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DISCLAIMERS 

This manual provides information for educational and outreach purposes only, to enhance the 
sustainability of sites. Unless adopted or approved by the appropriate registered professional 
under contract, information provided is not for construction. The recommendations contained in 
this guidance should not be construed as a requirement of rule or statute, but rather as best 
available information on current practices as of 2017. The following material is provided for 
informational purposes only. Before taking any action that could have legal or other important 
consequences, speak with qualified professionals who can provide guidance that considers your 
own unique circumstances.  
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1.1 INTRODUCTION 
Sustainable and long-term solutions to stormwater management is a key element in the City of 
tƘƛƭƻƳŀǘƘΩǎ ǇǊƻƎǊŜǎǎΦ As Philomath grows to accomadate an increasing population, 
development will introduce additional impervious surface area. The presence of hardscape 
prevents groundwater recharge, increases runoff and introduces pollutants to waterways. In a 
community that values fish and wildlife along with outdoor recreation and clean drinking water, 
the aforementioned effects are troubling. Low impact development (LID) offers practical and 
aesthetically pleasing methods that address water quality and water flow issues. Intelligent 
implementation of LID in Philomath ǿƻǳƭŘ ƛƳƛǘŀǘŜ ǘƘŜ ƴŀǘǳǊŀƭ ƘȅŘǊƻƭƻƎȅ ŦƻǳƴŘ ƛƴ ǘƘŜ aŀǊȅΩǎ 
River Watershed; therefore properly managing stormwater runoff and protecting water 
resources. 

The Municipal Separate Storm Sewer System (MS4) permit requirements of the National 
Pollution Discharge Elimination System (NPDES) most recently reissued in 2010 requires the 
introduction of a LID manual. This guidance was created in compliance with the MS4 program 
and associated Total Maximum Daily Loads (TMDL) planning. 

1.2 MANUAL OBJECTIVE 
The purpose of this document is to provide detailed implementation guidance to stakeholders in 
Philomath, Oregon. Although this is a technical document, every effort has been made to write 
in accessible language so that involved parties in both the public and private sectors may 
develop more environmentally sound and cost-effective sites. This document is not meant to 
take the place of additional measures that may be needed to completely address stormwater 
and regulatory requirements.  

The presented information seeks to instruct contractors about the differences between low 
impact development and conventional stormwater approaches. Implementing a Low Impact 
Development (LID) site is similar to conventional development in many ways; however, the main 
ŘƛŦŦŜǊŜƴŎŜ ƛǎ ǘƘŀǘ ǘƘŜ ǎƛǘŜΩǎ ƴŀǘǳǊŀƭ ŀƴŘ ōǳƛƭǘ ŎƻƴŘƛǘƛƻƴǎ ŘǊƛǾŜ ŘŜŎƛǎƛƻƴǎΦ Site design should lead 
with stormwater considerations as the primary programmatic element. This document has been 
adapted by the City of Philomath to account for the natural variations in rainfall and soils, along 
with current requirements specific to the local environment. 
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1.3 MANUAL ORGANIZATION 
 

Chapter 1: An Overview of Low Impact Development outlines the use of the manual, introduces 
the concept of low impact development, defines relevant terms, documents benefits of the 
practice, introduces best management practices (BMPs) and discusses the costs of LID.  

Chapter 2: Recommended Best Management Practices provides detailed guidance for each 
BMP through the planning, design, and construction project phases, as well as BMP-specific cost 
considerations.  

Chapter 3: Sizing and Implementing LID Facilities defines a hierarchy of BMPs and provides two 
methods for sizing BMP footprints. 

Chapter 4: Operations and Maintenance includes operations and maintenance agreement 
submittals forms, which document who will be responsible for BMP maintenance. The chapter 
also addresses required maintenance activities. 

Appendix A: Site Planning Checklists is a checklist of site planning reports and specific 
information for what should be included in each report, so that the proper scope of work to 
implement LID sites is known. 

Appendix B: Infiltration Testing provides detailed information on infiltration testing, which is 
needed to implement many of the BMPs. 

Appendix C: Facility Planting Design describes important considerations when choosing plants.  

Appendix D: Material Specifications clarifies the materials specifications for a variety of 
components specified in BMPs such as gravel, compost, and impermeable liners. It also includes 
detailed specifications for constructing porous asphalt pavements. 

Appendix E: Details includes standard details for almost every BMP included in this guidance, as 
well as supporting infrastructure. 
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1.4 GLOSSARY 
 

Approved discharge point: A location where overflow from a BMP may be directed, which 

includes a surface infiltration facility; storm drain or other conveyance system; a waterway (as 

approved by the Oregon Department of State Lands), or an underground injection control 

facility (as approved by the Oregon Department of Environmental Quality). 

Bedrock: A hard, solid rock surface that may underlie fragmented/decomposed rock and soil. 

Considered an impervious surface. 

Best management practice (BMP): "A device, practice, or method for removing, reducing, 

retarding, or preventing targeted stormwater runoff constituents, pollutants, and contaminants 

ŦǊƻƳ ǊŜŀŎƘƛƴƎ ǊŜŎŜƛǾƛƴƎ ǿŀǘŜǊǎΦέ  

Cation exchange capacity (CEC): "The amount of exchangeable cations that a soil can adsorb at 

pH 7.0 expressed in terms of millequivalents per 100 grams of soil."  An adequate CEC in soil 

contributes to pollutant treatment. 

Contaminated soils: Soils at sites where contaminants have accumulated as a result of historic 

activities, not necessarily limited to industrial sites. Contaminated sites have a highly regulated 

development path with additional permitting. Coordination with the local DEQ Cleanup 

program is advised. 

Detention basin: A large depression in the ground where runoff is stored and released slowly. 

Detention basins were used to reduce flooding, but have been found to be inadequate at 

protecting downstream water quality. 

Downspout disconnection: A form of dispersion that directs a building's roof drains to a lawn or 

garden instead of into storm sewer pipes.  

Evaporation: The process of water changing from a liquid to a gas. Evaporation is a significant 

portion of the annual water cycle that reduces runoff in undeveloped and/or forested areas of 

Western Oregon. 

Evapotranspiration: The collective term for the process of water returning to the atmosphere 

via interception and evaporation from plant surfaces and transpiration through plant leaves. 

Invasive plants: Aggressive plants that outcompete native plants for water, sunlight and 

nutrients and therefore harm the environment, economy and human health. 

Impervious surface: A surface that prohibits water from soaking into the ground. Examples 

include roofs, concrete, asphalt, pavers, compacted gravel, compacted clay, plastic liners, and 

clogged landscape fabric. 
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Landslide/ landslide area: The downslope movement of rock, soil, or related debris. This term 

includes areas that already experienced a landslide and landscapes that have the potential to 

slide in the future. 

Limit disturbance BMP: Any BMP that protects a site or portion of a site in its current, natural 

vegetated state and/or protects soil permeability.  

Low impact development (LID): A pattern of land development that preserves natural 

resources and promotes opportunities to manage stormwater where it falls. LID relies on a 

collection of carefully selected techniques to reduce, receive, and clean stormwater runoff to 

protect and improve water availability and quality.  

Minimal excavation foundation BMP: A foundation type that allows groundwater to move 

freely through soil (not pipes) underneath the building (e.g. pier foundations and buildings with 

crawl spaces). 

Minimize impervious area BMP: Any BMP that reduces land area not able to infiltrate or 

evaporate rainfall or runoff as a result of being covered by buildings, roofs, and roads, parking 

lots and sidewalks. 

Mulch: Material such as compost, bark or wood chips spread on soil to retain moisture, 

discourage weeds and protect against wind and rain erosion. 

Native plants: Plants that occur historically in an area.  If planted in conditions they naturally 

occur, these plants need little or no fertilizer or care once established and provide wildlife 

habitat. 

Non-native (ornamental) plant: Plants that do not occur historically in an area, which may not 

be invasive, but also may not provide wildlife habitat. 

Mycorrhizae: The mycelium (roots) of a fungus. 

New development: Any project where the land cover is changed from a natural, pre-developed 

state into another land cover. 

Predevelopment or predeveloped condition: The naturally vegetated land cover and contour 

that would historically have been on a site. 

Porous/Pervious/Permeable: A material that allows water to pass through it. 

Post-development or post-developed condition: The land cover on a site as a result of 

development activities, which may include but is not limited to buildings, roads, sidewalks, 

ornamental, and working and protected landscapes. 
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Rainfall management: Use of BMPs to treat and reduce the volumes of stormwater leaving a 

site by infiltrating or evaporating rain that falls directly on the surface of the BMP. When rainfall 

ƳŀƴŀƎŜƳŜƴǘ .atǎ ŀǊŜ ǳǎŜŘΣ ǘƘŜȅ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άwǳƴƻŦŦ tǊŜǾŜƴǘƛƻƴ .atǎέΦ 

Redevelopment: Any project where existing land cover, which was previously developed, is 

changed to another land cover. 

Retrofit: Any project that improves water quality from an existing developed area. 

Runoff: Rainfall and snowmelt that flows off of a land surface instead of seeping into the 

ground or evaporating in the air. Runoff carries pollutants to waterways. 

Runoff management: Using BMPs to treat and reduce the volumes of stormwater leaving a site 

by infiltrating or evaporating runoff collected and/or channeled from other areas to the BMP. 

Examples of runoff management facilities include rain gardens, stormwater planters, and LID 

ǎǿŀƭŜǎΦ ²ƘŜƴ ǊǳƴƻŦŦ ƳŀƴŀƎŜƳŜƴǘ .atǎ ŀǊŜ ǳǎŜŘΣ ǘƘŜȅ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άwǳƴƻŦŦ wŜŘǳŎǘƛƻƴ 

.atǎέΦ 

Runoff treatment: Use of BMP(s) to treat runoff. 

Total Maximum Daily Load (TMDL): An analysis and written quantitative plan for attaining and 

maintaining water quality standards in a stream. It includes a calculation of the maximum 

amount of a pollutant that a waterbody can receive and still meet state water quality 

standards, allocations of portions of that amount to the pollutant sources or sectors, and a 

Water Quality Management Plan to achieve water quality standards. 

Treatment soil: A naturally occurring or engineered mix which may include clay, silt, sand, 

gravel, compost, microorganisms, and mycorrhizae that has the desired physical and chemical 

properties needed to clean stormwater as it passes through it. 

Watershed: An area of land delineated by a ridge that causes water to drain to different rivers, 

ponds, lakes, seas, or oceans. 

Wetland: An area that has surface water or saturated soils often enough to create unique soil 

characteristics that support vegetation that is adapted to inundation and saturation and lacks 

vegetation that is intolerant of inundation or saturation. 

Urbanized: Any watershed where publicly or privately owned land surfaces in a city, town, or 

rural area have been developed and cause that watershed to be 5% or more impervious.  

Underground Injection Control (UIC): A manmade structure that places fluid underground. 

Vegetated stormwater facilities: This is a general term that applies to rain gardens, stormwater 

planters, and LID swales, which are configured differently, but achieve a similar, high level 

treatment and runoff reduction through intentional temporary ponding of water.  
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1.6 LOW IMPACT DEVELOPMENT 
 

1.6.1 WHAT IS LOW IMPACT DEVELOPMENT? 

Low impact development is a pattern of land development that preserves natural resources and 
promotes opportunities to manage stormwater where it falls. LID relies on a collection of 
carefully selected techniques to reduce, receive, and clean stormwater runoff to protect and 
improve water availability and quality. LID is a stormwater and land use management strategy 
that strives to mimic pre-disturbance hydrologic processes of infiltration, filtration, storage, 
evaporation and transpiration by emphasizing conservation, use of on-site natural features, site 
planning, and distributed stormwater management practices that are integrated into a project 
design.1 
 

1.6.2 SIGNIFICANCE OF LOW IMPACT DEVELOPMENT 

There are a number of reasons to begin using low impact development. LID reduces water 
pollution, which supports the health and welfare of our communities with improved drinking 
water quality2, reduced water treatment costs3, and cleaner waterways that provide 
recreational and economic opportunities. It also reduces localized flooding during storms by 
mimicking predevelopment hydrology patterns. Additionally, LID is more cost-effective to build 
and maintain than conventional stormwater facilities such as detention basins and pipes (see 
ά1.6.5 The Cost of [ƻǿ LƳǇŀŎǘ 5ŜǾŜƭƻǇƳŜƴǘέύΦ [ƻǿ ƛƳǇŀŎǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƭǎƻ ŎǊŜŀǘŜǎ ƳƻǊŜ 
livable cities, which incorporate distributed patches of nature that reduce crime, calm traffic, 
improve the value of the land, increase sales in commercial areas, and improve cognitive 
function.4  

  

                                                           
1 University of Washington, College of Environment. Urban Forestry/Urban Greening Research. Green Cities: Good 
Health. Retrieved from : http:// depts.washington.edu/hhwb/Thm_Livable.html 
2 U.S. Environmental Protection Agency. Water: Green Infrastructure. Retrieved from: 
http://water.epa.gov/infrastructure/greeninfrastructure/gi_why.cfm  
3 Ernst, C. (2004). Protecting the Source. Retrieved from: 
http://syracusecoe.org/EFC/images/allmedia/LIBRARYProtectingtheSource_TPLAWWA2004.pdf  
4 University of Washington, College of Environment. Urban Forestry/Urban Greening Research. Green Cities: Good 
Health. Retrieved from: http://depts.washington.edu/hhwb/Thm_Livable.html  

http://water.epa.gov/infrastructure/greeninfrastructure/gi_why.cfm
http://syracusecoe.org/EFC/images/allmedia/LIBRARYProtectingtheSource_TPLAWWA2004.pdf
http://depts.washington.edu/hhwb/Thm_Livable.html
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1.6.3 BEST MANAGEMENT PRACTICES 

The EPA defines a best management practice (BMP) 
as "a device, practice, or method for removing, 
reducing, or preventing targeted stormwater runoff 
constituents, pollutants, and contaminants from 
ǊŜŀŎƘƛƴƎ ǊŜŎŜƛǾƛƴƎ ǿŀǘŜǊǎΦέ 5ŜǎǇƛǘŜ ǿƛŘŜǎǇǊŜŀŘ ǳǎe 
of ǘƘŜ ǿƻǊŘ άbest" to describe these practices, these 
practices can be ineffective if improperly applied. 
LID, by definition, uses a number of BMPs together. 
BMPs must be selected appropriately based on site 
opportunities and constraints and project 
objectives. They must also be applied during the 
appropriate phase of the project.  

BMPs may be incorporated into existing as well as 
newly built developments and redevelopments. 
Since LID includes an array of BMPs, LID is generally 
applicable on all sites and for all land use 
classification. 

BMPs are classified depending on their fundamental function. Perhaps the most significant 
distinction is whether a BMP prevents runoff in the first place (i.e. runoff prevention BMP) or 
manages runoff from existing, new, or redeveloped surfaces (i.e. runoff reduction BMP).  

Runoff prevention BMPs may be either informed decisions that protect a site or reduce the volume 

of runoff leaving a site by evaporating and/or infiltrating rainfall that falls directly on it. These 

restoration and protection practices are often employed during the early planning phase. 

Runoff reduction BMPs decrease the volume of runoff leaving a site by evaporating and/or 

infiltrating runoff directed to the BMP from another area. They tend to be engineered or highly 

designed facilities that mitigate the damage created by changing the land cover from more porous to 

more impervious. Runoff reduction strategies can be used in retrofit, redevelopment and new 

construction projects and should be considered only after all potential runoff prevention BMPs have 

been considered and applied.  

 

  

Figure 1- An example of BMPs being used 
on a university campus. A series of 
stormwater planters treat runoff from 
roofs and sidewalks. 
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1.6.4 WHY SOME BMPS ARE NOT ADDRESSED 

The stormwater management practices described below are recognized methods for addressing 
runoff in certain situations. They will not be further heeded in this manual, but may be an 
appropriate option for particular projects. If interested in implementing one of the following 
practices, contact the City of Philomath Public Works Department. 

Contained Planters & Vegetated Roofs  

Contained planters placed over hard surfaces intercept rainfall and reduce runoff through 
evaporation. Vegetated roofs are an assembly of materials that intercept rainfall and reduce 
runoff through evaporation. Both of these BMPs have the tendency to contribute nutrients (i.e. 
nitrogen and phosphorus) to the water that flows through them. An excess of nutrients in the 
water allows algae to grow faster than the ecosystem can handle, therefore leading to algal 
blooms that negatively impact water quality, food resources and aquatic life. At present, the City 
of PhiloƳŀǘƘ ƛǎ ŀ ƴǳǘǊƛŜƴǘ άǇǊƻōƭŜƳ ŀǊŜŀέΣ ǎƻ ƛƳǇƭŜƳŜƴǘƛƴƎ ŎƻƴǘŀƛƴŜŘ ǇƭŀƴǘŜǊǎ ŀƴŘ ǾŜƎŜǘŀǘŜŘ 
roofs is considered a high risk BMP choice.  

Figure 2- A map of Oregon indicating nitrogen problem areas. Philomath exists in one of the 
άŀǘ Ǌƛǎƪέ ŎƛǊŎƭŜǎΣ ŀǎ ǎƘƻǿƴ ǿƛǘƘ ŀ ǎǘŀǊΦ 
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Detention Basins  

To protect streams from high flows, regulations sometimes require the installation of large 
detention ponds. While detention ponds relieve flooding in theory, attenuating the peak flows 
from large storms, the much larger additional volumes coming from developed areas during 
small storm events can still cause ŦƭƻƻŘƛƴƎΦ ¢ƘŜǎŜ ǇƻƴŘǎ ŘƻƴΩǘ ǊŜŘǳŎŜ ǘƘŜ ƻǾŜǊŀƭƭ ǾƻƭǳƳŜ ƻf 
ǊǳƴƻŦŦΣ ŘƻƴΩǘ ǊŜŎƘŀǊƎŜ ŀǉǳƛŦŜǊǎΣ ŀƴŘ ŘƻƴΩǘ ǊŜƳƻǾŜ Ǉƻƭƭǳǘŀƴǘǎ ŀǎ ŜŦŦŜŎǘƛǾŜƭȅ ŀǎ ƻǘƘŜǊΣ ƳƻǊŜ 
affordable BMPs. Finally, detention ponds take up valuable land and can be more difficult to 
access and maintain than smaller, distributed BMPs. Additional information on detention 
facilities in the City of Philomath can be found in the Public Works Design Standards Stormwater 
Management 3.18. 

Rainwater Harvesting 

Lƴ ²ŜǎǘŜǊƴ hǊŜƎƻƴΣ ǎƳŀƭƭ ǘŀƴƪǎ ŀƴŘ Ǌŀƛƴ ōŀǊǊŜƭǎ ŘƻƴΩǘ ŎŀǇǘǳǊŜ ŀƴŘ ǎǘƻǊŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǾƻƭǳƳŜ ƻŦ 
runoff, so excess runoff volumes are allowed to scour downstream banks. Large tanks capable of 
storing significant volumes of runoff are also problematic. Due to tƘƛƭƻƳŀǘƘΩǎ seasonal rainfall 
patterns, runoff would be collected and stored for the 9 or 10 months when it should be 
evaporating back into the air or seeping into the ground to recharge streams and aquifers. Then, 
during the dry months, when our water systems should not receive water, water is applied to 
the landscape.  

Drywells 

A drywell is a well, assemblage of perforated pipes, or drain tiles that receive runoff from 
impervious surfaces and infiltrates that runoff underground5. Drywells reduce runoff flow rates 
and volumes, infiltrating it into the surrounding soils. For more information on drywells 
reference the Public Works Design Standards Stormwater Management 3.20. 

Minimal Excavation Foundations  

A foundation type that allows groundwater to move freely through soil underneath a building. 
Groundwater flows are a natural and necessary element of hydrology and the pores in the soil 
beneath a building with minimal excavation foundations provide temporary storage for rainfall 
and flowing groundwater. 

Cluster Development  

Cluster development is a BMP usually applied on a campus or subdivision scale that groups 
development on one place of the site and leaves undeveloped open space on another.  

 

  

                                                           
5 Oregon Department of Environmental Quality website. Water Quality: Underground Injection Control Program: 
Identifying an Underground Injection Control.  Available Retrieved from: 
http://www.deq.state.or.us/wq/uic/guidance.htm  
 

http://www.deq.state.or.us/wq/uic/guidance.htm
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1.6.5 THE COST OF LOW IMPACT DEVELOPMENT 

New and redevelopment projects can see reduced up-front costs. Techniques like minimizing 
impervious surfaces, building over previously disturbed areas, reducing excavation, limiting 
compaction and aligning utilities in one trench reduce construction and landscape restoration 
costs. Without considering sewer overflows, an EPA analysis of 17 private developments with 
conventional stormwater management requirements around the U.S., found that, in most cases, 
LID project costs were lower than the compared conventional solution. Total capital cost-savings 
ranged from 15-80% when LID methods were used6. aƻǎǘ ƻŦ ǘƘŜ Ŏƻǎǘ ǎŀǾƛƴƎǎ ǿŜǊŜ ŘǳŜ ǘƻ άǎƛǘŜ 
ƎǊŀŘƛƴƎ ŀƴŘ ǇǊŜǇŀǊŀǘƛƻƴΣ ǎǘƻǊƳǿŀǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎƛǘŜ ǇŀǾƛƴƎΣ ŀƴŘ ƭŀƴŘǎŎŀǇƛƴƎέ.7 

Table 1 below gives examples of typical cost-savings scenarios to developers and landowners for 
one runoff prevention and one runoff reduction BMP. 

 
Table 1- LID BMP & Cost Savings Examples 

LID Type BMP Cost Savings 

Runoff 

Prevention 

Reduce impervious 

pavement 

¶ Reduced pavement area installed. 

¶ Less runoff to be managed results in 

smaller runoff reduction BMPs. 

¶ Long-term maintenance costs like seal 

coating and replacement are reduced. 

Runoff 

Reduction 

Install distributed 

infiltration rain 

gardens instead of a 

detention basin 

¶ Rain gardens have a cost similar to 

conventional landscapes. 

¶ The space where a detention basin 

would be, becomes buildable land. 

 

Maintenance costs vary widely across different BMP and often within the same BMP with a 
different design. Maintenance activities and costs to maintain BMPs vary with siting, design, 
construction, ƻǿƴŜǊΩǎ ŀŜǎǘƘŜǘƛŎ ǇǊŜŦŜǊŜƴŎŜǎ, and approach to maintenance. One 6-year study at 
the University of New Hampshire8 compared conventional stormwater management to LID 
BMPs and found consistently lower long-term costs for maintaining LID BMPs at an 11-acre 
commuter parking lot. Researchers found that vegetated swales, porous pavement, and 
vegetated stormwater facilities were the least costly to maintain, while retention ponds and dry 
detention ponds were the most expensive. In general, maintenance of LID BMPs can range from 
4% to 8% of the capital costs while detention ponds averaged about 17%.  

                                                           
6,16 U.S. Environmental Protection Agency. (2007). Reducing Stormwater Costs through Low Impact Development 
(LID) Strategies and Practices. Retrieved from:  http://water.epa.gov/polwaste/green/costs07_index.cfm 
 
8 Houle, J., Roseen, R., Ballestro, T., Puls, T. and J. Sherrard Jr. (2013). A Comparison of Maintenance Cost, Labor 
Demands, and System Performance for LID and Conventional Stormwater Management. Retrieved from: 
http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/Houle_JEE_July-2013.pdf 

http://water.epa.gov/polwaste/green/costs07_index.cfm
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1.5 USING THIS DOCUMENT TO PREPARE A PLAN 
¢Ƙƛǎ ǎŜŎǘƛƻƴǎ ŀƛƳǎ ǘƻ ŀǎǎƛǎǘ ŀǇǇƭƛŎŀƴǘΩǎ ǇƭŀƴƴƛƴƎ ŜŦŦƻǊǘǎ as they reference the manual. These 
steps are not required, but aid in organization and preparation of stormwater management 
plans. At any time during the LID planning, designing, or construction process, you may contact 
the City of Philomath for assistance. 

Step 1 ς Layout your footprint. Prepare a site plan that details existing and proposed 
development, slopes, and waterways. If the project will be large and/or complex see the Site 
Survey Plan Checklist in Appendix A. 

Step 2 ς Inventory and evaluate the site. Site assessment includes inventorying and evaluating 
various natural resources that may pose challenges and/or opportunities for stormwater 
management and site development. A Site Assessment Checklist may be found in Appendix A. 

Step 3 ς Select Best Management Properties. Select appropriate BMPs for the site in question 
from those provided in Chapter 2.0 of this manual. 

Step 4 ς Design. Design and size BMPs using Chapters 2.0 and 3.0. Modeling is used to size BMPs 
and predict how facilities will respond to and manage stormwater, and is often performed for 
the entire site. Ensure that any proposed overflow structures direct excess stormwater to an 
approved discharge point. Approved discharge points may be drainage ditches, nearby streams, 
or existing storm drain systems. Incorporate a safe overland route in designs for all stormwater 
facilities that allows water to take a route that will not damage property in the case of a large 
storm. Confirm that all applicable permit and drawing requirements are met. 

Step 5 ς Construction. Reference Chapter 2.0 άCƻƴǎǘǊǳŎǘƛƻƴέ ǎŜŎǘƛƻƴǎ of relevant BMPs. If 
guidance conflicts with standard industry practice, the contractor should consult with the design 
team and find acceptable means to implement facilities so its long-term function is achieved. 

Step 6 ς Develop an Operation & Maintenance Plan. Landowners are responsible for on-going 
operation and maintenance of BMPs. Outline an appropriate Operation & Maintenance Plan as 
detailed in Chapter 4.0. All BMPs and contributing drainage areas should be maintained to 
protect water quality and maximize function as follows: 

¶ Maintain BMPs and sites with integrated pest management using little to no herbicides, 
pesticides, or fertilizers. Avoid spraying any pest management products on impervious 
surfaces. 

¶ Maintain plants with little to no irrigation after establishment to conserve water and 
reduce weeding. 

¶ Encourage vegetation to grow and become dense. Unless flows into the facility are 
blocked, vegetation doesn't need to be thinned. Preferably, plants are allowed to grow 
tall since this will encourage root penetration into native soils increasing the infiltration 
rate of the facility over time.9  

                                                           
9 Conversation with Tom Liptan on a tour 
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2.1 CRITERIA FOR CHOOSING BMPS 
Many BMPs in this guidance are suitable for a variety of conditions. The BMP Suitability 
Matrix, Table 2 should be especially useful during planning to help identify the appropriate 
best management practices for your situation. The matrix includes a relative measure of 
water quality treatment and protection effectiveness (high, medium, or low) and predicted 
ease of implementation (1, 2, or 3). DELETE DRYWELL FROM TABLE 
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The following elaborates on the categories of the BMP Suitability Matrix: 

BMP Suitability for Water Quality. Each BMP addresses water quality on-site; downstream 
water quality can be improved by reducing runoff volumes that cause excess streambank 
erosion. 

BMP Suitability for Water Quantity. Most BMPs will reduce runoff to some extent; however, 
some are far more effective than others. If a BMP has received a mark in the BMP suitability 
ǘŀōƭŜ ǳƴŘŜǊ άCƭƻƻŘ /ƻƴǘǊƻƭέΣ ǘƘŜƴΣ ǿƘŜƴ ƛƳǇƭŜƳŜƴǘŜŘ ǇŜǊ ǘƘŜ ƎǳƛŘŀƴŎŜ ǇǊƻǾƛŘŜŘ ƘŜǊŜΣ ƛǘ ǎŜǊǾŜǎ 
as a substitute for a detention basin for the drainage area it manages. 

BMP Suitability for Challenging Site Conditions. Some sites are not suitable for infiltration of 
runoff. These sites may be challenged by steep slopes (which are prone to landslides); seasonal 
or permanent high groundwater tables; shallow bedrock (where runoff has insufficient soil voids 
to flow into); inadequate setbacks (where infiltrated water could flood a nearby structure); 
and/or contaminated soils (where infiltrated water could mobilize contaminants). Contaminated 
sites are sites where hazardous chemicals have accumulated in the soil as a result of historic 
activities. On a site with polluted soils, stormwater should not be infiltrated into the ground to 
protect groundwater. When the site history does not include industrial activity or known spills, it 
is not necessary to test for soil contamination in areas planned for infiltration. But if staining, 
discoloration, or unusual odors are noted when soil is disturbed, consulting with DEQ prior to 
completing work on an infiltration facility is advised. Meanwhile, slow draining soils are not 
automatically a barrier to infiltration, but will make runoff management facilities, like rain 
gardens larger, which may lead to inadequate setbacks.  

BMP Suitability by Drainage Area. Each BMP may be applied to a certain stormwater runoff 
surface. 

BMP Suitability by Land Use. There are many appropriate land uses/zoning classifications where 
LID can and has been implemented in Oregon, including residential, institutional, and public 
right-of-way.  

BMP Suitability by Development Type. Implementation of BMPs is often similar regardless of 
whether it is being used in a retrofit, redevelopment or new development, although site 
preparation can vary tremendously. For example, in a retrofit situation, replacing existing 
impervious pavement with a porous pavement will require some soil restoration techniques or 
additional excavation to reach a layer of soil that has not been compacted.  Where 
implementation considerations are different by development type, this has been noted in the 
detailed guidance for BMPs that follows. 
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2.2 MINIMIZE IMPERVIOUS AREAS BMPs 
Minimizing impervious pavement on sites reduces runoff by replacing what is, or would be, 
impervious, with a better draining land cover. Thoughtful site design can reduce the amount of 
impervious surface to no more than what is necessary, both preserving open ground and 
reducing construction costs. Opportunities to limit disturbance by reducing impervious areas 
exist for a variety of different land uses. 

These BMPs include: 

1. Share Parking Spaces BMP 

2. Minimize Pavement Widths BMP 

3. Minimize Front Setbacks BMP 

4. Share a Driveway BMP 

5. Minimize Building Footprints BMP 

6. Minimize New Pavement BMP  

 

Cost Considerations (Common to all BMPS) 

In new developments, minimizing impervious pavement offers cost-savings or, at least, requires 
no additional expenditures. Developers save money twice. For every square foot of pavement 
ǘƘŜȅ ŘƻƴΩǘ ōǳƛƭŘΣ ǘƘŜȅ ǎŀǾŜ ƳƻƴŜȅ ƻƴ ŜȄŎŀǾŀǘƛƻƴ ŀƴŘ ƎǊŀŘƛƴƎ ƻǇŜǊŀǘƛƻƴǎΣ ŎƻƳǇŀŎǘƛƻƴΣ ƳŀǘŜǊƛŀƭǎΣ 
and labor. 

 

2.2.1 SHARING PARKING SPACES 

In commercial districts, it may be possible to share parking with another organization that has 
different peak hour use from your land use (e.g. a church and movie theater). Refer to the City of 
Philomath City Code 18.75.03.C.04 for information on sharing parking spaces. 

 

2.2.2 MINIMIZE PAVEMENT WIDTHS 

Siting 

Minimized pavement widths may be appropriate for private and public roadways, parking lots, 
and sidewalks. 

Design 

Ensure that all appropriate permits are obtained (appendix ). When designing paved areas, do 
not exceed the minimum parking area dimensions described in the Philomath Municipal Code 
18.75.03(E) or the pavement width guidelines in PWDS 2.11. 
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Land Use Min. Sidewalk Width Min. Roadway Width Min. Driveway Width 

Residential 
5 ft 18 ft 14 ft 

Institutional, 
Commercial 

5 ft 18 ft 20 ft 

Industrial 
5 ft 18 ft 24 ft 

Table 3- minimum pavement widths 

 

2.2.3 MINIMIZE FRONT SETBACKS 

The closer a building is to the street, the shorter the 
driveway and sidewalk to it. The greater the setback the 
less street noise. This is sometimes addressed with 
architectural design to place noise sensitive rooms, such as 
bedrooms, away from the street, or by using berms or other 
sound insulating approaches10. 

 

 
 

 

2.2.4 SHARE A DRIVEWAY 

In some cases, sharing a driveway with your neighbor, 
especially for buildings far from the road can be very 
effective. The driveway may be owned by one party and 
the adjoining property owner is granted an access 
easement or a portion of the driveway is owned by both 
parties and they grant each other an access easement. 
While the graphic below refers to two residences the 
practice of sharing driveways and parking areas could apply 
to other land uses too. 

                                                           
10 Federal Highway Administration guidance, document. The Audible Landscape for Retrieved from: 
https://www.fhwa.dot.gov/environment/noise/noise_compatible_planning/federal_approach/audible_landscape/
al04.cfm  

Figure 3- Exceeding required 
setbacks generates additional 
paved sidewalks and driveways. 

 

Figure 4- Share a driveway. 

https://www.fhwa.dot.gov/environment/noise/noise_compatible_planning/federal_approach/audible_landscape/al04.cfm
https://www.fhwa.dot.gov/environment/noise/noise_compatible_planning/federal_approach/audible_landscape/al04.cfm
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2.2.5 MINIMIZE BUILDING FOOTPRINTS 

A two-story house is better for the watershed than a ranch 
style house of the same total square footage. While many 
conventional houses are built with a two story footprint 
that encompasses the entire allowable building area within 
the defined setbacks, small and tiny houses are gaining 
popularity both for their affordability and energy efficiency. 
Zoning codes dictate the maximum height of buildings. This 
practice may not be suitable for physically challenged 
residents. This BMP may also apply to land uses other than 
residential. 
 

2.2.6 MINIMIZE NEW PAVEMENT  

On many public roads and private property, areas of pavement were paved as a convenience for 
the asphalt installer, but are not really needed or used by cars or pedestrians. Consider this 
when laying out paved areas. 
  

Figure 5- Go up, not out, with 
your floor plan. 
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2.3 LIMIT DISTURBANCE BMPS 
These best management practices limit disturbance in areas of the site that don't need to be 
altered. When land is in an undisturbed well-vegetated condition, the vegetation and soil work 
together to capture almost all rainfall and reduce runoff through infiltration and evaporation. 
Unnecessarily clearing vegetation or disturbing soils will greatly impact this balance and affect 
the long-term habitat value of downstream waterways and overall watershed health. 

There are a variety of opportunities to limit disturbance during the planning, design and 
construction phases of development; limit disturbance BMPs include: 

1. Construction Sequencing BMP 

2. Conserve Fast Draining Soils BMP 

3. Tree Protection and Planting BMP 
 

2.3.1 CONSTRUCTION SEQUENCING 

Construction sequencing represents a specified work schedule that coordinates the timing of 
land-disturbing activities and the installation of erosion prevention and sediment control (EPSC) 
measures. Throughout construction, appropriate erosion prevention and sediment control 
measures are implemented per the Oregon Construction Stormwater Erosion and Sediment 
Control Manual11. The goal is to prevent erosion and control sediment by minimizing the extent 
of cleared land at one time and to install EPSC measures before land clearing begins.12.  

Siting 

Construction sequencing might be used throughout any site large enough that some cleared 
ŀǊŜŀǎ ƻŦ ǘƘŜ ǎƛǘŜ ǿƻǳƭŘ ōŜ άƻǇŜƴέ ǿƛǘƘƻǳǘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀŎǘƛǾƛǘȅ ŦƻǊ ƳƻǊŜ ǘƘŀƴ ŀ ƳƻƴǘƘ ŘǳǊƛƴƎ 
the rainy season from September to early July.  

Design 

Design could be impacted by array of construction considerations, for example, when materials 
can be delivered or where and how they can be stored on-site. Consider the following elements 
of this BMP during planning and design phases and communicate this information on the 
construction/bid/permit set. If the site is over 1 acre, a construction sequence narrative and 
other related information must be included on the 1200C permit drawings. 

Phase disturbances. Construction site phasing involves disturbing only a portion of the site at a 

                                                           
11 Oregon Department of Environmental Quality. Water Quality Permit Program. Erosion and Sediment Control. 
Retrieved from: 
http://www.deq.state.or.us/wq/wqpermit/docs/general/npdes1200c/ErosionSedimentControl.pdf 
 
12 Smolen, M.D., Miller, D.W., Wyall, L.C., Lichthardt, J., and A.L. Lanier. (1988.). Erosion and Sediment Control 

Planning and Design Manual. North Carolina Sedimentation Control Commission; North Carolina Department of 
Environment, Health, and Natural Resources; and Division of Land Resources, Land Quality Section, Raleigh, NC. 

http://www.deq.state.or.us/wq/wqpermit/docs/general/npdes1200c/ErosionSedimentControl.pdf
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time to prevent erosion from areas where no work will take place in the near future. Grading 
activities and construction are completed and soils are stabilized on this portion before grading 
and construction begin in another area. When phasing construction activities, the following 
should be kept in mind: runoff is managed separately in each phase, water and sewer 
connections are accommodated, completed downhill phases are protected, and wet weather 
erosion prevention and sediment control techniques are incorporated if excavation cannot be 
scheduled for the dry season. 

Minimize grading. In general, grading should be minimized. Design proposed site improvements 
to work with existing grades, as much as possible. If buildings are proposed, this may mean 
working with that designer to step building foundations.  

Cut and fill grading activities should be coordinated and, if possible, conducted during the dry 
season, to minimize the movement and storage of soils on, off, and around the site. Keeping 
soils in-place for as long as possible protects the quality and infiltration rate; thereby reducing 
runoff during and after construction. It also reduces long-term maintenance effort and costs. 

Develop a schedule. Construction sequencing schedules should address proposed EPSC 
measures, when they will be implemented and their compatibility with the general contract 
construction schedule. 

Delineate staging and stockpile areas. This is critical for protecting vegetation and soils. The 
designer and contractor would ideally collaborate on this plan during the design phase. The 
contractor should share this plan with the team, especially subcontractors. Stockpiling areas, the 
haul road, and other construction equipment such as site trailers should be located in the 
footprints of demolished infrastructure or areas of future disturbance. Sensitive areas and tree 
canopies need to be fenced off. 

Construction 

Depending on the project type, the sequence of construction events is often as follows: 
1. Preconstruction meeting. Hold a preconstruction meeting to explicitly review the construction 

sequence, identification of no-work and restricted work areas, and the erosion and sediment 

control plans. 

2. Fencing. Place fencing around areas to be protected. Fencing off areas can effectively limit 

disturbance. Fence off: 

¶ Sensitive areas such as wetlands, floodplains, riparian areas, habitat conservation areas, 

steep slopes, etc.  

¶ The critical root zone of trees (see 2.4.2) 

¶ Future infiltration facility areas where rain gardens, stormwater planters, LID swales, 

vegetated filter strips, or porous pavement may be located. 

¶ Any other areas not proposed for improvements 

1. Build construction access, entrance to site, construction routes, and areas designated for 

equipment parking. 

2. Protect bare soil. As soon as construction begins, stabilize any bare areas with straw, compost, 

gravel and/or temporary vegetation. 

3. Install sediment traps and barriers, basin traps, outlet protection. 
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4. Runoff control diversions, perimeter dikes, water bars, outlet protection. Install key practices 

after installing principal sediment traps and before land grading. Install additional runoff control 

measures during grading. 

5. Runoff conveyance system, stabilize stream banks, storm drains, channels, inlet and outlet 

protection, slope drains.  

6. Land clearing and grading, site preparation (cutting, filling, and grading, sediment traps, barriers, 

diversions, drains, surface roughening). Implement major clearing and grading after installing 

principal sediment and key runoff-control measures, and install additional control measures as 

grading continues. Clear borrow and disposal areas as needed, and mark trees and buffer areas 

for preservation.  

7. Surface stabilization, temporary and permanent seeding, mulching, sodding, riprap, shredded 

wood chips. Apply temporary or permanent stabilizing measures immediately to any disturbed 

areas where work has been either completed or delayed. Permits may have explicit duration 

limits for unprotected ground that is not being actively worked on. 

8. Building construction, buildings, utilities, paving. During construction, install any erosion and 

sedimentation control measures that are needed. 

9. Landscaping and final stabilization, top-soiling, trees and shrubs, permanent seeding, mulching, 

sodding, riprap. This is the last construction phase. Stabilize all open areas, including borrow and 

spoil areas, and remove and stabilize all temporary control measures. 

Cost Considerations 

Construction sequencing is a low-cost measure because it requires a limited amount of a 
contractor's time to provide a written plan for coordinating construction activities and 
management practices while protecting them from potential permit violation fines.  

Traffic easily compacts soils. If future natural areas are compacted, establishing vegetation can 
be more difficult. For the owner, this means higher maintenance costs for landscaped areas 
because they'll need more irrigation and will be more susceptible to diseases. For the 
watershed, extra irrigation can be an unnatural source of summer stream flows and means that 
more pesticides, fertilizers, and herbicides are likely to be used by the landowner, subsequently 
entering the waterways. 
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2.3.2 CONSERVE FAST DRAINING SOILS 
This BMP strategy places impervious surfaces on the slower draining areas of a site. Faster 

draining soils are left open to the sky to manage rainfall more efficiently than slow draining soils, 

therefore preventing runoff. Runoff reduction BMPs are strategically positioned on fast draining 

soils. 

Siting 

9ȄƛǎǘƛƴƎ ǎƻƛƭ ƻǊ ƎŜƻƭƻƎƛŎ ƳŀǇǎ ŀǊŜ ƻŦǘŜƴ ǳǎŜŘ ƛƴ ǘƘŜ ǇƭŀƴƴƛƴƎ ǇƘŀǎŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎƛǘŜΩǎ 
ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƴŦƛƭǘǊŀǘƛƻƴΤ ƘƻǿŜǾŜǊΣ ǘƘŜǎŜ ƳŀǇǎ ŘƻƴΩǘ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ŀǘ ǘƘŜ ǎƛǘŜ 
scale. Infiltration testing is the best way to identify faster draining soils. To discover the areas of 
fast draining soils, multiple areas throughout the site should be tested for the infiltration rate. 
Infiltration testing is outlined in Appendices B and C. 

Design 

Once the location of fast draining soils have been identified and mapped, establish landscape 
areas in faster draining soils. Place impervious surfaces such as roads, roofs, and sidewalks on 
slower draining soils.  

To reduce the size of vegetated infiltration facilities such as rain gardens, stormwater planters, 
and LID swales, locate them in the landscape areas with soils that drain quickly (up to 12 
inches/hour). If an area drains faster than 12 inches/hour, the water quality treatment capability 
of the facility is less, so plan to amend or replace those soils. (See Chapter 2.5.2 and Appendix D: 
{ǇŜŎƛŦƛŎŀǘƛƻƴǎ ά¢ǊŜŀǘƳŜƴǘ {ƻƛƭέ ŦƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΦύ  

Construction 

Fence off areas of fast draining soils that do not need to be accessed by equipment. Regardless 
ƻŦ ǘƘŜ ǎƛǘŜΩǎ ǾŀǊƛƻǳǎ ƛƴŦƛƭǘǊŀǘƛƻƴ ǊŀǘŜǎΣ ŎƻƴǘǊŀŎǘƻǊǎ ǎƘƻǳƭŘ ǘŀƪŜ ƎǊŜŀǘ ŎŀǊŜ ǘƻ ƭƛƳƛǘ ŎƻƳǇŀŎǘƛƻƴ ƛƴ 
any future landscape areas (see !ǇǇŜƴŘƛȄ .Υ .at LƳǇƭŜƳŜƴǘŀǘƛƻƴ /ǊƛǘŜǊƛŀΣ ά/ƻƴǎǘǊǳŎǘƛƻƴέ). 

Contractors should choose equipment that reduces loads transferred through the soil. Light 
equipment, track equipment and vehicles with floatation tires are preferred. 

On infiltration areas or areas identified as fast draining soils, avoid blade grading, working 
instead from outside the infiltration footprint.  

Cost Considerations 

Protecting soils from compaction is likely to save money in maintenance costs. For infiltration 

facilities, a faster infiltration rate will result in a smaller facility, which means up-front cost 

savings for the developer. 
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2.3.3 TREE PROTECTION 

Protecting individual and groves of trees can help maintain existing hydrology and water quality 
functions. Preserving groves often provides greater economic and environmental benefit than 
preserving individual trees; however, both are beneficial. 

Construction around trees can be difficult, but protecting trees reduces site preparation and 
grading costs while decreasing long-term tree maintenance and replacement costs. The 
presence of trees aids in retaining runoff and dissipating runoff energy, ultimately lowering 
stormwater temperatures. Trees also provide immediate aesthetic and economic benefits.  

Siting  

Forest Remnants and Stands. Stands, groves, or patches of the native 
Pacific Northwest forests that previously covered the area are often 
found in urban or urbanizing areas.  

High tree densities with an undisturbed understory are some 
characteristics of a high-quality forest remnant worth preserving 
(Figure 4). An excellent stand to protect has the following 
characteristics: 
Trees structurally support one another. 

Soil remains undisturbed. 

Wildlife uses are relatively unimpaired. 

Shady microclimate. 

Natural forest succession continues and forest regeneration is ongoing. 

Ecological functions are relatively unimpaired. 

Individual Trees. When planning to protect individual trees, plan to 
protect trees located on adjacent property, including those portions of the roots, trunk, and 
crown growing into or over the developing property. Evaluate existing on-site trees and protect 
the healthiest, largest trees.  

Design 

Unless an arborist report indicates otherwise, plan infrastructure outside the Critical Root Zone 
(CRZ). The International Society of Arboriculture (ISA) defines the critical root zone as an area 
equal to 1-Ŧƻƻǘ ǊŀŘƛǳǎ ŦǊƻƳ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ ǘǊŜŜΩǎ ǘǊǳƴƪ ŦƻǊ ŜŀŎƘ м ƛƴŎƘ ƻŦ ǘƘŜ ǘǊŜŜΩǎ ŘƛŀƳŜǘŜǊ ŀǘ 

4.5 feet above grade. A ǘǊŜŜΩǎ ŘǊƛǇƭƛƴŜ may also be used to estimate the CRZ 
(Figure 5). We recommend that you evaluate both of these and choose 
whichever provides the larger CRZ. 

Forest Remnants and Stands. Forest remnants and stands should be 
designed so that a fence line around the CRZ on every site plan is displayed. 
Stury materials should be used for the fence, such a cyclone fencing. Refer 
to an arborist report to identify trees and vegetation to be avoided during 

Figure 6- A stand to 
protect. Reproduced 
with permission by the 
city of Chattanooga. 

Figure 7- Using the dripline to estimate the CRZ. 
Adapted with permission from the City of Chattanooga. 
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construction. 

Individual Trees. Individual trees are primarily protected in the design phase by developing a 
thoughtful and informed grading plan. Grade changes within the CRZ, where possible, should be 
avoided to prevent serious damage or death to a tree. When raising the existing grade, avoid or 
minimize fill within the CRZ, which smothers roots.  Never place fill against the tree trunk. When 
lowering the existing grade, do not expose or damage large amounts of root.  Removing 1 to 2 
inches of soil normally will not affect a tree adversely.  

 

Trees that are within 10 feet of the proposed building or structure, trees that cannot be 
adequately protected, and trees that are significantly wounded should be removed. 

 

Standard Details. See standard details [BMP 11.01, 11.02, and/or 11.03] to include applicable 
details in construction documents. These are available in [pdf, jpg, and AutoCAD dwg format]. 

Construction 

Forest Remnants and Stands. To protect forest remnants and stands during construction, fence 
the entire stand, grove, or patch, to protect understory vegetation and soil as well as trees. 
Unless directed by an ISA certified arborist, do not apply fertilizers, pesticides, or irrigation. 
Isolated single, tall, spindly trees do not need to be retained.  

Individual Trees. To protect individual trees during construction: 
Erect barriers or sturdy fencing around individual trees to define and protect CRZs before construction 

begins. 

Never place any fill or organic materials directly against the tree. 

Never compact the soil within the CRZ. 

Protect high-value trees with stem, branch, and root padding or wraps in addition to fencing around the 

CRZ. Protect the trunks of high-value trees from scraping and gouging to a height of at least 8 feet. 

Establish one access route into the site and one exit route out of the site outside of the CRZ. 

Do not trench through the CRZ of protected trees. Alter routes of underground infrastructure or tunnel 

or bore at least 18 inches beneath CRZs to install utility lines. 

Where tree roots must be cut, make only sharp, clean cuts to promote root callusing and regeneration. 

Spread 2 to 3 inches of mulch over the exposed root area to prevent soil erosion, reduce moisture loss, 

and keep soil temperatures lower.  

Prune roots according to the arborist report to reduce pruning stress when lowering grades. 

Prune exposed jagged roots back to the point of emergence from the soil using a handheld pruner or 

pruning saw to make sharp, clean cuts. 

 

Cost Considerations 

Protecting trees can incorporate additional costs and effort throughout the development 
process. In addition to many social and environmental benefits, trees provide positive cost 
benefits to a variety of land uses that may offset some or all of the implementation costs. 
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ά²ƘƛƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ŏƻǎǘǎ Ŏŀƴ ōŜ ƎǊŜŀǘŜǊ ŦƻǊ ƭƻǘǎ ǿƘŜǊŜ ǘǊŜŜǎ ǿŜǊŜ ǇǊŜǎŜǊǾŜŘ όрΦр҈ ƛƴ ƻƴŜ ǎǘǳŘȅ13), 

additional costs can be recovered through higher sales prices and faster sales for houses on wooded 

ƭƻǘǎέ14. 

Trees reduce air conditioning needs for building owners and operators15. 

Larger street and yard trees can add from 3% to 15% to home values throughout neighborhoods16. 

Homes adjacent to naturalistic parks and open spaces are valued at 8-20% higher than comparable 

ǇǊƻǇŜǊǘƛŜǎΣ ǿƛǘƘ ǘƘŜ ǇƻǎƛǘƛǾŜ ǇǊƛŎŜ ŜŦŦŜŎǘ ŘŜŎƭƛƴƛƴƎ ǘƻ ƴŜŀǊ ȊŜǊƻ ŀōƻǳǘ ѹ ƳƛƭŜ ŀǿŀȅΦέ17 
 

2.4 PREVENT RUNOFF BMPs 
These best management practices are used to control stormwater discharge by restoring a site a 
site so that it better resembles its natural hydrological state. These methods include: 

1. Restored soil 

2. Tree planting 

3. Depaving existing pavement 

   

2.4.1 RESTORED SOIL 

The practice of amending disturbed soils (i.e., any soil in a populated area) is a simple, cost-
effective practice for restoring and preserving the long-term permeability of soils compacted by 
traffic. The practice also conserves water and reduces pesticide, herbicide, and fertilizer use. Soil 
health is a key element of watershed health18,19; however, soils at developed sites are highly 
impacted. Loss of topsoil and compaction can be addressed by restoring soil quality.  

Compaction reduces soil voids, reducing permeability.  Restoring soil to a healthy condition is 

                                                           
13 Hardie, I., and C. Nickerson. 2004. The Effect of a Forest Conservation Regulation on the Value of Subdivisions in 
Maryland. WP 03-01 (Revised). Department of Agricultural and Resource Economics, University of Maryland, 
College Park, 35 pp. 
14 Seila, A.F., and L.M. Anderson. 1982. Estimating Costs of Tree Preservation on Residential Lots. Journal of 
Arboriculture 8:182-185. 
15 9t! όнллуύΦ άwŜŘǳŎƛƴƎ ¦Ǌōŀƴ IŜŀǘ LǎƭŀƴŘǎΥ /ƻƳǇŜƴŘƛǳƳ ƻŦ {ǘǊŀǘŜƎƛŜǎέ wŜǘǊƛŜǾŜŘ ŦǊƻƳΥ 
http://www2.epa.gov/heat-islands/heat-island-compendium 
16 Wolf, K.L. 2007 (August). City Trees and Property Values. Arborist News 16, 4:34-36. 
17 University of Washington, Urban Forestry/Urban Greening Research. Green Cities: Good Health. Retrieved from: 
http://depts.washington.edu/hhwb/Thm_Economics.html  

18 EPA. (2011). Evaluation of Urban Soils: Suitability for Green Infrastructure or Urban 
Agriculture. EPA Publication No. 905R1103. Retrieved from: 
http://water.epa.gov/infrastructure/greeninfrastructure/upload/Evaluation-of-Urban-Soils.pdf 
19 USDA NRSC. (2005). Urban Soil Primer: For homeowners and renters, local planning boards, property managers, 
students, and educators. Retrieved from: 
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052835.pdf  

http://depts.washington.edu/hhwb/Thm_Economics.html
http://water.epa.gov/infrastructure/greeninfrastructure/upload/Evaluation-of-Urban-Soils.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052835.pdf
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important because20: 
¶ Plant establishment depends ƻƴ ǊƻƻǘǎΩ ŀŎŎŜǎǎ ǘƻ ŀƛǊ ŀƴŘ ǿŀǘŜǊ ƛƴ ǎƻƛƭ ǾƻƛŘǎΦ ¢Ƙǳǎ ŎƻƳǇŀŎǘƛƻƴ 

results in unhealthy plants by leading to diseased leaves, poor or no flowering, or even early 

death. Landowners often respond to unhealthy plants by applying pesticides, herbicides, 

fertilizers and additional irrigation, which increases runoff pollution.  

¶ Rain falling on compacted soil can no longer be absorbed and conveyed downward into the soil, 

but instead runs off, carrying pollutants with it. In fact, out of a number of different land uses, 

lawns are the most likely to export sediment to waterways. This is significant, because many 

pollutants attach to sediment and sediment is a pollutant itself. 

Siting 

With a few exceptions noted below, restored soils should be used anywhere soils have been 
disturbed and where a future landscape area is proposed. Any soil texture will benefit from 
compost amendment, but sites with clay will benefit the most. Soil restoration should not be 
performed within sensitive areas or on slope greater than 2:1. Avoid performing soil restorations 
over utilities with any material that may be less than 12 inches deep. 

Design 

Grading plans should show a 5% minimum slope away from buildings for a distance of 10 feet in 
landscape areas to ensure adequate drainage during large storms, which are expected to 
generate high volumes of runoff.  

Incorporate Organic Matter Compost. For all proposed landscape areas in the disturbed area, 
specify compost to be tilled into the top few inches of native soils. The ideal organic content is 
10% for landscaped beds. A lower target rate for turf areas of 5% is recommended since a higher 
organic content could make mowing more difficult. (See !ǇǇŜƴŘƛȄ 5 ά{ǇŜŎƛŦƛŎŀǘƛƻƴǎέΣ άhǊƎŀƴƛŎ 
aŀǘǘŜǊ /ƻƳǇƻǎǘέΦύ 

Construction  

Like all stormwater management facilities, special care must be taken to properly construct 
BMPs. See !ǇǇŜƴŘƛȄ .Υ .at LƳǇƭŜƳŜƴǘŀǘƛƻƴ /ǊƛǘŜǊƛŀΣ ά/ƻƴǎǘǊǳŎǘƛƻƴέΣ άtǊƻǘŜŎǘƛƴƎ tŜǊƳŜŀōƛƭƛǘȅέ 
for specific steps that should be taken on every LID project.  

Amending soils should happen at the end of construction or at least at the completion of 
concrete work. Soil moisture will ideally be lower than 50% of field capacity, at the time of 
amendment21. 

                                                           

20 Center for Watershed Protection (CWP). (1999.). Diazinon sources in runoff from the San 
Francisco Bay region. Technical Note 106. Watershed Protection Techniques 3(1): 613-616, and 
Schueler, T. 1995a(1995). Nutrient movement from the lawn to the stream. Watershed 
Protection Techniques 2(1): 239-246. 
21 USDA NRCS. Deep Tillage. Conservation Practice Standard, Code 324. (2011). Retrieved from: 
http://efotg.sc.egov.usda.gov/references/public/OR/324std_OR-Jan11.pdf  

http://efotg.sc.egov.usda.gov/references/public/OR/324std_OR-Jan11.pdf
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The following guidance is a method that can safely 
and easily be applied, without calculations or lab 
testing, to all soils. To amend proposed gardens: 

1. Till or scarify soil 12 inches deep. 

2. Place 3 inches of compost and till into 5 inches of 

soil (a total amended depth of about 9.5 inches, 

for a settled depth of about 8 inches).  

3. Rake beds smooth and remove surface rocks 

larger than 2 inches in diameter. 

4. Mulch planting beds with 2 ς 3 inches of organic 

mulch. 

5. Install plants. 

6. Water plants 

To amend proposed turf areas that will be mowed:  
2. Till or scarify 12 inches deep. 

3. Place 1.75 inches of composted material and till into 6.25 inches of soil. 

4. Water or roll to compact to 85% of maximum dry density.  Rake level, and remove surface woody 

debris and rocks larger than 1 inch diameter.  

5. Install plants or seed. 

6. Water plants or seed. 

Protect areas from compaction by heavy equipment with fencing and signage. Apply appropriate 
erosion prevention and sediment control techniques, as appropriate, until landscape stabilizes 
the soil, usually in 3-6 months, but more time may be required depending on the vegetation and 
the time of year. 

 

2.4.2 TREE PLANTING 

New trees are often required for a variety of reasons during the development process, for 
example, to screen conflicting uses, improve livability and health, reduce energy demand 
όǿƛƴŘōǊŜŀƪǎ ŀƴŘ ǎƘŀŘƛƴƎύΣ ƻǊ ǘƻ ŜȄǇǊŜǎǎ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ƘƛǎǘƻǊƛŎŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ƛŘŜƴǘƛǘȅΦ ¢ǊŜŜǎ ŀƭǎƻ 
provide important water quantity regulation and water quality treatment benefits. The benefits 
of new trees are often small when first planted and accrue over time. Proper tree planting, using 
the following guidance, is essential to long-term tree survival, health, and safety. 

Siting  

Plant trees where they have plenty of room to grow to maturity. Make sure there is now, and 
will be at tree maturity, adequate clearance from overhead utility lines, pedestrian and vehicular 
traffic, buildings, signs, street lights, and any other permanent infrastructure, as well as sight 
lines at intersections. Refer to the Philomath Arboricultural Specifications Manual for more 
information on locating trees. 

Provide trees with adequate soil volume for tree growth and stability. Recommended volumes 
provide 2 cubic feet of soil volume for each square foot of mature canopy in conjunction with an 

Figure 8- Lawn or garden, the same cross 
section of loosened and amended soils 
applies. 
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adequate soil depth22. While tree root depths vary with species, a general minimum depth is 3 
feet. If planting a street tree, refer to both the Philomath Municipal Code 18.70.040 and the 
Philomath Arboricultural Specifications Manual for guidance on planting requirements. 

Design 

Site Design to Achieve Adequate Soil Volume for Constrained Spaces. When planted in spaces 
with inadequate soil volume, many trees will push up the surrounding pavement to access air 
and water, causing expensive damage. To prevent future damage, for tree planting in locations 
with no new development planned, choose long linear areas that are at least 4 feet wide and 30 
feet long. Since most existing tree pits are much shorter than this, special design consideration 
may be required for trees in redeveloped constrained spaces. 

On new and redevelopment projects, to achieve the recommended soil volume and depth, 
provide a long linear area where soil may be shared by multiple trees. Provide multiple root 
paths underneath sidewalks and other narrow pavement areas that have soil on the opposite 
side of the pavement where the mature canopy is projected to grow. 

 
Figure 9- Open soil areas can be continuous or separated by pavement. Open soil areas can be 
planted with groundcover, ornamental plants or grass, or covered with mulch as shown in the 
images above. Photos courtesy of Casey Trees. 

Tree Selection. To maximize stormwater value, consider using evergreen trees, which actively 
manage stormwater in the winter, instead of deciduous trees. 

Using the following guidance to select trees for your site: 
Select a tree with a 1.5 inch caliper. 

Select the right plant for the right place. Refer to the City of Philomath Tree List. For sites with overhead 

utility lines, choose a tree species whose maximum height at maturity will be less than the height of the 

overhead utility line. Additionally, see Appendix E: Planting Specifications for more information on 

choosing the best kind of tree for your site. 

Use a diversity of tree species and varieties to build resilience to such common challenges as pest or 

disease infestation and to add visual interest. 

Standard Details. See standard details [BMP 10.01, 10.02, 10.03, and/or 10.04] to include 

                                                           
22 Lindsey, P. and N. Bassuk. (1991). Specifying Soil Volumes To Meet The Water Needs Of Maturing Urban Street 
Trees And Trees In Containers. Journal of Arboculture. 17(6):141-149. Retrieved from: 
http://www.hort.cornell.edu/uhi/research/articles/JArb17(6).pdf 

http://www.hort.cornell.edu/uhi/research/articles/JArb17(6).pdf
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applicable details in construction documents. These are available in [pdf, jpg, and AutoCAD dwg 
format]. 

Construction 

Site Preparation. The following guidance should be used to plant any tree, regardless of how 
adequate soil volume is provided: 
Call your local utility locate service ς dial 81123 ς before digging. Always have utilities located prior to 

installing trees on any site. 

.ǊŜŀƪ ǳǇ ŎƻƳǇŀŎǘŜŘ ǎƻƛƭǎ ƛƴ ŀƴ ŀǊŜŀ р ǘƻ мл ǘƛƳŜǎ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ ƴŜǿ ǘǊŜŜΩǎ Ǌƻƻǘ ōŀƭƭ ƻǊ ŎƻƴǘŀƛƴŜǊΦ 

Dig a planting hole thaǘ ƛǎ ŀǘ ƭŜŀǎǘ ǘǿƛŎŜ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ ƴŜǿ ǘǊŜŜΩǎ Ǌƻƻǘ ōŀƭƭ ƻǊ ŎƻƴǘŀƛƴŜǊ. 

Dig the planting hole no deeper than the height of the root ball from its base to the bottom of the root 

collar. 

Do not add fertilizer or other soil amendments to the planting hole. 

Tree Planting. Tree planting procedures are found in the Philomath Arboricultural Specifications 
Manual. 

Cost Considerations 

Tree planting material costs may include the tree, staking, mulch. The cost of a tree varies with 
region and caliper. Labor costs associated with planting trees may include excavation, planting, 
pruning, disease control, establishment irrigation (see Appendix E: Plant Specifications, 
ά9ǎǘŀōƭƛǎƘƳŜƴǘ aŀƛƴǘŜƴŀƴŎŜέύΦ tǊǳƴƛƴƎ ƛǎ ƳƻǊŜ Ŏƻǎǘƭȅ ŦƻǊ ǘŀƭƭ ǘǊŜŜǎ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ǇǊǳƴŜŘ ǎƛƳǇƭȅ 
by standing on the ground24. Tree removal and stump grinding, and disposal of an existing failed 
tree may also be a part of planting a new tree and is a future cost to consider.  

Trees supply numerous cost benefits that can help offset initial and long-term maintenance 
costs25. Trees can reduce energy demand when planted on the west, south, or east side of a 
building. Land use is not as important as the shape and height of the building being shaded. The 
older and larger a tree, the greater the benefit. Residential property values have been 
consistently found to be higher when landscaping and trees are on the property or the property 
is located on a tree-lined street. Increase in property value ranges from 3% to 15%.  

                                                           
23 Oregon 811-Utility Notification Center. Retrieved from: http://digsafelyoregon.com/ 
24 Western Washington and Oregon Community Tree Guide: Benefits, Costs and Strategic Planting. Retrieved from: 
http://www.treesearch.fs.fed.us/pubs/45962. 
25 For more detailed information on the cost benefits of trees and for references on the percentages found in the 
bullets in this section, visit University of Washington, Urban Forestry/Urban Greening Research. Green Cities: Good 
Health. Retrieved from:  http://depts.washington.edu/hhwb/Thm_Economics.html  

http://depts.washington.edu/hhwb/Thm_Economics.html
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2.4.3 DEPAVE EXISTING PAVEMENT 

Tearing out pavement and replacing it with landscaping is known as depaving. Depaving reduces 
the amount of runoff from an existing developed site by allowing infiltration and evaporation of 
rainfall and by providing area for runoff BMPs, such as rain gardens. Key steps to take during a 
depaving project are included in Appendix A. 

Siting 

There may be many small and large paved areas throughout the watershed that no one needs or 
uses, but that collectively impact water quality. Investigate how people use or ŘƻƴΩǘ ǳǎŜ 
different sections of paved areas. 

Design 

Stormwater flows. Determine where water currently flows on-site. If runoff flows to the 
proposed depaved area, see 2.5.2, 2.5.5, and 2.5.6 for additional design considerations.  

Developing Plans and a Budget. Develop a landscape plan (see Appendix E: Plant Specifications). 
Avoid lawn, if possible. Plan to restore the permeability of the soil according to 2.4.1.  

Pavement edge stabilization. In asphalt areas with a pavement thickness of less than 2 inches, 
consider stabilizing the pavement edge.  Approaches for this include installing extruded curbs 
around the top edge to redirect runoff, placing a flush curb adjacent to the pavement, cutting 
the pavement at a 45 degree angle, or installing a 12-inch level spreader (see 2.5.6, 2.6.1). 

Deconstruction 

Removing pavement by hand is not as difficult as it may seem, and can be a cost effective way to 
add permeability through a hands-on community building process. 

To effectively implement depaving: 
1. Locate both public and private utility lines on the site. Take care when removing pavement over 

utility lines.  

2. Notify neighbors about the proposed work and observe noise regulations. 

3. Implement erosion prevention and sediment control measures. Keep soil covered with a natural, 

breathable material like jute. Install wattles, biobags, or compost socks at the bottom of 

stockpiles and encircle catch basins and area drains.  

4. Remove the pavement. Prepare the surface by cutting it into manageable 2-to-3 foot square 

pieces with a diamond-blade pavement saw. Asphalt removal can be done using a backhoe or 

with simple tools and cooperative muscle power. Once asphalt is pried up, it typically breaks 

down into smaller manageable pieces fairly easily. Concrete is much tougher to remove by hand 

and will require a jackhammer to break it into smaller pieces. Asphalt and concrete can be readily 

recycled, often by recycling companies and pavement contractors. 

5. Remove any rock installed below the pavement. Rock can be recycled or repurposed; however, 

avoid re-using crushed concrete in stormwater facilities.  

6. Amend the soils with organic matter compost (see 2.4.1) or shredded wood chips.  

7. Depending on the pavement and rock depth removed, clean topsoil may need to be imported so 

that the landscape area can meet and match existing grades. 
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8. Re-vegetate the area with native grasses and grass-like plants, flowers, and shrubs. If the space 

permits, plant trees (see 2.4.2). 

9. Mulch the area with 2 ς 3 inches organic matter compost or mulch per specifications in Appendix 

D.  

Cost Considerations 

Depaving existing pavement will always be more expensive than doing nothing, but your 
watershed is probably already impacted from the pavement that exists. Only reducing 
impervious pavement in new development will probably not result in meeting desired water 
quality goals in a meaningful timeframe.  

Many depaving projects have been done with volunteer labor as a way to raise awareness about 
the connection between impervious pavement and watershed health. There are still costs 
associated with using volunteer labor, including materials such as imported soils, compost and 
other soil amendments; erosion-control vegetation; and services such as volunteer 
management, waste removal, and equipment rental (e.g. diamond-blade saw, jackhammer, 
additional hand tools). If volunteer labor is not used, then heavy equipment such as a backhoe 
will likely be the most cost-effective approach. Equipment rental and operation will add to the 
expense. Hiring a private utility locater can cost as little as $200 for sites up to 5,000 square feet. 
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2.5 REDUCE RUNOFF BMPs 
Write intro. 

 

2.5.1 POROUS PAVEMENT 

Porous pavement (also known as permeable pavement and pervious pavement) is a stormwater 
management facility that allows water to move through void spaces within the pavement 
surface and rock below and infiltrate into underlying soils. It has many applications and in many 
cases, it can be used instead of conventional, impervious pavements for both vehicular and 
pedestrian traffic. There are two varieties of porous pavement, those that manage rainfall and 
those that manage both the rainfall and runoff received. 

There are several types of porous pavement surfaces, including porous asphalt, pervious 
concrete, permeable pavers, flexible pavement systems, and porous gravel. 

Porous Asphalt and Pervious Concrete. Porous asphalt and pervious concrete are similar to their 
impervious counterparts but ŀǊŜ ƳŀŘŜ ǿƛǘƘ άƻǇŜƴ-ƎǊŀŘŜŘ ŀƎƎǊŜƎŀǘŜέΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ few to no 
fines (i.e. small particles). When bound together, interconnected voids between the aggregate 
allow water to flow through. The larger pieces of crushed aggregate provide the structural 
stability for conventional and porous pavements alike, even for loadings such as large trucks and 
semi-trailers. The fines in a conventional mix only serve to make compaction easier, which would 
prevent infiltration.  

Permeable Pavers. Permeable pavers are paver units of 
stone, concrete or other durable impervious material 
with gaps between or within the pavers that provide 
voids for water to reach sub-soils. Porous commercial 
pavers, like porous asphalt or pervious concrete 
discussed above, are now available and need no space 
between them. 

Porous Flexible Paving Systems. Porous flexible paving 
systems are prefabricated grids made of plastics or other solid 
materials finished with clean sand/gravel or turf. Grids with 
porous media provide a stable surface and sometimes resemble 
lawn. 

Porous Gravel. Conventional gravel pavements (i.e. 
without a permeable sub-base) are not inherently free 
draining, as many assume. During conventional gravel 
pavement installation, soil is compacted to support 
vehicular loads, making the pavement essentially 
impervious. Gravel with many small particles (usually a 
ƳŀǘŜǊƛŀƭ ƭƛƪŜ άҁ-inch minus drain rockέ) is installed, 
compacting it in lifts (i.e. smaller portions of the total 

Figure 10- Permeable pavers. 

 

Figure 11- Flexible paving systems 
are often made of plastic grids with 
numerous openings, as shown here. 
Photo credit: Teresa Huntsinger 
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depth). This results in a low void ratio with little storage for stormwater, even if the soil could 
infiltrate, and may cause fine particles from the pavement to pollute downstream waterways, 
especially on slopes.  

 

Siting 

Infiltration Testing. tŜǊŦƻǊƳ ŀƴ ƛƴŦƛƭǘǊŀǘƛƻƴ ǘŜǎǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎƻƛƭΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ŀōǎƻǊō ŀƴŘ 
percolate water down into the lower layers. See Appendix C for detailed guidance on field 
testing to find the rate that water can pass through the soil and how to interpret that data. 

Site Suitability for Porous Pavements Managing Runoff. Porous pavements that receive runoff 
from impervious areas in addition to rainfall should be located using the same criteria as soakage 
trenches (see 2.5.3).  

Site Suitability for Porous Pavements Managing Only Rainfall. Porous pavements can be used in a 
variety of conditions26 , such as: 
Where the seasonal high groundwater table, bedrock, or other impermeable layer is more than 18 

inches from the bottom of the base rock. 

On uncompacted soil. Porous pavement should never be placed on areas of proposed fill that is not 

specifically designed to protect the porosity of the fill, because this kind of fill is compacted so much that 

it is no longer capable of infiltrating water.  

Where infiltration rates are 0.3 inches/hour or greater.  

In limestone bedrock. 

Under trees to be protected, when carefully excavated in the presence of an International Society of 

Arboriculture certified arborist. 

On projects where spills are not an issue. 

Where the pavements will be hydraulically isolated, meaning that they do not receive run-on from any 

other areas. These have been known to be maintenance free for decade27. 

On slopes under 8%. 

Because porous pavement is an infiltration technique, situations where groundwater 
contamination could occur or be exacerbated should be avoided. In addition, the seasonal 
elevation of groundwater and other conditions that could lead to saturation, clogging, or other 
failure must be considered. 

A decision tree to assist with locating porous pavements is available online at the OSU Extension 
Stormwater Solutions website: http://extension.oregonstate.edu/stormwater/porous-
pavement-1. Detailed information for assessing a number of the conditions above can be found 
there. 

Design 

Porous pavement is an assembly of materials that includes not only the pavement surface, but 

                                                           
26 Pennsylvania Stormwater Best Management Practices Manual. (2006). Publication No. 363-0300-002. 
27 Miller, A.R. (1997). Porous Pavement: Pavement That Leaks. Retrieved from: 
http://www.millermicro.com/porpave.html  

http://extension.oregonstate.edu/stormwater/porous-pavement-1
http://extension.oregonstate.edu/stormwater/porous-pavement-1
http://www.millermicro.com/porpave.html
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also the rock, geotextile fabric, and soil below and conveyance structures, if necessary. Like all 
pavements, porous pavements should be designed and detailed by one or more qualified 
licensed engineers with experience in civil and geotechnical engineering.  

 
Figure 12- A typical porous pavement section. 

Required Structural Design for Porous Pavements. Porous pavement surface thicknesses and 
base rock are calculated relative to estimated traffic weight and frequency28.  Consult a qualified 
licensed engineer with experience in geotechnical engineering to recommend the appropriate 
pavement section ŦƻǊ ǘƘŜ ǎƛǘŜΩǎ ǎƻƛƭǎ. Pavement design thicknesses for the surface and base rock 
will vary by porous pavement surface type. As with conventional pavements, structural capacity 
can be increased with a thicker pavement surface and/or a thicker base rock depth. 

When implementing porous pavement, resources are available to assist in structural design and 
development. άAsphalt Pavement Design Guideέ, The Asphalt tŀǾŜƳŜƴǘ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ hǊŜƎƻƴΩs 
guidance is available for download along with PerviousPave, cross section development software 
produced by The American Concrete Pavement Association. 

Base Rock Depth. Structural and hydrologic design criteria drive the depth of base rock (see 
!ǇǇŜƴŘƛȄ 5Υ {ǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ά/ƻŀǊǎŜ ŀƴŘ Choker Aggregateέύ ōŜƴŜŀǘƘ ŀ ǇƻǊƻǳǎ ǇŀǾŜƳŜƴǘ. 

The following sections provide information on hydrology design criteria. The porous pavement 
surface thickness and depth of base rock needed to meet both criteria are usually different. 
Choose the deeper of the two.  

Hydrologic Design for Managing Rainfall. The depth of base rock for porous pavements that only 

manage the rain that falls on them may be calculated using the simplified hydrologic design approach 

described in detail in Chapter 4 as long as the tested design infiltration rate (see Appendix C: 

Infiltration Testing) is at least 0.3 inches/hour. 

Hydrologic Design for Managing Runoff. There are several ways to direct runoff to a porous 

pavement rock base. The depth of base rock for porous pavements that manage runoff from other 

areas in addition to rainfall on the surface, must be designed and modeled by a qualified licensed 

engineer. 

Geotextile. Install a geotextile fabric to separate the native soils from the base rock. Without it, 
water infiltrating through the cross section will cause soil particles to migrate up into the voids of 
the aggregate, filling them and reducing storage volume for stormwater. The geotextile fabric 
also adds structural stability to the pavement. Specifications for geotextile fabric are provided in 
!ǇǇŜƴŘƛȄ 5Υ {ǇŜŎƛŦƛŎŀǘƛƻƴǎΣ άDŜƻǘŜȄǘƛƭŜ CŀōǊƛŎέΦ Take special care to wash the base rock as 
directed in !ǇǇŜƴŘƛȄ 5Υ {ǇŜŎƛŦƛŎŀǘƛƻƴǎΣ άDŜƻǘŜȄǘƛƭŜέΣέ±ŜǊȅ /ƭŜŀƴ wƻŎƪ wŜǉǳƛǊŜŘέ or the geotextile 

                                                           
28 Urban Drainage and Flood Control District. Drainage Criteria Manual (Vol 3). (Revised 2008). Denver, CO,. 
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is likely to be clogged with dirt from the rock, creating an impermeable membrane at the bottom 
of the pavement and defeating the purpose of porous pavement. 

Design Specific to Sloping Sites. The following design guidance is offered for porous pavements 
installed on slopes less than 8%. 

 
Figure 13- While the surface may slope, the bottom of the porous pavement (where the water is 
being stored before it infiltrates) should be flat. Porous pavement with a sloped bottom cannot 
be hydrologically sized using the simplified approach in Chapter 3.  

As can be seen on the right side of Figure 11, a large quantity of rock, which will never be 
available to pond water for infiltrating might be needed to bring the grades up to the desired 
finished elevation.  To save on rock, the bottom of the facility can be stepped down the hill with 
a series of berms as in Figure 12 below. Adding a sub-surface grading plan to the construction 
plan set can be helpful for conveying critical information to the excavation contractor. 

 
Figure 14- Cross section example on sloping sites. Underground berms 6 inches below the 
pavement surface hold water back and spread it out to infiltrate before excess volumes overflow 
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the dams during large storms. To significantly reduce excavation costs, the shape of the berms 
should follow existing contours, even though finish grade may not equal existing grade. 

Grading Plans. A careful grading plan is needed to ensure that porous pavement adjacent to 
conventional pavements are hydraulically isolated and that dirt from any landscape areas above 
a porous pavement can be captured behind a curb or depression. 

Subsurface Grading Plan. If the site is sloped and underground berms are used, as described in 
ά5ŜǎƛƎƴ {ǇŜŎƛŦƛŎ ǘƻ {ƭƻǇƛƴƎ {ƛǘŜǎέΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƎǊŀŘƛƴƎ Ǉƭŀƴ ƻŦ ǘƘŜ ǎǳōƎǊŀŘŜ ǿƛƭƭ ōŜ ƴŜŜŘŜŘΦ 
With a subgrade grading plan, the contractor can fully understand the differences between 
subgrade elevations, where water will be stored to infiltrate, and proposed finish grades of the 
pavement surface. 

Routing for All Porous Pavements. Porous pavements should convey the 24-hour flood design 
storm of ώƧǳǊƛǎŘƛŎǘƛƻƴΩǎ нр-year 24-hour storm] inches. For vehicular applications, this requires 
the construction of overflow and control structures to ensure the pavement infiltrates the 
desired volume, but does not saturate and potentially destabilize the pavement. Provide a safe 
overland route per !ǇǇŜƴŘƛȄ .Σ ά5ŜǎƛƎƴέΣ ά.at 5ŜǎƛƎƴ /ǊƛǘŜǊƛŀέΣ ά{ŀŦŜ hǾŜǊƭŀƴŘ wƻǳǘŜέΦ  

Adequate Cover. To protect its structural integrity, bury pipes to provide adequate cover of 12 
inches minimum.  

Underdrains. Underdrains are pipes perforated on the top half and encased in gravel filled trenches. 

They can be used for overflow, routing excess volumes in the base rock to a stormwater conveyance 

system, or inflow, conveying runoff from other impervious areas into the base rock 

Underdrains for Overflow. Underdrains are recommended for all vehicular applications, 

regardless of whether they manage rainfall or runoff, to convey excess water from storms larger 

than the design storm.  

In pedestrian applications that manage only rainfall, loads are usually light enough for the fully 

saturated rock section to provide structural support; therefore, an underdrain is not needed. If 

there is a possibility that the pedestrian application could be driven over, then the pavement 

should be designed as if it were a vehicular pavement. 

It is desirable to place the pipe on the bottom of the facility for adequate cover of 12 inches 
minimum to protect its structural integrity. In this case, use a control structure such as a catch 

basin with a weir or another structure that will back up as much water as desired to infiltrate 

within the desired time (Figure 13) . To avoid UIC requirements, use perforated pipes that are 

Figure 15- When a perforated pipe is placed at the bottom of a porous 
pavement, a control structure is required to ensure that the desired volume 
of water backs up into the pavement and infiltrates. 
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only perforated on the top and side instead of on all sides. 

Underdrains for Inflow. Water can be conveyed directly to the base rock via a perforated pipe. 

This design must be hydrologically modeled by a qualified licensed engineer; however, this can 

be an effective use of land to infiltrate large volumes of runoff and protect water quality, since 

more rock is usually needed for structural capacity than hydrologic needs. 

Design Approaches to Address Clogging. The infiltration rate of porous asphalt and concrete may be 
as high as 1500 inches/hour29 while long-term infiltration rates have been observed to fall to as 
low as 2 inches/hour30. /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƘƛƎƘ ǾƻƛŘ Ǌŀǘƛƻ ǿƘŜƴ ŦƛǊǎǘ ƛƴǎǘŀƭƭŜŘΣ ŀ άƳƻǎǘƭȅ ŎƭƻƎƎŜŘέ 
surface can still be very effective. 

Nonetheless, the design phase is a good time to address long-term clogging issues: 
Runoff from other areas should never be via overland flow onto the pavement surface. Even the small, 

frequent water quality sized storm will convey sediment into the pavement voids, clogging them. 

Runoff conveyed by underground piping should be pretreated to settle out sediments, even if the 

surface areas are roofs.  

Design landscape slopes around porous pavements, so that if they erode, the sediment will not reach 

the pavement surface. This is refeǊǊŜŘ ǘƻ ŀǎ άƘȅŘǊŀǳƭƛŎ ƛǎƻƭŀǘƛƻƴέ ŀƴŘ Ŏŀƴ ōŜ achieved with a curb or a 

deep swale. 

Provide short-term and permanent signage to prevent workers from dumping construction and 

landscaping materials on it. 

UIC Regulat ions. Underground Injection Controls 
(UIC) are described generally in Chapter 1.8. 
Dimensions can trigger a UIC registration, to avoid 
this process, when sizing porous pavement, avoid 
designing a facility that is deeper than the widest 
surface dimension. Registration with UIC is also 
required if underdrains composed of perforated 
pipe that convey runoff from impervious areas 
without pretreatment for sediment and debris.  
This includes routing runoff from large events 
exceeding the storage capacity of the rock base to 
a stormwater conveyance system using 
perforated pipe with perforations all around.  

                                                           
29 Environmental Protection Agency (2010). Surface Infiltration Rates of Permeable Surfaces: Six Month Update 
(November 2009 through April 2010). Retrieved from: http://nepis.epa.gov/Adobe/PDF/P1008CH4.pdf  
30 Bean, E., Hunt, B., Bidelspach, D. and J. Smith. (2004). Surface Infiltration rates of Permeable Pavement. North 
Carolina State University. Retrieved from: http://www.usawaterquality.org/conferences/2004/posters/beanNC.pdf 

http://nepis.epa.gov/Adobe/PDF/P1008CH4.pdf























































































