast food chain parking lot (Figure 6.4)  There is a high vehicle turnover rate and the potential for vehicles to deposit oils and other contaminants is greater.  This should be taken into consideration when using porous pavements.  The ideal situation is an office building application where vehicles are coming in and leaving once a day.  

From the viewpoint of the local permitting agency (DoE Interview, 2007), the small pollutant load created in a parking spot compared with the magnitude of the parking is not worrisome.  The agency agreed that porous pavement is ideally used in a commercial office building setting, not a fast food restaurant parking lot.
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Maintenance

Maintenance must be performed on the porous pavement system.  The main cause of failure in porous pavement systems is clogging by sand and silt.   Depending on the location and local conditions a quarterly vacuum maintenance plan will assist in the proper function of the system.  In commercial applications this is typically not an issue.  Retail stores will vacuum a parking lot more than is required for aesthetic reasons.  

Observations

6.2 Costco:

Costco is the larger of the two parking areas.  Costco’s parking lot will cover 14.15 acres with 703 parking stalls.  Costco was leery of using porous pavement because of a perceived notion that the surface would be rough.  Costco has very stringent smoothness standards for their parking areas, and they felt the open course asphalt would be too rough.  In their exact words, “We feel that when our customers are pushing their carts across the parking lot their pickle jars will vibrate off of their carts” (Dowl Interview, 2007).


 To alleviate this concern and still utilize the glacial sands ability to infiltrate stormwater a filter cartridge system was used.  This system is basically the same except the parking lot is contoured to channel stormwater to individual manholes to filter the stormwater prior to it entering the recharge bed.  The wearing surface is a typical WSDOT Class B HMA that is impervious to water.

 Costco also utilized the traditional retention pond to mitigate stormwater.  The areas around around the building that are subjected to heavy delievery truck loads will be typical HMA.  The stormwater from this impervious surface will be conveyed to the retention pond to be infiltrated into the groundwater.

6.2.1 Filter Cartridge:


A filter cartridge application is very similar in construction to the porous pavement application except the stormwater is channeled to catch basin, filtered, and then conveyed into the recharge bed below the HMA. The parking lot is contoured to channelize stormwater from approximately 20 parking stalls into one man-hole (Figure 6.5).  Once in the man-hole the stormwater is gravity fed through a propriety filter system to remove any contamination.  The material used in the filter can vary from Perlite, Zeolite, CSF Leaf Media, to GAC (Granular Activated Carbon) (http://www.contech-cpi.com/media/assets/asset/file_name/4544/stormwater_overview.pdf, 2007).  Once filtered the water is then piped into the recharge bed under the HMA, which has exactly the same characteristics as the recharge bed for porous pavement.
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Problem Areas


Proprietary Products

Filter cartridges are proprietary products and as a rule are not interchangeable with other units and need to be changed at uniform intervals.  This is dependant on the stormwater flow and the amount of pollutants and contaminants flowing through the system.  Once the system is installed the same company must be used to purchase future cartridges to maintain the system.

Filter cartridges require the filters to be changed at uniform intervals.  This is dependant on the stormwater flow and the amount of pollutants and contaminants flowing through the system.  The long term maintenance plan also relies on the assumption that the company will remain in business indefinitely.  If the supplier goes out of business the system will have to be removed and upgraded to another system which replacement parts are available.

Uneven Parking Surface

Stormwater must be channeled to catch basins so the water can be treated and discharged into the recharge bed.  To achieve this the parking lot will be contoured to channel the water.  The parking will not be level and will have a series of inclines and declines leading toward the catch basin.

There is also a constructability issue with contouring the surface of the parking lot.  It is easier and cheaper for a contractor to bring the elevation up to a level grade.  It will be more difficult and costly to ensure proper drainage of the appropriate area into the appropriate catch basins.
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6.2.2 Detention/Retention Pond


There is a difference between a retention pond and a detention pond.  Both are designed with the same objective in mind:  Hold stormwater until it can be released into the environment at a controlled rate.  The Washington State DoE Stormwater Manual defines a detention pond as holding stormwater until it can be released into to stormwater management system with little or no infiltration (DoE, 2005).  The definition of a retention pond is a system that holds stormwater until it can be released by evaporatranspiration and/or infiltrated into the ground water, with no surface flow.  Each has its benefits and drawbacks and are suited for specific purposes.  The basin in this case 
study is a retention pond.  The only time water will be visible is during or shortly after a rain event (Figure 6.8).

Asphalt
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The wearing surface of the parking lot is standard class B HMA.  The surface will be relatively level but sloped to allow drainage to a system of catch basins (Figure 6.7)


Subgrade


The subgrade under the wearing surface is typically a ¾ in. minus aggregate fill to provide structural integrity to the HMA.  Standard design practices must be adhered to with regards to traffic loading and support.

Conveyance System


The stormwater must be conveyed through a system of pipes to the retention pond.  Catch basins are placed throughout the parking area and a network of pipes convey the stormwater to the retention pond.  Inside the retention pond an overflow outlet is used in extreme flood events to release water from the basin.  
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Problem Areas


Land Use


Retention ponds require additional land.  This land could be used for other purposes besides stormwater storage.  Often this area consumed by a retention pond is considered wasted land in the minds of developers.  They are standard practice, but the land could be used more efficiently.


Maintenance


The major maintenance problem in retention ponds is vegetation.  If noxious weeds or woody vegetation takes over the natural vegetation the infiltration rate and treatment ability of the retention pond will be reduced (USEPA, 1996).  These areas tend to accumulate trash and other debris as well.  Overtime sediments might accumulate in the basin and will have to be removed.  This could be a potential hazardous waste if the stormwater has high pollutant loads.

6.3 Cost Comparison


The award price of this contract is confidential and the asphalt paving is a single line item of the total contract.  There is no way to accurately determine the actual costs of construction.  

Figure 6.9 depicts the relative costs of each area compared with the other areas.  Without the actual costs true price comparisons cannot be done.

Due to the confidential nature of the contract individual costs could not be broken out, however, the question was raised to Lakeside Industries, the supplier of the porous asphalt (Lakeside Interview, 2007).  They stated that the overall price of porous pavement is not higher than any other HMA product they make.  The stipulation is that the contractor must give advanced notice and they must purchase enough asphalt to run the plant for a day.  The asphalt batching process does not allow for individual truckloads of asphalt to be made.  Large quantities must be made ordered in advance to gain the efficiencies of the plant, and to let the other contractors know that they will not be producing the traditional HMA products on a specified day.


6.4 Study Summary
Target decided to use an emerging technology which would maximize the usable land area and minimize costs.  The BMP that was used was not without risks.  The fear of the wearing surface degrading overtime was mitigated through he ribbon application.  This area is not subjected to blowing sands and silts, however heavy traffic loads will create a level us dust and debris.  Target has a regimented vacuuming system for aesthetic reasons, however if not implemented correctly the system could clog and become unusable.

Costco has very stringent roughness guidelines for their parking lots.  Dowl Engineers felt this was unwarranted (Dowl Interview, 2007) and based purely on perception.  Research could have been done on Costco’s behalf to determine if this was true or not.

Placing a propriety system in is a risky investment.  The media must be changed on an interval recommended by the manufacturer.  If Costco does not have a maintenance contract in place the system will become inoperable and potentially could cause localized flooding in the parking lot.  

7. Life Cycle Analysis

A life cycle analysis (LCA) was performed on the three different types of stormwater mitigation controls used (Appendix I).  The use of the LCA is a true quantitative analysis of the system.  It incorporates at all aspects of the construction process from extraction of the crude oil to make asphalt to the mining and hauling of the aggregates from the quarry to the construction site. The LCA was performed using ISO 14040 and ISO 14041 standards.

7.1 Goal

The goal of the LCA was to look at the environmental impacts of each system pertaining to green house gasses emitted and energy consumed (Table 7.1).  The boundaries of the system were energy required to extract, mine, produce, and construct each of the stormwater systems.  The study does not take into account land use or costs associated with each system.  The land use of each system is obvious, and the costs are highly variable and dependant of the market condition, location, and breadth of the project.  Relative costs are reviewed in section 6.3.  

7.2 Approach

A mathematical model was developed to look at a hypothetical parking lot that would park 100 cars, each parking lot exactly the same except for the stormwater mitigation method used.  The LCA is a cradle to grave model the tracks all inputs required to construct the parking lot.
Once the construction models were created data was used from ECOINVENT (www.ecoinvent.ch, 2006) to model the inputs and outputs of each system (Table 7.1).  The data was normalized to energy profiles in the Pacific Northwest, which include relatively cheap and environmentally friendly hydroelectricity.


      Table 7.1

	Parameter Type
	Parameter
	 
	Units

	Energy Resource
	Fossil Fuel
	
	BTU

	
	Coal
	
	BTU

	
	Natural Gas
	
	BTU

	
	Petroleum
	
	BTU

	
	Electricity
	
	BTU

	Emission to Air
	SOx
	 
	g

	
	NOx
	
	g

	
	CO
	
	g

	
	CO2
	
	g

	
	CH4
	
	g

	 
	PM 10 & 2.5
	 
	g


7.3 Results

Porous pavement parking lots and filter cartridge parking lots consumer more energy and release more greenhouse gasses than a retention pond application.  The reason is due to the porous pavement and filter cartridge parking lots require large volumes of earthwork, specifically in the excavation of the recharge beds and the replacement of the aggregate to create the recharge beds.  The retention pond system requires a small structurally sound subgrade to be placed.  The recharge bed is typically 18-24 inches thick and the structural subgrade for the retention pond is only 5 inches thick (Dowl, 2007).  This corresponds to larger amounts of diesel fuel consumption in the trucking and heavy machinery used to construct each system.  The consumption of more diesel fuel is the reason for increase energy consumption and global warming gasses released.  

8. Green Roads Applicability


A green roads standard is under development at the University of Washington (http://pavementinteractive.org/index.php?title=UW:Green_Roads, June 2007).  The following is a review of the three methods and their applicability towards green roads standards.

8.1 Green Roads

“is a rating system that distinguishes high-performance sustainable, environmentally sound new, reconstructed or rehabilitated roads. It awards credits for approved sustainable or environmentally friendly choices/practices and can be used to certify projects based on total point value. Projects can be certified at the gold, silver or evergreen level depending upon their level of sustainability and environmental stewardship. The ultimate intent is for WSDOT and local agencies to require Green Roads as a standard or confer benefits on road projects that are certified according to this standard.”  (www.pavementinteractive.org, 2007)

8.2 Methodology


Each system was analyzed using the Green Roads rating system.  The system was developed with roads in mind, thus all areas do not correspond to parking lots and are noted in the analysis (Appendix II).  Most areas are applicable to parking lots, however quiet pavements, pedestrian/bicycle access, and eco-viaducts are not good measures of sustainability in parking lots.  

[image: image1.png]Category’ | Category Intent
Sustainable Alignment “The intent with this category Is to reduce impacfs in the
(sA) environment due to the alignment of the road such as:

preservation of wetlands, forests, farmiands, and other
ecological sensitive areas.

Materials & Resources

The intent with this category is to reduce impacts in the

(MR) environment due to material extraction, material use and
transportation.

‘Stormwater Management (SM) | The intent with this category is to reduce major impacts in
‘water quality and quantity due to polluted stormwater and
runoff.

Energy & Environmental The intent with this category is (o reduce impacs related to

Control (EEC) human and wildife wellbeing and health such as noise
polution, light pollution and animal crossings. Energy
reductions are to some extent included here as it relates to
light pollution and the heat island effect.

Construction Activities ‘The intent with this category is to reduce impacs related to

(CA) construction activities such as equipment emissions, fuel use,

air-, noise-, water-pollution and improvement of workers.
health.

Innovation and Design
(i)

“The intent with this category is to provide an incentive for
innovation and design in a project team.





A point value was assigned to each category and if applicable certificate levels were assigned.  Three categories were scored:


Actual:  The actual points for the completed project

Reasonable: These are point that could have been awarded with a reasonable amount of effort and little additional cost.

Potential: These are the maximum amount of points that could awarded for the project in an ideal situation and if cost was not a factor.

None of the parking lot systems received a Green Road certificate, however, with minimal effort and minimal additional cost a certified rating could have been achieved for the filter cartridge application. 
This analysis pointed out that some simple and highly implementable strategies can improve the environmental friendliness and sustainability of parking lots.  A common theme among all three systems that could have increased the score was:

Life Cycle Analysis – Utilizing a mathematical system to produce concrete results could have been developed to ensure the right system was chosen for the application.

Paver Emissions – Typically paving equipment does not use emission harvesting equipment.  The technology is available but not used.  


BioDiesel – As of June 1, 2007 Lakeside Industries has switched 100% BioDiesel for all of their fleet vehicles and construction equipment.  This was not implemented at the time this parking lot was constructed. 

	Porous Pavement
	
	
	

	
	Achieved
	Reasonable
	Potential

	Sustainable Alignment
	1
	2
	3

	Material & Resources
	2
	5
	6

	Stormwater Management
	3
	4
	6

	Energy & Environmental Control
	1
	2
	3

	Construction Activities
	1
	5
	8

	Innovtion & Design
	2
	3
	4

	Total Points
	10
	21
	30

	Rating
	None 
	Certified
	Silver

	Filter Cartridge
	
	
	

	
	Achieved
	Reasonable
	Potential

	Sustainable Alignment
	1
	2
	3

	Material & Resources
	2
	5
	6

	Stormwater Management
	4
	4
	5

	Energy & Environmental Control
	1
	2
	3

	Construction Activities
	1
	5
	9

	Innovtion & Design
	2
	3
	4

	Total Points
	11
	21
	30

	Rating
	None 
	Certified
	Silver

	Detention Pond
	
	
	

	
	Achieved
	Reasonable
	Potential

	Sustainable Alignment
	1
	2
	3

	Material & Resources
	2
	6
	7

	Stormwater Management
	1
	2
	4

	Energy & Environmental Control
	0
	2
	3

	Construction Activities
	1
	5
	8

	Innovtion & Design
	0
	1
	2

	Total Points
	5
	18
	27

	Rating
	None 
	Certified
	Silver

	
	
	
	

	
	
	Range of Credits
	

	
	Certified
	19-25
	

	
	Silver
	26-31
	

	
	Gold
	32-37
	

	
	Evergreen
	38+
	


9. Summary

This is a development that is transforming 50 acres of permeable native lands into impermeable areas.  The Clean Water Act require that the rainfall landing on the site be treated, contained and released into the natural environment in a controlled manner.


 To achieve this three very distinct methods were use.  The designer took a holistic approach to meet the CWA needs.  Immerging technologies were proposed, Target accepted and Costco declined.  A one method approach would not have been economically or environmentally feasible.  If all of the stormwater had to go to a retention pond more land would have had to been used and the whole site would have to been raised to accommodate drainage.  This was not acceptable to anyone.


 The design team provided the developers and owners with alternative solutions to mitigate stormwater and maximize the use of land.  The methods chosen were a combination of the best alternative available and fiscal responsibility.  In the end this is the essence of the Clean Water Act and Low Impact Development, a balance of economic and environmentally friendly solutions.
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Figure 2.1 – Location of the Project.  Marysville, Washington





Figure 6.9 – Relative Cost Comparisons





Figure 6.6 – Typical Stormwater Filter Cross Section (Dowl, 2005)





Figure 6.5 – Typical Stormwater Filter Detail (Dowl, 2005)
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Figure 5.1 – Pre-Development Conditions (PSAT, 2005)





Figure 5.2 – Post-Development Conditions (PSAT, 2005)





Figure 6.3 - Typical Porous Pavement Cross Section (Dowl, 2007)





Figure 6.4 Parking Lot Oil Build Up





Figure 6.8  - Costco Retention Pond





Figure 6.8 Costco HMA Cross Section (Dowl, 2005)





Figure 6.2 Ribbon Porous Pavement. (Dowl Engineering, 2007) 
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Figure 6.1 – Target Parking Lot 





6.7 – Filter Cartridge System at Costco.  Arrows convey slope.











PAGE  
Jeremy D. Ramberg
Case Study
June 25, 2007

2

