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PROCEDURES MANUAL FOR DEVELOPERS 

PWSA RECOMMENDATIONS FOR IMPLEMENTATION OF GREEN 

TECHNOLOGIES FOR PRIVATE AND PUBLIC PROPERTIES 

CHAPTER 9 –INCORPORATING GREEN INFRASTRUCTURE 

The terms Green Infrastructure and Green 
Technology refer to designs that reduce or 
mitigate our impact on the natural environment. 
Often these designs use techniques that augment 
natural processes. The following sections focus 
on Green Infrastructure and Green Technology 
related to reduction in water, sanitary sewer, and 
storm sewer usage.  

The purpose of this chapter is to provide an 
overview and some guidance for those who wish 
to incorporate Sustainability, Green 
Infrastructure, and Green Technology in a new 
development or retrofit an existing site. This 
document is based on current regulations at 
the time of writing, many of which are external 
to the PWSA. It is strongly advised to verify 
that all designs comply with PA DEP, ACHD, 
and City Planning & Zoning requirements by 
contacting these agencies directly (and any 
other agencies which may have jurisdiction). 

Executive Summary 

The Pittsburgh Water and Sewer Authority 
(PWSA) and the City of Pittsburgh embrace the 
use of green infrastructure, where technically 
feasible, as a means to sustainably manage water 
resources throughout the City of Pittsburgh. The 
intention of Chapter 9 – Incorporating Green 
Infrastructure is to provide developers with 
guidance and recommendations for installing 
green infrastructure within their projects. The 
intended audience for the majority of the contents 
within Chapter 9 is engineers, landscape 
architects, site planners and related technical 
staff. For residential scale stormwater 

Much of Chapter 9 of the PWSA 
Developers Manual is highly technical 
in nature and is primarily intended for 
engineers, landscape architects, and 
related technical staff. For 
incorporating green infrastructure at 
smaller scales, PWSA recommends 
referring to Allegheny County 
Conservation District’s “Southwestern 
Pennsylvania’s Homeowner’s Guide to 
Stormwater.” The full contents of this 
document can be found on the PWSA’s 
web page at 
http://pgh2o.com/stormwater. The 
document provides a comprehensive 
step-by-step guide for implementing 
green infrastructure at smaller scales 
where complex engineering 
assessments may not be necessary. 
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management, PWSA recommends referring to Allegheny County Conservation District’s 
“Southwestern Pennsylvania’s Homeowner’s Guide to Stormwater.” 

The contents of this chapter are based on current regulations at the time of writing, many 
of which are external to the PWSA. It is strongly advised to verify that all designs 
comply with PA DEP, ACHD, and City Planning & Zoning requirements by contacting 
these agencies directly (and any other agencies which may have jurisdiction). 

The contents of Chapter 9 of the PWSA Developer’s Manual cover two spectrums of 
green infrastructure implementation: Water Conservation/Reuse, and Stormwater 
Management Strategies. The following is a condensed summary of each of these 
approaches.  

 Water Conservation and Reuse:  Water conservation and water reuse 
technologies are covered within Sections 9.1 and 9.2.  These sections offer 
strategies to reduce potable water consumption. Reducing potable water 
consumption ultimately reduces the monthly water bill for the property owner, 
as well as reduces the overall demands on the PWSA water treatment plant 
and distribution piping system. It similarly reduces the burden on the sewage 
system and wastewater treatment facilities.   

  

Typical Water Reduction Strategies (Image from EPA)
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- “Water Reduction” (Section 9.1) discusses the application of various 
technologies and approaches which can reduce potable water 
consumption “at the tap” for developers. These technologies consist of 
low flow fixtures, high efficiency appliances, and smart irrigation. The 
section also discusses water reduction approaches such as installing 
water resilient native landscaping and implementing recommended 
maintenance practices. 

- “Water Reuse” (Section 9.2) discusses the application of reusing “gray 
water” on properties. Gray water consists of stormwater captured on 
site using storage units such as cisterns, as well as captured and 
processed potable water from internal building fixtures such as sinks, 
showers, and washing machines. Section 9.2 covers procedures for 
implementing gray water systems for development sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Stormwater Management Strategies:  Where technically feasible, the use of 
green infrastructure to manage stormwater runoff on development sites is 
highly encouraged by PWSA. The primary function of green infrastructure is 
to manage stormwater where it falls rather than solely relying on curb and 
gutter gray infrastructure methods of conveying the stormwater directly into 
sewer systems. Green infrastructure captures, stores, delays, and in some cases 
significantly removes unwanted stormwater from PWSA sewer systems. In 

Water Reuse Strategies as Demonstrated at the Phipps Conservatory Center for 
Sustainable Landscapes (Image Provided by Phipps Conservatory) 
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addition, the natural biological and filtering treatment components of green 
infrastructure can remove pollutants from urban runoff that would otherwise 
be discharged into streams and rivers. Section 9.3 provides a brief summary 
on current stormwater management regulations within the City of Pittsburgh. 
Section 9.4 provides a “business case” for proper stormwater management 
and discusses why it is critical to the future of the City of Pittsburgh. 

 

 

 

 

 

 

 

 

 

 

 

- Section 9.5 discusses the general physical principles of how green 
infrastructure can be used to manage stormwater in the built 
environment. An understanding of detention, retention, and water 
quality filtering and biological treatment is essential for selecting the 
appropriate green infrastructure technology on a development site. 

- Section 9.6 provides guidance for performing preliminary site 
investigations for green infrastructure as part of the pre-design site 
evaluation. These procedures include: general site layout evaluation 
and grading plans; geotechnical evaluations of soil types, depth to 
bedrock and water table; and methods for determining soil infiltration 
rates. Pre-design site evaluations are critical for ensuring success of 
any green infrastructure facility. Typical causes of green infrastructure 
failure are presented in Section 9.7. 

- Section 9.8 describes some of the calculations necessary to 
appropriately size green infrastructure facilities. These calculations can 
help determine siting location, tributary area, runoff volume, and 
estimating capacity for green infrastructure facilities. Rules of thumb 
for green infrastructure design are presented in Section 9.9. 

Bakery Square 2.0 Master Plan Green Infrastructure Elements (Image Provided 
by Strada Architects) 
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- There are many types of green infrastructure technologies that can 
manage stormwater on development sites. These include green roofs, 
blue roofs, pervious pavements, rain barrels, rain cisterns, rain 
gardens, bioswales, subsurface storage, proprietary water quality 
filtering devices, infiltration trenches and tree pits, to name a few. 
These green infrastructure technologies and their typical application 
are presented in Section 9.10. 

 

 
 
 
 
 

- Section 9.11 covers the selection of native landscaping based on 
climate and site factors. In stormwater management applications, 
native plants can provide biological treatment of pollutants, promote 
infiltration, and increase the overall aesthetics of the site. Plant 
selection and proper location are addressed within this section. 

9.1 Water Use Reduction 

This interests most PWSA customers because reducing water usage and/or conveyance 
can mean a more natural and cleaner environment, reduced demand on the public potable 
water system, as well as a lower monthly bill. Any combination of the following methods 
can be used: 

 Low Flow Fixtures: These are the highly efficient commodes, faucets, 
showerheads, etc. which are designed to do the job of conventional fixtures 
with less water usage. With proper documentation, these may also be used to 
reduce tap-in fees. (See Chapters 2 & 6 of this manual for details to determine 
your needs and goals.) 

 High Efficiency Appliances: These are mainly automatic dishwashers and 
clothes washers that are designed to use less water. (Note that this is referring 

Recently Installed Rain Garden at 
PWSA Water Treatment Plant 

Locally Developed Hydra 
Rain Storage Tanks by 
StormWorks 

Porous Pavement Installation 
Using Geo-Pave Technology 
from ACF Environmental 
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to efficient use of water, not energy, though the appliances may be more 
efficient at using both. Read product information carefully) 

 Smart Irrigation: This refers to irrigation systems that do not operate when it 
is raining, or monitor soil moisture and irrigate only when needed. 

 Native Landscaping: Native plants are adapted to the local climate and soil 
conditions. Once established these plants need little if any care or irrigation. A 
qualified professional should be able to test the project soil and provide a list 
of appropriate native species. See Section 9.11 of this chapter for additional 
information. 

 Maintenance and Maintenance Schedules: Often overlooked, one of the most 
important ways to conserve water is proper regular maintenance of the 
plumbing and fixtures. Running fixtures, leaks, and drips can quickly waste 
more water than is saved using all the methods above. 

 Reuse: Water recycling for non-potable uses can reduce the use of treated 
water from the PWSA system. This is discussed in more detail below. 

9.2  Water Reuse 

Water reuse or recycling is generally categorized as black water, gray water, or 
stormwater. Black water is generally water conveyed from toilets and urinals or any other 
sanitary sewage containing human or animal waste. While onsite treatment and reuse of 
this water is theoretically possible, it is currently not permitted under local and county 
regulations and currently must be discharged to a public sanitary or combination sewer. 

Gray water refers to all domestic water usage other than black water. This typically 
includes water from sinks, showers, laundry, etc. This water can be reused for non-
potable uses such as irrigation or washing vehicles. Gray water is often treated before 
reuse depending on the composition of the water regarding chemicals, nutrients and 
potential pathogens. Any drains or overflows from gray water storage tanks must be 
routed to public sanitary sewers unless the water has been treated to remove all harmful 
substances, including chlorine as per state and county regulations. If an existing sanitary 
sewer lateral is available and adequately sized to handle the flow, it may be used. If not, a 
sanitary tap-in is required. (See Chapter 4 for details.) Special care should be taken when 
using for irrigation or outdoors where runoff can enter storm sewers and/or surface and 
ground waters to avoid contamination issues. Gray water is often very high in phosphorus 
from soaps and detergents. Many local waterways are either under regulations to reduce 
phosphorus concentrations or have such regulations pending. 

Stormwater, including rain and other forms of precipitation, may be collected and used 
for irrigation and/or other non-potable uses. Sometimes larger storage systems are treated 
to control issues such as algae and mosquitoes. Water treated with chemicals must have 
drains and overflows routed to a sanitary lateral. A sanitary tap-in is required if no 
existing lateral is available. (See Chapter 4 for details.) 
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Untreated stormwater or treated water that has had all chlorine (or other treatment 
chemicals) removed may have drains and overflows routed to storm laterals or, if the site 
permits, to natural waterways or even the ground. If an existing storm lateral is available 
and adequately sized to handle the flow, it may be used. If not, a storm tap-in is required 
to connect to the public storm sewer system. (See Chapter 5 for details.) 

More specific details on designs to store and recycle stormwater are given later in this 
chapter. 

9.3  Stormwater Management in the City of Pittsburgh 

Currently, stormwater management in the City of Pittsburgh involves four City entities. 
The City of Pittsburgh Department of City Planning (DCP) reviews stormwater 
management plans for compliance with the Zoning and Building Codes. The City of 
Pittsburgh Department of Permits, Licenses, and Inspections (PLI) has the authority to 
inspect stormwater management provisions provided by private development and enforce 
any code violations. The City of Pittsburgh Department of Public Works (DPW) 
addresses stormwater management related to City public rights of way. The Pittsburgh 
Water and Sewer Authority (PWSA) provides the public gray infrastructure, including 
conveyance pipe sewers that carry strictly stormwater (storm sewers), or pipes that carry 
stormwater mixed with sanitary sewage (combined sewers). Connection to these public 
piping systems requires the approval of PWSA. 

The City of Pittsburgh stormwater management regulations are based on the 
Pennsylvania Stormwater Management Act (Act 167 of 1978) and the City’s Municipal 
Separate Storm Sewer System (MS4) Permit which is issued by the Pennsylvania 
Department of Environmental Protection (DEP). 

As regulated by current City Code, private developments in the City must submit a 
stormwater management plan if 5,000 sf of impervious surface is created or there is a 
land area disturbance of 10,000 sf or more. The plan must first be approved by DCP. 
Such approval is required in writing before connections are made to PWSA 
infrastructure. In all cases, the peak discharge after development cannot be greater than 
the peak discharge before development for all storm events.  

Building Code provisions require the onsite retention of the 2 year 24 hour storm volume. 
Modeling is required to determine compliance. Alternatively, the developer may choose 
to retain the first inch of precipitation that falls on all impervious surfaces on the project 
site. 

Water quality of the runoff is addressed by PWSA regulations and the use of Best 
Management Practices (BMPs) (as directed and approved by the PWSA). PWSA 
currently requires an 85 percent reduction in post-development particulate associated 
pollutant load (as represented by Total Suspended Solids [TSS]), an 85 percent reduction 
in post-development total phosphorus loads, and a 50 percent reduction in post-
development solute loads (as represented by NO3-N), all based on post-development land 
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use. Additional details are located in Chapter 5 of this publication and also in Chapter 3 
of the PA BMP Manual. 

Per current regulations, in no case may a developer direct surface water or stormwater 
runoff overland into the public right(s) of way, tap into a public inlet/catch basin or 
lateral connecting a public inlet/catch basin to the public sewer, or direct a concentrated 
flow of stormwater onto a neighboring property except in the rare condition of a 
predevelopment natural waterway. 

9.4  Stormwater Issues 

The following paragraphs provide a broad overview of stormwater issues and should only 
be seen as generalizations with all the limitations that infers. Entire books have been 
written on this subject and lengthy articles have been written on the specifics of this 
subject within the Pittsburgh region. 

Undeveloped land typically retains much more rainwater within the soil and vegetation 
than developed land. Water absorbed by the soil enters the groundwater, feeding natural 
aquifers and maintaining the dry weather base flow in permanent bodies of water. Excess 
rainwater flows slowly across natural features of land, impeded by leaf litter, rocks, and 
vegetation, to natural swales which eventually lead to permanent bodies of water. 

When land is developed, vegetation is removed or modified and soil is compacted and 
sealed off with buildings and paving. This typically results in much less water being 
retained and/or absorbed by vegetation and soil. More stormwater runs overland across 
the ground surface and less stormwater enters the ground to feed the natural aquifers and 
springs. This lowers the base flow in permanent bodies of water. Development generally 
smoothes out natural contours and removes rocks and natural debris as well as paving 
over much of the ground. This increases the flow rate and volume of water leaving the 
site. Storm drainage systems are often added, which removes surface runoff from the site 
even faster. This combined effect of more water leaving the site and leaving the site faster 
typically creates potential flooding and erosion problems downstream. In general, 
development can reduce base flow during dry weather and increase peak flows during 
any given rain event in downstream bodies of water. Nutrients and chemical pollutants 
are also a problem from developed areas. If nothing is done to remove pollutants, rain 
may wash fertilizers and pesticides from landscaped areas and salt and motor oil from 
streets and parking lots through storm sewer systems and into local bodies of water. 

Like most other American cities of the time, when the areas that later became the City of 
Pittsburgh were first developed, most sewers were originally designed for storm drainage 
only. This was a time before indoor plumbing was common place. Wells for drinking 
water and outdoor privies for sanitation were the normal provisions residents had for their 
needs. Later, as indoor plumbing became the norm, there was no standard method of 
disposal for the waste water. Indoor plumbing technology had simply outpaced the 
technology and regulations related to its byproducts. Some people routed the waste water 
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to the existing storm drainage system and others routed it to cesspools and seepage pits. 
Where the sanitary flows were routed to these existing storm sewers, combined sewer 
systems were effectively created. As time went on, the population grew denser and the 
cesspools and seepage pits became a problem. All areas which later became the City and 
surrounding municipalities either created separate sanitary sewers or combined sewer 
systems. 

For decades, as was common practice, sanitary and combined sewers flowed to rivers and 
streams without any treatment. At first, “Dilution is the solution to pollution.” was the 
mantra of the environmental community.  Eventually, there was a shift in environmental 
thought and around the middle of the 20th Century, ALCOSAN was created to collect and 
treat the sanitary and combined flows from Pittsburgh and many other municipalities 
nearby. The system currently has numerous CSOs (Combined Sewer Overflows), owned 
by ALCOSAN, PWSA, and other municipalities, which are control features built into the 
system to allow excess water to flow directly to rivers and streams from combined sewers 
when rain overwhelms the system during larger storm events. Any stormwater 
management practices that reduce peak flows in areas served by combined sewers will 
reduce water pollution from CSO’s. This reduction of water pollution improves the 
natural environment of our waterways, which enhances boating, fishing, health, tourism, 
and many other features and activities that contribute to the economy and well-being of 
all Pittsburghers and the surrounding region. 

9.5  General Principles and Overview of Stormwater 
Design 

Stormwater design and especially green technology dealing with stormwater has been 
covered by several overlapping occupational fields using different terminology. 
Engineers, landscape architects, geologists, and others each bring their own technical 
terms and definitions to the task of dealing with stormwater. However, there are three 
basic objectives common to stormwater management; reducing the peak flow rate leaving 
the site, reducing the  volume of stormwater leaving the site, and removing pollutants 
from the stormwater leaving the site. The same natural laws are common to all 
approaches to stormwater management. A good basic understanding of the objectives and 
natural laws governing the achievement of those objectives will aid in understanding all 
forms of stormwater management, regardless of the terminology used to describe it. 

It is important to note that these three basic objectives are not mutually exclusive; that is 
to say a single structure may function to accomplish two or even all three objectives at 
once. For example, a basin may be designed to retain and infiltrate the 2 year storm 
event, detain and attenuate the peak flow of the 5 thru 100 year storm events, and also 
remove pollution through settling and absorption by vegetation. 
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9.5.1  Detention 

Detention is the collection and storage of stormwater to be released at a slower 
rate. Detention does not alter the total volume of water leaving a site from a rain 
event, but reduces the peak flow rate and also delays the timing of the peak flow. 
Detention is sometimes referred to as ‘attenuation’. Detention can be used in 
combination with other methods. Detention is often considered ‘gray 
infrastructure’. 

Most detention structures are designed with an outlet structure incorporating one 
or more weirs and/or orifices to restrict the flow of water leaving the structure to 
the desired rate. This is often a modified standard manhole or inlet with orifices 
and/or weirs either cut into the structure or cut into a separate plate or divider 
within the structure. 

9.5.2  Retention 

Retention is the collection and storage of stormwater to remain onsite for disposal 
methods such as infiltration into the soil, use by vegetation, and use for non-
potable functions such as irrigation or vehicle washing. Infiltration is the most 
common function of retention designs. 

The major infiltration strategies based on construction and performance 
similarities are: 

 Surface Infiltration Basins 

 Subsurface Infiltration Beds 

 Bioretention Areas/Rain Gardens 

 Other BMPs that support infiltration (vegetated filter/buffer strips, 
level spreaders, and vegetated swales) 

Infiltration BMPs are one of the most beneficial approaches to stormwater 
management for a variety of reasons including: 

 Reduction of the peak rate of runoff 

 Reduction of the volume of runoff 

 Removal of a significant portion of the particulate-associated 
pollutants and some portion of the solute pollutants. 

 Recharge of groundwater and maintenance of stream baseflow. 

Infiltration BMPs attempt to replicate the natural hydrologic regime. During 
periods of rainfall, infiltration BMPs reduce the volume of runoff and help to 
mitigate potential flooding events. During periods of reduced rainfall, this 
recharged water serves to provide baseflow to streams and maintain in-stream 
water quality. Qualitatively, infiltration BMPs are known to remove nonpoint 
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source pollutants from runoff through a complex mix of physical, chemical, and 
biological removal processes. Infiltration promotes maintenance of the natural 
temperature of stream systems (cooler in summer, warmer in winter), which can 
be critical to aquatic ecology. Because of the ability of infiltration BMPs to 
reduce the volume of runoff, there is also a corresponding reduction in erosive 
“bankfull” conditions and downstream erosion and channel morphology changes. 

Infiltration BMPs are designed to infiltrate some portion of runoff during every 
storm event. During small storm events, a large percentage of the runoff may 
infiltrate, whereas during large storm events, the volume that infiltrates may only 
be a small portion of the total runoff. However, because most of the rainfall in 
Pennsylvania occurs in small (less than 1-inch) rainfalls, the annual benefits of an 
infiltration system may be significant. 

Infiltration is the goal of many public and private green infrastructure designs. 
Infiltration is limited by the site conditions, so proper investigation and testing 
should be done to ensure the desired functionality is attained. Sites with shallow 
bedrock, steep slopes, and large amounts of fill are generally poorly suited to 
infiltration. Infiltration tests should be performed to test the actual capacity of the 
soil to infiltrate water over time. The actual infiltration rate and the theoretical 
rate based on the documented soil type can be very different. An infiltration test 
should be done within the footprint of the proposed feature at the elevation of the 
bottom of the feature. As a rule of thumb, infiltration systems are usually sized so 
that all water should be infiltrated within 72 hours after a rain event to prevent 
mosquito breeding, algal growth, and other conditions, as well as to be ready in 
time for the next storm event. Refer to the City Code for specific requirements for 
the site location. 

Evapotranspiration is a technical term for the retention, evaporation and use of 
water by plants. Trees and herbaceous plants can greatly add to the efficiency of 
any retention system, but the amount of water retained by plants is variable and 
difficult to predict due to the inherent variability in plant growth throughout the 
season and between individual plants. The process of evapotranspiration almost 
stops when plants go dormant in winter as well. For these reasons, 
evapotranspiration is rarely figured into designs.  

9.5.3  Water Quality 

Stormwater often picks up debris, metals, chemicals, and nutrients as it flows 
across developed areas. This adds to the pollution of local waterways receiving 
this runoff. Many of the local waterways either have local and/or state regulations 
to limit and reduce pollutants or have such legislation pending. Therefore, it is 
important to remove as much pollution from stormwater as possible. Certain 
metals, chemicals and nutrients can often be removed by settling and filtering 
small particles that they are adhered to, which are mostly clay and silt sized 
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particles. Water quality devices can be used to achieve the desired results. 
Detention or retention methods may also accomplish this as a secondary function 
via settling, filtering, and absorption by soil and vegetation.  

Infiltration BMPs produce excellent pollutant removal effectiveness because of 
the combination of a variety of natural functions occurring within the soil mantle, 
complemented by existing vegetation (where this vegetation is preserved). Soil 
functions include physical filtering, chemical interactions (e.g., ion exchange, 
adsorption), as well as a variety of forms of biological processing, conversion, 
and uptake. The inclusion of native vegetation for filter strips, rain gardens, and 
some vegetated infiltration basins, reinforces the work of the soil by reducing 
velocity and erosive forces, soil anchoring, and further uptake of nonpoint source 
pollutants. In some cases, the more difficult to remove soluble nitrates can be 
reduced as well. It should be noted that infiltration BMPs tend to be excellent for 
removal of many pollutants, especially those that are in particulate form; 
however, there are limitations to the removal of highly solubilized pollutants, 
such as nitrate, which can be transmitted through the soil. 

In addition to the removal of chemical pollutants, infiltration can address thermal 
pollution. Maintaining natural temperatures in stream systems is recognized as an 
issue of increasing importance for protection of overall stream ecology. Detention 
facilities tend to discharge heated runoff flows. The return of runoff to the 
groundwater through use of infiltration BMPs guarantees that these waters will be 
returned at natural groundwater temperatures, considerably cooler than ambient 
air in summer and warmer in winter, so that seasonal extreme fluctuations in 
stream water temperature are minimized. Fish, macroinvertebrates, and a variety 
of other biota will benefit as the result. 

Infiltration BMPs have been shown to have effective removal efficiencies for a 
wide range of pollutants. In fact, recent EPA guidance has suggested that 
infiltration BMPs can be considered 100 percent effective at removing pollutants 
from surface water for the fraction of water that infiltrates. Other more 
conservative removals are reported in a variety of other sources. Estimated 
removals for all BMPs are contained in Section 9 of the BMP Manual. 

9.6  Recommended Procedures for Site Evaluation, 
Testing, and Design 

The following sections on site evaluation, testing procedures, and design considerations 
is a modified version of the site evaluation and soil infiltration testing protocol in 
Appendix C of the Pennsylvania Stormwater Management Best Practices Manual (BMP 
Manual). Please refer to the BMP Manual for additional information and references. 

The purpose of the Site Evaluation and Soil Infiltration Testing is to:  

 Determine if Infiltration BMPs are suitable at a site, and at what locations.  
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 Obtain the required data for infiltration BMP design.  

Designers are encouraged to conduct the Soil Evaluation and Investigation early in the 
site planning and design process. Soil Evaluation and Investigation should be conducted 
early in the preliminary design of the project so that information developed in the testing 
process can be incorporated into the design. Adjustments to the design can be made as 
necessary. It is recommended that Soil Evaluation and Investigation be conducted 
following the development of an early Preliminary Plan. The Designer should possess a 
preliminary understanding of potential BMP locations prior to testing. Prescreening test 
may be carried out in advance to site potential BMP locations.  

Qualified professionals who can substantiate by qualifications/experience their ability 
carry out the evaluation should conduct test pit soil evaluations and/or borings in order to 
determine the best locations and types of BMPs. Test pits are preferred where feasible.  A 
professional, experienced in observing and evaluating soil conditions is necessary to 
ascertain conditions that might affect BMP performance.  

Sites are often defined as unsuitable for Infiltration BMPs due to proposed development 
scope or lack of suitable infiltration areas. Some sites may be unsuitable for infiltration 
BMPs. However, if suitable areas exist, these areas should be identified early in the 
design process and should not be subject to a building program that precludes infiltration 
BMPs. An excuse should not be made for “full build-outs” where suitable soils otherwise 
exist for infiltration without fully exploring technologies that may combine infiltration 
with proposed uses. Infiltration can be done under parking lots, ball fields, and some 
other uses. Slopes, if not too severe, may be terraced for infiltration either on the surface 
or below it. 

As with all field work and testing, attention should be given to all applicable OSHA 
regulations and current local regulations and guidelines related to earthwork and 
excavation. Digging and excavation should never be conducted without adequate 
notification through the Pennsylvania One Call system (PA One Call 1-800-242-1776 or 
www.paonecall.org). Excavations should never be left unsecured and unmarked, and all 
applicable authorities should be notified prior to any work.  

9.6.1  Process 

Suggested site Investigation, Infiltration Testing and Design Considerations are a 
four-step process to obtain the necessary data for the design of the stormwater 
management plan. The four steps include:  

1. Background Evaluation  

 Based on available published and site specific data (NRCS Soil 
Mapping, FEMA Flood Maps, existing wetland delineations, 
municipal water and sewer records, other utilities, nearby water 
bodies, etc.) 



 

Pittsburgh Water & Sewer Authority 
Procedures Manual for Developers 
Version 6 – Issued 01/15   9-14 

 Includes consideration of proposed development plan  

 Used to identify potential BMP locations and testing locations  

 Prior to field work (desktop)  

 On-site screening test (walk the site to look for unforeseen 
conditions, type and condition of vegetation, sample soil with a 
shovel, tube sampler, or hand auger and compare to soil 
mapping, etc.) 

2. Test Pit (Deep Hole) Observation  

 Includes Multiple Testing Locations  

 Provides an understanding of sub-surface conditions  

 Identifies limiting conditions  

 Auger borings may also be used if open pits are unfeasible, but 
pit tests are preferred 

3. Infiltration Testing  

 Must be conducted on-site  

 Different testing methods available  

 Alternate methods and/or additional-Screening and 
Verification testing  

4. Design Considerations  

 Determination of a suitable infiltration rate for design 
calculations  

 Consideration of BMP drawdown (normally 72 hours). Refer 
to the City Code for specific requirements for the site location. 

 Consideration of peak rate attenuation 

 Consideration for water quality/pollution removal  

9.6.2  Step 1:  Background Evaluation 

In Step 1, the Designer should determine the potential location of infiltration 
BMPs. The approximate location of these BMPs should be shown on the 
proposed development plan and should serve as the basis for the location and 
number of tests to be performed on-site. Prior to performing testing and 
developing a detailed site plan, existing conditions at the site should be 
inventoried and mapped including, but not limited to:  

 Existing utilities, both public and private with special attention to 
storm sewers, sanitary sewers, and other subsurface structures. 
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 Existing mapped individual soils and USDA Hydrologic Soil Group 
classifications.  

 Existing geology, including the location of any dikes, faults, fracture 
traces, solution cavities, landslide prone strata, or other features of 
note.  

 Existing streams (perennial and intermittent, including intermittent 
swales), water bodies, wetlands, hydric soils, floodplains, alluvial 
soils, stream classifications, headwaters and 1st order streams.  

 Existing topography, slope, and drainage patterns.  

 Existing and previous land uses.  

 Other natural or man-made features or conditions that may impact 
design, such as past uses of site, existing nearby structures (buildings, 
walls), etc.  

A sketch plan or preliminary layout plan for development should be evaluated, 
including:  

 The preliminary grading plan and area(s) of cut and fill.  

 The location and water surface elevation of all existing water bodies. 

 The location of all existing and proposed public water and sewer 
connections.  

 The location of all existing and proposed on-site wastewater and/or 
water reuse/recycling systems.  

 The location of other public and private features of note such as utility 
rights-of-way, water and sewer lines, etc.  

 Existing data such as structural borings, drillings, and geophysical 
testing. 

 The proposed location of development features (buildings, roads, 
utilities, walls, etc.).  

Important: If the proposed development is located on areas that may otherwise 
be suitable for BMP location, or if the proposed grading plan is such that potential 
BMP locations are eliminated, the Designer is strongly encouraged to revisit the 
proposed layout and grading plan and adjust the development plan as necessary. 
Full build-out of areas suitable for infiltration BMPs should not preclude the use 
of BMPs for volume reduction and groundwater recharge. BMPs can often be 
built under structures such as play grounds, ball fields, parking areas, etc. 
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9.6.3  Step 2:  Test Pits (Deep Holes) 

A Test Pit (Deep Hole) allows visual observation of the soil horizons and overall 
soil conditions both horizontally and vertically in that portion of the site. An 
extensive number of Test Pit observations can be made across a site at a relatively 
low cost and in a short time period. The use of soil borings as a substitute for Test 
Pits strongly is discouraged, as visual observation is narrowly limited in a soil 
boring and the soil horizons cannot be observed in-situ, but must be observed 
from the extracted borings. Borings and other procedures, however, might be 
suitable for initial screening to develop a preliminary plan for testing, or 
verification testing. 

A Test Pit typically consists of a backhoe-excavated trench, 2-1/2 to 3 feet wide, 
to a depth of between 72 inches and 90 inches, or until bedrock or fully saturated 
conditions are encountered. The trench should be benched at a depth of 2-3 feet 
for access and/or infiltration testing. 

At each Test Pit, the following conditions should be noted and described. Depth 
measurements should be described as depth below the ground surface: 

 Soil Horizons (upper and lower boundary)  

 Soil Texture and Color for each horizon  

 Color Patterns (mottling) and observed depth  

 Depth to Water Table  

 Depth to Bedrock  

 Observance of Pores or Roots (size, depth)  

 Estimated Type and Percent Coarse Fragments  

 Hardpan or Limiting Layers  

 Strike and dip of horizons (especially lateral direction of flow at 
limiting layers)  

 Additional comments or observations  

The Sample Soil Log Form from Appendix C of the BMP Manual may be used 
for documentation of each Test Pit.  

At the Designer's discretion, soil samples may be collected at various horizons for 
additional analysis. Following testing, the test pits should be refilled with the 
original soil and the surface replaced with the original topsoil. A Test Pit should 
never be accessed if soil conditions are unsuitable for safe entry, or if site 
constraints preclude entry. OSHA regulations should always be observed. 
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It is important that the Test Pit provide information related to conditions at the 
bottom of the proposed Infiltration BMP. If the BMP depth will be greater than 90 
inches below existing grade, deeper excavation will be required. However, such 
depths are discouraged, especially in Karst topography. Except for surface 
discharge BMPs (filter strips, etc.) the designer is cautioned regarding the 
proposal of systems that are significantly lower than the existing topography. The 
suitability for infiltration may decrease, and risk factors are likely to increase. 
Locations that are not preferred for testing and subsurface infiltration BMPs 
include swales, the toe of slopes for most sites, and soil mantels of less than three 
feet in Karst topography. 

The designer and contractors should reduce grading and earthwork as needed to 
reduce site disturbance and compaction so that a greater opportunity exists for 
testing and stormwater management. 

The number of Test Pits varies depending on site conditions and the proposed 
development plan. General guidelines are as follows: 

 For single-family residential subdivisions with on-lot BMPs, one test 
pit per lot is recommended, preferably within 25 feet of the proposed 
BMP area. Verification testing should take place when BMPs are sited 
at greater distances.  

 For multi-family and high density residential developments, one test 
pit per BMP area or acre is recommended.  

 For large infiltration areas (basins, commercial, institutional, 
industrial, and other proposed land uses), multiple test pits should be 
evenly distributed at the rate of four (4) to six (6) tests per acre of 
BMP area.  

The recommendations above are guidelines. Additional tests should be conducted 
if local conditions indicate significant variability in soil types, geology, water 
table levels, bedrock, topography, etc. Similarly, uniform site conditions may 
indicate that fewer test pits are required. Excessive testing and disturbance of the 
site prior to construction is not recommended.  

9.6.4  Step 3:  Infiltration Tests/Permeability Tests 

A variety of field tests exist for determining the infiltration capacity of a soil. 
Laboratory tests are strongly discouraged, as a homogeneous laboratory sample 
does not represent field conditions. Infiltration tests should be conducted in the 
field. Tests should not be conducted in the rain or within 24 hours of significant 
rainfall events (>0.5 inches), or when the temperature is below freezing. 
However, the preferred testing is between January and June, the wet season. This 
is the period when infiltration is likely to be diminished by saturated conditions. 
Percolation tests carried out between June 1 and December 31or in generally dry 
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weather should use a 24 hour presoaking before the testing. This procedure is not 
required for Infiltrometer testing, or permeometer testing. 

At least one test and preferably several tests should be conducted at the proposed 
bottom elevation of an infiltration BMP, and a minimum of two tests per Test Pit 
is recommended. More tests may be warranted if the results for first two tests are 
substantially different. The highest rate (inches/hour) for test results should be 
discarded when more than two are employed for design purposes. The geometric 
mean should be used to determine the average rate following multiple tests. 

Based on observed field conditions, the Designer may elect to modify the 
proposed bottom elevation of a BMP. Personnel conducting Infiltration Tests 
should be prepared to adjust test locations and depths depending upon observed 
conditions. 

Methodologies discussed include: 

 Double-ring Infiltrometer tests.  

 Percolation tests (such as for on-site wastewater systems and described 
in Pa Code Chapter 73).  

There are differences between the two methods. A Double-ring Infiltrometer test 
estimates the vertical movement of water through the bottom of the test area. The 
outer ring helps to reduce the lateral movement of water in the soil. A percolation 
test allows water movement through both the bottom and sides of the test area. 
For this reason, the measured rate of water level drop in a percolation test must be 
adjusted to represent the discharge that is occurring on both the bottom and sides 
of the percolation test hole. 

For infiltration BMPs, it is advised that an Infiltration Test be carried out with a 
double ring infiltrometer rather than percolation test to determine the saturated 
hydraulic conductivity rate. This precaution is taken to account for the fact that 
mainly the bottom surface of the basin functions to infiltrate, as measured by the 
test. Other testing methodologies and standards are available but not discussed in 
detail. 

Methodology for Double-Ring Infiltrometer Field Test  

A Double-ring Infiltrometer consists of two concentric metal rings. The 
rings are driven into the ground and filled with water. The outer ring helps 
to prevent divergent flow. The drop in water level or volume in the inner 
ring is used to calculate an infiltration rate. The infiltration rate is 
determined as the amount of water per surface area and time unit that 
penetrates the soils. The diameter of the inner ring should be 
approximately 50% to 70% of the diameter of the outer ring, with a 
minimum inner ring size of 4-inches, preferably much larger. Double-ring 
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infiltrometer testing equipment that is designed specifically for that 
purpose may be purchased. However, field testing for stormwater BMP 
design may also be conducted with readily available materials. 

Typical equipment for Double-Ring Infiltrometer Test:  

 Two concentric cylinder rings 6-inches or greater in height. 
Inner ring diameter equal to 50% - 70% of outer ring diameter 
(i.e., an 8-inch ring and a 12-inch ring). Material typically 
available at a hardware store may be acceptable.  

 Water supply  

 Stopwatch or timer  

 Ruler or metal measuring tape  

 Flat wooden board for driving cylinders uniformly into soil  

 Rubber mallet  

 Log sheets for recording data  

Typical Procedure for Double Ring Infiltrometer Test  

1. Prepare level testing area.  

2. Place outer ring in place; place flat board on ring and drive ring 
into soil to a minimum depth of two inches.  

3. Place inner ring in center of outer ring; place flat board on ring 
and drive ring into soil a minimum of two inches. The bottom 
rim of both rings should be at the same level.  

4. The test area should be presoaked immediately prior to testing. 
Fill both rings with water to water level indicator mark or rim 
at 30 minute intervals for 1 hour. The minimum water depth 
should be 4-inches. The drop in the water level during the last 
30 minutes of the presoaking period should be applied to the 
following standard to determine the time interval between 
readings:  

 If water level drop is 2-inches or more, use 10-minute 
measurement intervals.  

 If water level drop is less than 2-inches, use 30-minute 
measurement intervals.  

5. Obtain a reading of the drop in water level in the center ring at 
appropriate time intervals. After each reading, refill both rings 
to water level indicator mark or rim. Measurement to the water 
level in the center ring shall be made from a fixed reference 
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point and shall continue at the interval determined until a 
minimum of eight readings are completed or until a stabilized 
rate of drop is obtained, whichever occurs first. A stabilized 
rate of drop means a difference of 1/4 inch or less of drop 
between the highest and lowest readings of four consecutive 
readings.  

6. The drop that occurs in the center ring during the final period 
or the average stabilized rate, expressed as inches per hour, 
shall represent the infiltration rate for that test location.  

Typical Methodology for Percolation Test  

 Equipment for Percolation Test:  

- Post hole digger or auger  

- Water supply  

- Stopwatch or timer  

- Ruler or metal measuring tape  

- Log sheets for recording data  

- Knife blade or sharp-pointed instrument (for soil 
scarification)  

- Course sand or fine gravel  

- Object for fixed-reference point during measurement 
(nail, toothpick, etc.)  

Typical Procedure for Percolation Test  

This percolation test methodology is based largely on the Pennsylvania 
Department of Environmental Protection (PADEP) criteria for on-site 
sewage investigation of soils (as described in Chapter 73 of the 
Pennsylvania Code). This should include the 24 hour presoak procedure 
during dry weather. The presoak is done primarily to simulate saturated 
conditions in the environment (generally Spring) and to minimize the 
influence of unsaturated flow.  

1. Prepare level testing area.  

2. Prepare hole having a uniform diameter of 6 to 10 inches and a 
depth of 8 to 12-inches. The bottom and sides of the hole 
should be scarified with a knife blade or sharp-pointed 
instrument to completely remove any smeared soil surfaces and 
to provide a natural soil interface into which water may 
percolate. Loose material should be removed from the hole.  
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3. (Optional) two inches of coarse sand or fine gravel may be 
placed in the bottom of the hole to protect the soil from 
scouring and clogging of the pores.  

4. Test holes should be presoaked immediately prior to testing. 
Water should be placed in the hole to a minimum depth of 6 
inches over the bottom and readjusted every 30 minutes for 1 
hour.  

5. The drop in the water level during the last 30 minutes of the 
final presoaking period should be applied to the following 
standard to determine the time interval between readings for 
each percolation hole:  

 If water remains in the hole, the interval for readings 
during the percolation test should be 30 minutes.  

 If no water remains in the hole, the interval for readings 
during the percolation test may be reduced to 10 
minutes.  

6. After the final presoaking period, water in the hole should 
again be adjusted to a minimum depth of 6-inches and 
readjusted when necessary after each reading. A nail or marker 
should be placed at a fixed reference point to indicate the water 
refill level. The water level depth and hole diameter should be 
recorded.  

7. Measurement to the water level in the individual percolation 
holes should be made from a fixed reference point and should 
continue at the interval determined from the previous step for 
each individual percolation hole until a minimum of eight 
readings are completed or until a stabilized rate of drop is 
obtained, whichever occurs first. A stabilized rate of drop 
means a difference of 1/4 inch or less of drop between the 
highest and lowest readings of four consecutive readings.  

8. The drop that occurs in the percolation hole during the final 
period, expressed as inches per hour, shall represent the 
percolation rate for that test location.  

9. The average measured rate must be adjusted to account for the 
discharge of water from both the sides and bottom of the hole 
and to develop a representative infiltration rate. The 
average/final percolation rate should be adjusted for each 
percolation test according to the following formula:  

Infiltration Rate = (Percolation Rate) / (Reduction Factor)  
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Where the Reduction Factor is given by**:  
∆

+1 

With:  

Initial Water Depth (in.)  

∆ Average/Final Water Level Drop (in.)  

Diameter of the Percolation Hole (in.)  

The Percolation Rate is simply divided by the Reduction Factor as 
calculated above or shown in the table below to yield the representative 
Infiltration Rate. In most cases, the Reduction Factor varies from about 2 
to 4 depending on the percolation hole dimensions and water level drop – 
wider and shallower tests have lower Reduction Factors because 
proportionately less water exfiltrates through the sides. For design 
purposes additional safety factors may be employed (see Step 4. 
Infiltration Systems Design and Construction Guidelines). 

**The area Reduction Factor accounts for the exfiltration occurring 
through the sides of percolation hole. It assumes that the percolation rate is 
affected by the depth of water in the hole and that the percolating surface 
of the hole is in uniform soil. If there are significant problems with either 
of these assumptions then other adjustments may be necessary. 

9.6.5  Step 4:  Design and Construction Considerations and 
Guidelines for Infiltration Systems 

The purpose of these guidelines is to provide the designer with specific guidelines 
for the successful construction and long-term performance of Infiltration BMPs. 
These guidelines fall into three categories: 

1. Site conditions and constraints 

2. Design considerations 

3. Construction requirements 

All of these guidelines are important, and successful infiltration is dependent on 
careful consideration of site conditions, careful design, and careful construction. 

Site Conditions and Constraints  

 It is desirable to maintain a 2-foot clearance above regularly 
occurring seasonally high water table. This reduces the 
likelihood that temporary groundwater mounding will affect 
the system, and allows sufficient distance of water movement 
through the soil to allow adequate pollutant removal. Some 
minor exceptions for very shallow systems and on grade 
systems such as filter strips, buffers, etc. 
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 It is desirable to maintain a minimum depth to bedrock of 2-
feet to assure adequate pollutant removal. In special 
circumstances, filter media may be employed to remove 
pollutants if adequate soil mantle does not exist. 

 It is desired that soils underlying infiltration BMPs should have 
infiltration rates between 0.1 and 10 inches per hour, which in 
most development programs should result in reasonably sized 
infiltration systems. Where soil permeability is extremely low, 
infiltration may still be possible but the surface area required 
could be large, and other volume reduction methods may be 
warranted. Undisturbed Hydrologic Soil Groups B and C often 
fall within this range and cover most of the state. Soils with 
rates in excess of 6.0 inches per hour may require an additional 
soil buffer (such as an organic layer over the bed bottom) if the 
Cation Exchange Capacity (CEC) is less than 5 and pollutant 
loading is expected to be significant. In carbonate soils, 
excessively rapid drainage may increase the risk of sinkhole 
formation, and some compaction or additional soil may be 
appropriate. 

 If an impermeable layer or a layer with very low permeability 
is encountered, an infiltration feature can be made deeper to get 
past the layer and the elevation made up with stone or 
engineered soil. But placing stone or engineered soil over an 
impermeable layer or a layer with very low permeability 
will not improve the permeability of that layer. Infiltration is 
governed by the most restrictive layer. 

 Under drains may be added either as a safeguard to assure 
complete drainage and/or to achieve partial infiltration in areas 
with infiltration rates unsuited or only marginally suited to 
infiltration. 

 Infiltration BMPs should be sited so that any risk to 
groundwater quality is minimized. Horizontal separation 
distances or buffers may also be appropriate from abandoned 
mines and Special Geologic Features, such as fractures traces 
and faults. 

 Infiltration BMPs should be sited so that they present no threat 
to sub-surface structures, at least 10 feet down gradient or 100 
feet up gradient from building basement foundations, and 50 
feet from septic system drain fields unless specific 
circumstances allow for reduced separation distances. 
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In general, soils of Hydrologic Soil Group D will not be suitable for 
infiltration. Similarly, areas of floodplains and areas of close proximity to 
wetlands and streams will generally not be suitable for infiltration (due to 
high water table and/or low permeability).  

Design Considerations  

 Do Not Infiltrate in Compacted Fill. Infiltration in native soil 
without prior fill or disturbance is preferred but not always 
possible. Areas that have experienced historic disturbance or 
fill are suitable for infiltration provided sufficient time has 
elapsed (>5 years) and the Soil Testing indicates the infiltration 
is feasible. In disturbed areas, it may be necessary to infiltrate 
at a depth that is beneath soils that have previously been 
compacted by construction methods or long periods of 
mowing. 

 A Level Infiltration Area (1% or less slope) is preferred. Bed 
bottoms should always be graded into the existing soil mantle, 
with terracing as required to construct flat structures. Sloped 
bottoms tend to pool and concentrate water in small areas, 
reducing the overall rate of infiltration and longevity of the 
BMP. Infiltration areas should be flat, nearly so, or on contour. 

 The soil mantle should be preserved to the maximum extent 
possible and excavation should be minimized. Those soils that 
do not need to be disturbed for the development should be left 
undisturbed. Macropores can provide a significant mechanism 
for water movement in infiltration systems, and the extent of 
macropores often decreases with depth. Maximizing the soil 
mantle also increases the pollutant removal capacity and 
reduces concerns about groundwater mounding. Therefore, 
excessive excavation for the construction of infiltration 
systems is strongly discouraged. 

 Isolate “hot spot areas”. Site plans that include ‘hot spots’ need 
to be considered. ‘Hot spots’ are most often associated with 
some industrial uses and high traffic such as gasoline stations, 
vehicle maintenance areas, and high intensity commercial uses 
(fast food restaurants, convenience stores, etc.). These “hot 
spots” are defined in Section 3.3 of the PA BMP Manual, 
Stormwater Standards for Special Areas. Infiltration may occur 
in areas of hot spots provided pretreatment is suitable to 
address concerns. Pretreatment requirements need to be 
analyzed, especially for ‘hot spots’ and areas that produce high 
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sediment loading. Pretreatment devices that operate effectively 
in conjunction with infiltration include grass swales, vegetated 
filter strips, settling chambers, oil/grit separators, constructed 
wetlands, sediment sumps, and water quality inserts. The 
pollutants of greatest concern, site by site, should guide 
selection of pretreatment depending upon the nature and extent 
of the land development under consideration. Selection of 
pretreatment techniques will vary depending upon whether the 
pollutants are of a particulate (sediment, phosphorus, metals, 
etc.) versus soluble (nitrogen and others) nature. Types of 
pretreatment (i.e., filters) should be matched with the nature of 
the pollutants expected to be generated. 

 The Loading Ratio of impervious area to bed bottom area must 
be considered. One of the more common reasons for infiltration 
system failure is the design of a system that attempts to 
infiltrate a substantial volume of water in a very small area. 
Infiltration systems work best when the water is “spread out”. 
The Loading Ratio describes the ratio of imperious drainage 
area to infiltration area, or the ratio of total drainage area to 
infiltration area. In general, the following Loading Ratio 
guidelines are recommended: 

- Maximum Impervious Loading Ratio of 5:1 relating 
impervious drainage area to infiltration area. 

- A Maximum Total Loading Ratio of 8:1 relating total 
drainage area to infiltration area. 

- Maximum Impervious Loading Ratio of 3:1 relating 
impervious drainage area to infiltration area for Karst 
areas. 

 The Hydraulic Head or Depth of Water should be limited. The 
total effective depth of water should generally not be greater 
than two feet to avoid excessive pressure and potential sealing 
of the bed bottom. Typically the water depth is limited by the 
Loading Ratio and Drawdown Time and is not an issue. 

 Drawdown Time must be considered. In general, infiltration 
BMPs should be designed so that they completely empty 
within 72 hours. Refer to the City Code for specific 
requirements for the site location. Under drains may be added 
as a safety feature to ensure complete drainage in areas with 
marginal infiltration rates. 
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 For the purposes of site suitability, areas with tested soil 
infiltration rates as low as 0.1 inches per hour may be used for 
infiltration BMPs. However, in the design of these BMPs and 
the sizing of the BMP, the designer should incorporate a safety 
factor. Safety factors between 1 (no adjustment) and 10 have 
commonly been used in the design of stormwater infiltration 
systems, with a factor of two being recommended for most 
cases. 

 For percolation tests in loams and finer soils (silty loam, clay 
loams, silty clay loams, sandy clay loams, clays), a minimum 
design safety factor of three (3) is recommended after using the 
reduction formula. This higher factor is to account for the 
unwanted capillary suction force that can occur from 
unsaturated conditions during percolation testing. Therefore, a 
percolation rate of 0.5 inches per hour (after reduction formula) 
should generally be considered as a rate of 0.25 inch per hour 
when designing an infiltration BMP for a sandy loam. The 
same rate for a loam would yield a design rate of 0.17 
inch/hour. 

 For other test procedures, a safety factor of 3 should also be 
considered for problem or less preferred locations, basins, 
swales, toe of slopes, loadings greater than 5:1 (drainage area 
to infiltration area), etc. 

 All infiltration BMPs should be designed with a positive 
overflow that discharges excess volume in a non-erosive 
manner and allows for controlled discharge during extreme 
rainfall events or frozen bed conditions. Infiltration BMPs 
should never be closed systems dependent entirely upon 
infiltration in all situations. 

 A filter layer of finer material or geotextile should be 
incorporated into the design as necessary in certain infiltration 
BMPs. Infiltration BMPs that are subject to soil movement and 
deposition must be constructed with suitably well-draining 
filter layer to prevent to movement of fines and sediment into 
the infiltration system. The designer is encouraged to err on the 
side of caution and use filter layers as necessary at the 
soil/BMP interface. 

 Avoid severe slopes (>20%) and toes of slopes, where possible. 
Specific on-site investigations by experienced personnel need 
to be made to determined acceptability of each case. 
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 As discussed in Section 9 of the PA BMP Manual, infiltration 
systems can be modeled similarly to traditional detention 
basins. The marked difference with modeling infiltration 
systems is the inclusion of the infiltration rate, which can be 
considered as another outlet. For modeling purposes, it is 
convenient to develop infiltration rates that vary (based on the 
infiltration area provided as the system fills with runoff) for 
inclusion in the Stage-Storage-Discharge table. 

Construction Requirements  

 Do not compact soil of infiltration beds during construction. 
Prohibit all heavy equipment from the infiltration area and 
minimize all other traffic. Equipment should be limited to 
vehicles that will cause the least compaction, such as tracked 
vehicles. 

 Protect the infiltration area from sediment until the surrounding 
site is completely stabilized. Methods to prevent sediment from 
washing into BMPs should be clearly shown on plans. Where 
geo-textile is used as a bed bottom liner, this should be 
extended several feet beyond the bed and folded over the edge 
to protect from sediment wash into the bed during construction, 
and then trimmed. Runoff from construction areas should never 
be allowed to drain to infiltration BMPs. This can usually be 
accomplished by diversion berms and immediate vegetative 
stabilization. The infiltration area may be used as a temporary 
sediment trap or basin during earlier stages of construction. 
However, if an infiltration area is also to be utilized as a 
temporary sediment basin, excavation should be limited to 1 
foot or more above the final bottom invert of the infiltration 
BMP to prevent clogging and compacting the soil horizon, and 
final grade removed when the contributing site is fully 
stabilized. All infiltration BMPs should be finalized at the end 
of the construction process, when upstream soil areas have a 
dense vegetative cover. 

 Provide thorough construction oversight. Long-term 
performance of infiltration BMPs is dependent on the care 
taken during construction. Plans and specifications must be 
followed precisely. The designer is encouraged to meet with 
the contractor to review the plans and construction sequence 
prior to construction, and to inspect the construction at regular 
intervals and prior to final acceptance of the BMP. 



 

Pittsburgh Water & Sewer Authority 
Procedures Manual for Developers 
Version 6 – Issued 01/15   9-28 

 Provide Quality Control of Materials. As with all BMPs, the 
final product is only as good as the materials and workmanship 
that went into it. The designer is encouraged to review and 
approve materials and workmanship, especially as related to 
aggregates, geotextiles, soil and topsoil, and vegetative 
materials. 

9.7  Common Causes of Infiltration BMP “Failures” 

The concept of failure is simple; meaning a design no longer provides the benefit or 
performance anticipated. With respect to stormwater infiltration BMPs, the term requires 
some qualification, since the net result of “failure” may be a reduction in the volume of 
runoff infiltrated or the discharge of stormwater with excessive levels of some pollutants. 
Where the system includes built structures, such as porous pavements, failure may 
include loss of structural integrity for the wearing surface, whereas the infiltration 
function may continue uncompromised. For infiltration systems with vegetated surfaces, 
such as play fields or rain gardens, failure may include the inability to support surface 
vegetation, caused by too much or too little water. 

The primary causes of reduced performance appear to be: 

 Poor construction techniques, especially soil compaction/smearing, which 
results in significantly reduced infiltration rates. 

 A lack of site soil stabilization prior to the BMP receiving runoff, which 
greatly increases the potential for sediment clogging from contiguous land 
surfaces. 

 Inadequate pretreatment, especially of sediment-laden runoff, which can cause 
a gradual reduction of infiltration rates. 

 Lack of proper maintenance (erosion repair, re-vegetation, removal of detritus, 
catch basin cleaning, vacuuming of pervious pavement, etc.), which can 
reduce the longevity of infiltration BMPs. 

 Inadequate design. 

Infiltration systems should always be designed such that failure of the infiltration 
component does not completely eliminate the peak rate attenuation capability of the 
BMP. Because infiltration BMPs are designed to infiltrate small, frequent storms, the loss 
or reduction of this capability may not significantly impact the storage and peak rate 
mitigation of the BMP during extreme events. 

9.8  Retention Volume Calculations 

The first thing to determine is the volume of water that should be retained and infiltrated 
onsite if possible. There are two methods that may be used for these calculations. One is 
to retain and infiltrate the entire volume of the two year storm for the entire site. The 
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other is to retain and infiltrate the entire volume produced by one inch of rain falling on 
the total impervious area of the site. Since the latter is simpler, we will look at that first: 

9.8.1  Retention Volume Calculation by Impervious Area 

The following calculation is taken from equations Chapters 2 & 6 of the NRCS 
Urban Hydrology for Small Watersheds TR-55 and simplified for a CN of 98 for 
impervious cover and one inch of rainfall: 

	 	 	 	 	  
	 	 	 	  
0.066 ∗  

 

This volume should be retained on every site if possible and at least half of it 
should be infiltrated into the ground even if a part is reused or evapotranspirated 
by vegetation. If retention is not feasible, this volume should be detained a 
minimum of 24 hours (maximum of 72 hours). See Section 1003 of the City of 
Pittsburgh Code and Chapter 3 of the PA BMP Manual for additional details. 

9.8.2  Retention Sizing Volume by Detailed Analysis of 2-Year 
Storm Event 

By this method, the difference between the preconstruction and post construction 
runoff volumes for the 2 year storm event are calculated. The City of Pittsburgh 
has detailed requirements that must be followed; specifically that all existing 
(preconstruction) pervious area that is not forested must be considered as 
‘meadow’ for calculations and 20% of all existing (preconstruction) impervious 
area must also be considered ‘meadow’. The following is a list of suggested CN 
values adapted from Chapter 2 of the NRCS Urban Hydrology for Small 
Watersheds TR-55 to be used for calculations: 

 

Cover Type Hydrological Soil Group* 
A B C D 

Impervious (Concrete, Asphalt, Roofs, etc.) 98 98 98 98 
Meadow 30 58 71 78 
Woods/Forest 30 55 70 77 
Gravel roads and lots (Just gravel over soil 
only) 

76 85 89 91 

Grass/Lawn 39 61 74 80 
 

* Hydrological Soil Group information can be found online at the NRCS Web Soil 
Survey site http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm or from hard 
copies of the Allegheny County Soil Survey if available. If a soil is assigned to a dual 
hydrologic group (A/D, B/D, or C/D), the first letter is for drained areas and the 
second is for undrained areas. Only the soils that in their natural condition are in 
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group D are assigned to dual classes. Soils with no HSG are a judgment call. 
Hydrologic Soil Groups can be verified by testing.   

Hydraulic Conductivity of Hydrological Soil Groups 
Hydrological Soil Group Saturated Hydraulic Conductivity 

(inches/hour) 
A >0.3 
B 0.15-0.30 
C 0.05-0.15 
D <0.05 

 

Storm Event Values for TR-55 

The following values for TR55 calculations in Allegheny County 
Pennsylvania are taken from the PA DEP Erosion and Sediment Pollution 
Control Manual: 

24 Hour Rainfall Events for TR-55 in Allegheny County Pennsylvania (inches) 
1 Year 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 

2.3 2.6 3.3 3.9 4.4 4.9 5.2 
 

Sample Calculation of BMP Sizing Based on 2 Year Storm Event 

The following is an example of how to calculate the volume that should be 
retained onsite based on the change in volume of the 2 year storm event 
before and after the proposed project. Some prior knowledge of 
stormwater calculation is assumed. Using a weighted CN value will give a 
false low volume. The volume of each area should be computed and added 
together. 

Example: 

Existing/Preconstruction conditions: 

Actual Existing/Preconstruction Conditions 
Cover Soil Type HSG CN Area (ft2) 
Forest UCD C 70 15000 
Forest CuC B 55 15000 
Lawn CuC B 61 10000 

Asphalt CuC B 98 10000 
   Total 50000 

 
Per City Code and DEP Guidelines located in Chapter 3 of the PA BMP 
Manual, the lawn in this example is counted as meadow and 20% of the 
asphalt is also counted as meadow. Thus the following is the proper way 
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to calculate the runoff volume for the existing/preconstruction conditions 
in the table above: 

 

 
Sample calculations: 

Existing/Preconstruction Volume calculation: 

Q=runoff, meaning the portion of rainfall that will flow over ground (in) 

P=rainfall for design storm event (in) (in this example 2.6 inches for the 
2-year storm) 

S=potential maximum retention after rainfall begins (in) 

A= area (ft2) 

V= Volume (ft3) 

 

1000
10

1000
70

10 4.3 

0.2
0.8

2.6	 0.2 4.3
2.6	 0.8 4.3

0.50	  

∗
0.50	

12	 /
∗ 15000 627	  

 

Proposed/post construction conditions: 

Proposed/Post Construction Conditions 
Cover Soil Type HSG CN Area 
Forest UCD C 70 10000 
Forest CuC B 55 10000 
Lawn CuC B 61 15000 
Asphalt CuC B 98 12000 
Building CuC B 98   3000 
   Total 50000 

 

 
No adjustments are required. Therefore the Proposed/Post Construction 
Volume calculation should be as shown below: 

Existing/Preconstruction Volume Calculations Including Regulatory Adjustments 
Cover HSG CN Area (ft2) S (in) Q (in) V (ft3) 
Forest C 70 15000 4.3 0.50   627 
Forest B 55 15000 8.2 0.10   125 
Meadow B 58 12000 7.2 0.14   140 
Asphalt B 98   8000 0.2 2.40 1600 
Totals 50000   2492 
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Proposed/Post Construction Volume Calculations 
Cover HSG CN Area S (in) Q (in) V (ft3) 
Forest C 70 10000 4.3 0.50 417 
Forest B 55 10000 8.2 0.10 83 
Lawn B 61 15000 6.4 0.23 288 
Impervious B 98 15000 0.2 2.40 3000 
Totals 50000   3788 

 
Retention volume required =Total Existing Volume-Total Proposed 
Volume = 3788 ft3-2492 ft3=1306 ft3 

9.8.3  Structure Sizing 

The retention volume may be retained in one large structure or several smaller 
ones. The volume retained in any individual structure is calculated as the bottom 
area of the infiltration structure times the depth of stormwater retained in that 
structure. For subsurface structures, the depth should be multiplied by the void 
ratio. Subsurface structures using a combination of stone and piping or other 
structures to increase subsurface storage and structures with sloped sides are more 
complex to calculate and it is beyond the scope of this chapter to cover every 
specific case and/or situation. A competent design professional should be 
consulted for the specifics of the project. For subsurface structures filled with 
stone, this should be multiplied by 0.4 to represent the 40% void space. For 
example: a 20 ft. x 20 ft. subsurface basin filled with stone is designed to retain 
and infiltrate 1 ft. of stormwater can store the following volume: 

20 ∗ 20 ∗ 1 ∗ 0.4 160 	 

The depth of water retained should be checked against the infiltration rate of the 
soil as derived from testing and calculations in previous sections above. This 
would be the depth divided by the design infiltration rate. For subsurface 
structures, void space still applies. For example: A subsurface structure retaining 
1ft of stormwater is filled with stone and has a soil design infiltration rate of 0.15 
inch per hour. 

 

1 ∗ 0.4/ 0.15	 ⁄ 2.67  

2.67 hours is less than the suggested 72 hour drawdown requirement and therefore 
meets the design criteria. 

9.9  Rules of Thumb for Green Stormwater Design 

 All systems should be designed to safely convey a minimum overflow rate 
and volume equivalent to the unmitigated 25 year storm event. This must go 
to an appropriately sized storm lateral unless other means of legal stormwater 
conveyance, such as an open air stream is available. In addition all individual 
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structures and/or features should have such an overflow, whether it overflows 
into another structure and/or feature or ultimately flows off site. 

 All systems, whether retention or detention designs, should drain the entire 
design volume of stormwater within 72 hours unless specifically designed as a 
permanent pond. This time limit prevents mosquito breeding and allows for 
the structure to be ready for the next rain event in a reasonable amount of 
time. Refer to the City Code for specific requirements for the site location. 

 All systems using infiltration should have proper soil testing and infiltration 
testing done onsite to verify infiltration rates prior to design. This testing 
should be done within the actual proposed footprint of the structure(s) and at 
all proposed excavated bottom elevation(s). 

 All systems with open water (either surface water or subsurface water open to 
the atmosphere) that is permanent or semipermanent (normally taking in 
excess of 72 hours to drain) should have some means of mosquito control. 
This may be fish or other predatory fauna stocked into suitable sized surface 
waters or organic controls such as ‘mosquito dunks’ or other similar products. 
Recirculating filters and/or fountains are also an option, but generally less 
desired. 

 All systems should be designed by a professional with expertise in stormwater 
designs and capable of stamping the design with a registered seal. Normally 
this is a registered professional engineer, surveyor, or landscape architect.  

 All systems should have a maintenance plan describing in detail all required 
maintenance and the proper maintenance intervals. This should include a list 
of any required parts, materials, depths, elevations and any other pertinent 
information required for an individual not involved in the original design to be 
able to adequately perform the required maintenance. A copy of this 
maintenance plan should be filed with the County Recorder of Deeds. It is 
advisable to set up a maintenance contract with a qualified contractor, but this 
is not a replacement for a maintenance plan. 

 Unless there is an approved Stormwater Management Plan for the watershed 
in which the project is located, all design calculations should be in accordance 
with the most recent final version of the Pennsylvania Stormwater Best 
Management Practices Manual (BMP Manual). For general runoff 
calculations, SCS TR-55 method should be used for larger sites and the 
Rational Method as described in Penn DOT Publication 584 Drainage Manual 
used for smaller ones. See references for links to these publications. 

 All stormwater related structures should be placed where they can be easily 
accessed for inspection and maintenance. 

 Any structures or systems serving multiple properties should have a recorded 
legal agreement specifying the owner(s) responsible for continued 
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maintenance and repairs. This legal entity should have a means of funding the 
maintenance and repairs. This legal ownership and responsibility should be 
included in the maintenance plan recorded with the County Recorder of 
Deeds. 

 If possible, the peak flow rate should be reduced to 50% of the 
predevelopment peak flow rate for the 2, 5, 10, 25, 50, & 100 year storm 
events. And the 2 year storm event should be retained on site and infiltrated 
into the soil. Refer to the City Code for specific requirements for the site 
location. 

 Infiltration areas should be protected from compaction, which may alter 
infiltration rates, during construction activities. 

 Infiltration should not be done in the following areas: 

- Steep and/or slide prone areas. 

- In fill material less than 5 years old. 

- In brown fields and other locations where soil contamination is 
suspected, unless approved by DEP. 

- Where there is a shallow depth to bedrock (typically less than 2 feet). 

- Where a building basement or similar structure is within 10 feet unless 
an impervious barrier is used to protect this structure. 

- Where it may negatively impact neighboring properties. 

- Where previous mining activities may cause issues. 

- Areas that will require heavy compaction during construction to 
achieve other geotechnical goals. 

9.10  Common Applications 

The following is a list of common stormwater structures with a brief description of each. 
These structures are all based on the design principles above and may incorporate several 
of them at once. Structures may also be linked together for additional benefits. 

9.10.1  Green Roofs/Vegetated Roofs/Roof Top Detention 

Green roofs are generally designed to use vegetation and natural or engineered 
soil, possibly including other structures, to treat and detain stormwater runoff on 
the roof of a building or other similar structure. Some water will be retained and 
used by the vegetation as well, but there is no connection to the native ground for 
infiltration. Roof top detention collects stormwater on the roof and detains it for 
slower release without the use of soil or vegetation. Vegetated roofs are generally 
divided into extensive and intensive designs. 
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An extensive vegetated roof is a veneer of vegetation that is grown on and 
completely covers an otherwise conventional flat or pitched roof (< 30 slope), 
endowing the roof with hydrologic characteristics that more closely match surface 
vegetation than the roof. The overall thickness of the veneer may range from 2 to 
6 inches and may contain multiple layers, consisting of waterproofing, synthetic 
insulation, non-soil engineered growth media, fabrics, and synthetic components. 
Extensive Vegetated roofs have many benefits, such as reduced energy bills due 
to added insulating properties, but are usually designed primarily for stormwater 
treatment. 

Intensive vegetated roof cover is generally much deeper, usually a foot or more, 
and often is more like a roof top garden using engineered or natural soil. These 
designs are almost always on flat roofs. Intensive vegetated roofs can provide 
good stormwater management, but are often designed for aesthetics. 

Vegetated roof covers can be optimized to achieve water quantity and water 
quality benefits. Through the appropriate selection of materials, even thin 
vegetated covers can provide significant rainfall retention and detention functions. 

A green or vegetated roof generally consists of all the following: 

 Roof deck: A structural layer, usually of wood or concrete, covered by 
layer of waterproofing and usually insulation as well. This forms the 
base of the roof to protect and insulate the structure below. 

 Protection and storage layer: This consists of a root barrier and also 
includes any desired detention. 

 Drainage system: This may be part of the media or engineered soil 
function on small and/or shallow roofs systems, or more elaborate 
drainage systems consisting of plastic structures and/or piping. 

 Filter layer: This is usually a root permeable layer designed to keep the 
growing media from washing into the drainage system. 

 Growing media: Engineered or natural soil for plants to grow in. This 
is usually an engineered media containing mostly inorganics for 
extensive green roofs. 

 Vegetation: For extensive green roofs, the plant selection is limited to 
alpine type plants suited to exposed sites with shallow soil, such as 
sedum species. Intensive green roofs however can support a wider 
variety of plants and in some cases even trees. 

Additional design considerations: 

 Vegetated roof covers intended to achieve water quality benefits 
should not be fertilized. 
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 Irrigation is not a desirable component of vegetated covers used as 
best management practices, but gray water or recycled stormwater may 
be used for this purpose. 

 Internal building drainage should anticipate the need to include 
provisions to cover and protect deck drains or scuppers.  

 Sloped roofs must incorporate supplemental measures to insure 
stability against sliding. 

 The roof structure must be evaluated for compatibility with the 
maximum predicted dead and live loads. Typical dead loads for wet 
extensive vegetated covers range from 8 to 36 pounds per square foot. 
A structural engineer should be consulted regarding loads. 

 The waterproofing must be resistant to biological and root attack. In 
many instances a supplemental root-fast layer is installed to protect the 
primary waterproofing membrane from plant roots. 

 Vegetated roof covers are an “at source” measure for reducing the rate 
and volume of runoff released during rainfall events. The water 
retention and detention properties of vegetated roof covers can be 
enhanced through proper selection of the engineered media and plants. 
Shallow ponds or basins can also be created on roofs similar to such 
structures created on the ground with or without vegetation for use as 
detention structures. 

 Vegetated roof covers can significantly reduce this source of pollution. 
Stormwater is filtered by the growing media and filter layer and the 
vegetation itself also both filters and absorbs pollutants. Proprietary 
systems often have reduction data backed up from testing, which 
should be used for calculation of the reduction. 

 Vegetated roof covers have been used to create functional meadows 
and wetlands to make wildlife habitat. 

9.10.2  Porous/Pervious Pavement 

Porous/pervious paving is any paving surface designed to allow water to pass 
through. This term usually refers to porous/pervious concrete and porous/pervious 
asphalt, but can also refer to other types of paving as well. These other types of 
paving are often pavers made by various companies and include simulated stone 
to grids that become part of the lawn, but still allow some vehicular traffic or 
parking without erosion.  

Porous/pervious paving is most often used on top of subsurface storage used to 
detain and/or retain and infiltrate stormwater runoff. The pervious pavement may 
consist of pervious asphalt, pervious concrete, or pervious pavement units. 
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Stormwater drains through the surface, is temporarily held in the voids of the 
stone bed, and then slowly drains and/or infiltrates into the underlying, 
uncompacted soil mantle. The stone bed should be designed with an overflow 
control structure so that during large storm events peak rates are controlled, and at 
no time does the water level rise to the pavement level. A layer of geotextile filter 
fabric separates the aggregate from the underlying soil, preventing the migration 
of fines into the bed. The bed bottoms should be level and uncompacted if using 
for infiltration. If new fill is required, it should consist of additional stone and not 
compacted soil.  

Pervious pavement is not generally recommended for areas with high traffic or 
heavy loads, but is well suited for parking lots, walking paths, sidewalks, 
playgrounds, plazas, tennis courts, and other similar uses. Pervious pavement has 
been used in walkways and sidewalks. These installations typically consist of a 
shallow (8 in. minimum) aggregate trench that is sloped to follow the surface 
slope of the path. In the case of relatively mild surface slopes, the aggregate 
infiltration trench may be “terraced” into level reaches in order to maximize the 
infiltration capacity, at the expense of additional aggregate. Pervious pavement 
can be used in driveways if the homeowner is aware of the stormwater functions 
of the pavement.  Properly installed and maintained pervious pavement has a 
significant life-span, and existing systems that are more than twenty years in age 
continue to function. Because water drains through the surface course and into the 
subsurface bed, freeze-thaw cycles do not tend to adversely affect pervious 
pavement. In northern climates, pervious pavements have less of a tendency to 
form black ice and often require less plowing. Winter maintenance is described 
later. Pervious asphalt and concrete surfaces provide better traction for walking 
paths in rain or snow conditions.  

When designed, constructed, and maintained according to the following 
guidelines, pervious pavement with underlying infiltration systems can 
dramatically reduce both the rate and volume of runoff, recharge the groundwater, 
and improve water quality. Refer to the PA BMP Manual and the references listed 
at the end of this chapter for additional information, specifications, and 
references. Also refer to the section of this chapter on Subsurface Storage for 
additional information on the construction of storage space beneath the pervious 
paving area. 

Pervious pavement is most susceptible to failure difficulties during construction, 
and therefore it is important that the construction be undertaken in such as way as 
to prevent:  

 Compaction of underlying soil if used for infiltration bed. 

 Contamination of stone subbase with sediment and fines. 

 Tracking of sediment onto pavement. 
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 Drainage of sediment laden waters onto pervious surface or into 
constructed stone bed. 

Staging, construction practices, and erosion and sediment control must all be 
taken into consideration when using pervious pavements.  

Variations 

 Pervious Bituminous Asphalt  

- Pervious asphalt is standard bituminous asphalt in 
which the fines have been screened and reduced, 
allowing water to pass through small voids. Pervious 
asphalt typically consists of a single rolled layer on a 
stone subbase.  

- Because pervious asphalt is standard asphalt with 
reduced fines, it is similar in appearance to standard 
asphalt. Recent research in open-graded mixes has led 
to additional improvements in pervious asphalt through 
the use of additives and higher-grade binders. Pervious 
asphalt is suitable for use in any climate where standard 
asphalt is appropriate.  

 Pervious Concrete  

- Pervious Portland Cement Concrete, or pervious 
concrete, was developed by the Florida Concrete 
Association and has seen the most widespread 
application in Florida and southern areas. Like pervious 
asphalt, pervious concrete is produced by substantially 
reducing the number of fines in the mix in order to 
establish voids for drainage. In northern and mid-
Atlantic climates such as Pennsylvania, pervious 
concrete should always be underlain by a stone subbase 
designed for stormwater management and should never 
be placed directly onto a soil subbase.  

- While pervious asphalt is very similar in appearance to 
standard asphalt, pervious concrete has a coarser 
appearance than its conventional counterpart. Care must 
be taken during placement to avoid working the surface 
and creating an impervious layer. Additional 
information pertaining to pervious concrete, including 
specifications, is available from the Florida Concrete 
Association and the National Ready Mix Association.  

 Pervious Paver Blocks  
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- Pervious Paver Blocks consist of interlocking units 
(often concrete) that provide some portion of surface 
area that may be filled with a pervious material such as 
gravel. These units are often very attractive and are 
especially well suited to plazas, patios, small parking 
areas, etc. A number of manufactured products are 
available. As products are always being developed, the 
designer is encouraged to evaluate the benefits of 
various products with respect to the specific 
application. Many paver products recommend 
compaction of the soil and do not include a 
drainage/storage area, and therefore, they do not 
provide optimal stormwater management benefits. A 
system with a compacted subgrade will not provide 
significant infiltration.  

 Reinforced Turf and Gravel Filled Grids  

- Reinforced Turf consists of interlocking structural units 
that contain voids or areas for turf grass growth and are 
suitable for traffic loads and parking. Reinforced turf 
units may consist of concrete or plastic and are 
underlain by a stone and/or sand drainage system for 
stormwater management.  There are also products 
available that provide a fully permeable surface through 
the use of plastic rings/grids filled with gravel.  

- Reinforced Turf applications are excellent for Fire 
Access Roads, overflow parking, occasional use 
parking, etc. Reinforced turf is also an excellent 
application to reduce the required standard pavement 
width of paths and driveways that must occasionally 
provide for emergency vehicle access.  

- While both plastic and concrete units perform well for 
stormwater management and traffic needs, plastic units 
tend to provide better turf establishment and longevity, 
largely because the plastic will not absorb water and 
diminish soil moisture conditions. A number of 
products are available and the designer is encouraged to 
evaluate and select a product suitable to the design in 
question.  
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Design Considerations 

 The overall site should be evaluated for potential pervious 
pavement / infiltration areas early in the design process, as 
effective pervious pavement design requires consideration of 
grading. The pavement surface may be sloped, but the bottom 
of the storage area is normally flat or terraced into several flat 
areas if used for infiltration. Orientation of any parking bays 
along the existing contours may significantly reduce the need 
for cut and fill.  

 The added cost of a pervious pavement/infiltration system lies 
in the underlying stone bed, which is generally deeper than a 
conventional subbase and wrapped in geotextile. However, this 
additional cost is often offset by the significant reduction in the 
required number of inlets and pipes. Also, pervious pavement 
areas with subsurface storage or infiltration beds often 
eliminate the need (and associated costs, space, etc.) for 
detention/retention basins. When all of these factors are 
considered, pervious pavement has proven itself less expensive 
than the impervious pavement with associated stormwater 
management. 

 Pervious pavement incorporating infiltration beds should 
follow all recommendations provided elsewhere in this 
document for infiltration. 

 All systems should be designed with an overflow system. 
Water within the subsurface stone bed should never rise to the 
level of the pavement surface. Inlet boxes can be used for cost-
effective overflow structures. All beds should empty within 72 
hours. Refer to the City Code for specific requirements for the 
site location. 

 The subsurface bed and overflow may be designed and 
evaluated in the same manner as a detention basin to 
demonstrate the mitigation of peak flow rates. In this manner, 
the need for a detention basin may be eliminated or reduced in 
size. Control in the beds is usually provided in the form of an 
outlet control structure. A weir plate or weir within an inlet or 
overflow control structure may be used to maximize the water 
level in the stone bed while providing sufficient cover for 
overflow pipes.  

 Perforated pipes along the bottom of the bed may be used to 
evenly distribute runoff over the entire bed bottom. 



 

Pittsburgh Water & Sewer Authority 
Procedures Manual for Developers 
Version 6 – Issued 01/15   9-41 

Continuously perforated pipes should connect structures (such 
as cleanouts and inlet boxes). Pipes should lay flat along the 
bed bottom and provide for uniform distribution of water. 
Depending on size, these pipes may provide additional storage 
volume.  

 Roof leaders and area inlets may be connected to convey runoff 
water to the bed below the paving. Water Quality Inserts or 
Sump Inlets should be used to prevent the conveyance of 
sediment and debris into the bed.  

 Expected use and traffic demands should also be considered in 
pervious pavement placement.  

 Control of sediment is critical. Rigorous installation and 
maintenance of erosion and sediment control measures should 
be provided to prevent sediment deposition on the pavement 
surface or within the stone bed. Nonwoven geotextile may be 
folded over the edge of the pavement until the site is stabilized. 
Surface sediment should be removed by a vacuum sweeper and 
should not be power-washed into the bed.  

 The underlying subsurface storage bed is typically 12-36 
inches deep and comprised of clean, uniformly graded 
aggregate with approximately 40% void space. AASHTO 
No.3, which ranges 1.5-2.5 inches in gradation, is often used. 
Depending on local aggregate availability, both larger and 
smaller stone may be used. Requirements are that the aggregate 
be uniformly graded, clean washed, and contain a significant 
void content. The depth of the bed is a function of stormwater 
storage requirements, frost depth considerations, site grading, 
and anticipated loading. Infiltration beds are typically sized to 
mitigate the increased runoff volume from a 2-yr design storm. 
Alternative storage products may also be employed, such as 
perforated piping or a variety of proprietary, interlocking 
plastic units that contain much greater storage capacity than 
aggregate, at an increased cost. 

 A choker course consisting of several inches of smaller stone is 
often added between the storage bed and the paved surface to 
provide better support.  

 A backup method for water to enter the stone storage bed is 
typically constructed in case of pervious pavement clogging. In 
uncurbed lots, this backup drainage may consist of an unpaved 
2 ft wide stone edge drain connected directly to the bed. In 
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curbed lots, inlets with water quality devices may be required 
at low spots. Backup drainage elements will ensure the 
functionality of the system, if the pervious pavement is 
compromised. 

 In those areas where the threat of spills and groundwater 
contamination is likely, pretreatment such as filters and 
wetlands may be required before any infiltration occurs. In hot 
spot areas, such as truck stops and fueling stations, the 
appropriateness of pervious pavement must be carefully 
considered. A stone infiltration bed located beneath standard 
pavement, preceded by spill control and water quality 
treatment, may be more appropriate. Only in extreme cases (i.e. 
industrial sites with contaminated soils) will the aggregate bed 
need to be lined to prevent infiltration.  

 The use of pervious pavement must be carefully considered in 
areas where the pavement may be seal coated or paved over 
due to lack of awareness. Educational signage at pervious 
pavement installations may guarantee its proper maintenance 
and prolonged use in some areas. 

Maintenance Issues 

 The primary goal of pervious pavement maintenance is to 
prevent the pavement surface and/or underlying infiltration bed 
from being clogged with fine sediments. To keep the system 
clean throughout the year and prolong its life span, the 
pavement surface should be inspected biannually at minimum 
and vacuumed as required with a commercial cleaning unit. 
Pressurized pavement washing systems or compressed air units 
are not recommended. All inlet structures within or draining to 
the infiltration beds should also be inspected biannually at 
minimum and cleaned out as required.  

 Planted areas adjacent to pervious pavement should be well 
maintained to prevent soil washout onto the pavement. If any 
washout does occur it should be cleaned off the pavement 
immediately to prevent further clogging of the pores. 
Furthermore, if any bare spots or eroded areas are observed 
within the planted areas, they should be replanted and/or 
stabilized at once. Planted areas should be inspected on a 
semiannual basis. All trash and other litter that is observed 
during these inspections should be removed.  
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 Superficial dirt does not necessarily clog the pavement voids. 
However, dirt that is ground in repeatedly by tires can lead to 
clogging. Therefore, trucks or other heavy vehicles should be 
prevented from tracking or spilling dirt onto the pavement. 
Furthermore, all construction or hazardous materials carriers 
should be prohibited from entering a pervious pavement lot.  

 Winter maintenance for a pervious parking lot may be 
necessary but is usually less intensive than that required for a 
standard impervious surface. By its very nature, a pervious 
pavement system with subsurface aggregate bed has superior 
snow melting characteristics over standard pavement. The 
underlying stone bed tends to absorb and retain heat so that 
freezing rain and snow melt faster on pervious pavement. 
Therefore, ice and light snow accumulation are generally not as 
problematic. However, snow will accumulate during heavier 
storms. Abrasives such as sand or cinders should not be applied 
on or adjacent to the pervious pavement. Snow plowing is fine, 
provided it is done carefully (i.e. by setting the blade slightly 
higher than usual, about an inch). Salt is acceptable for use as a 
deicer on the pervious pavement, though nontoxic, organic 
deicers, applied either as blended, magnesium chloride-based 
liquid products or as pretreated salt, are preferable.  

 Potholes in the pervious pavement are unlikely; though settling 
might occur if a soft spot in the subgrade is not removed during 
construction. For damaged areas of less than 50 square feet, a 
declivity could be patched by any means suitable with standard 
pavement, with the loss of porosity of that area being 
insignificant. The declivity can also be filled with pervious 
mix. If an area greater than 50 sq. ft. is in need of repair, 
approval of patch type should be sought from either the 
engineer or owner. Under no circumstance should the 
pavement surface ever be seal coated. Any required repair of 
drainage structures should be done promptly to ensure 
continued proper functioning of the system. If the surface 
becomes significantly clogged, inlets or other conventional 
means of allowing stormwater to drain into the subsurface 
storage area may also be used. 

9.10.3  Capture & Reuse/Rain Barrels/Cisterns 

Capture and Reuse encompasses a wide variety of water storage techniques 
designed to “capture” precipitation, hold it for a period of time, and reuse the 
water. A water budget must be developed to ensure that the water will be used to 
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allow for more runoff capture. Water budgets should use NOAA data and 
compare usage and precipitation on a monthly or weekly basis to account for 
fluctuations throughout the year in both parameters. 

Storage techniques may include cisterns, underground tanks, above-ground 
vertical storage tanks, rain barrels or other systems: 

 Storage devices designed to capture a portion of the small, frequent 
storm events. 

 Most effective when designed to meet a specific water need for reuse. 

 Systems must allow for bypass or overflow of large storm events. 

 Water budget analysis incorporating anticipated water inflow and 
usage is required. 

 Collection and placement of storage elements up gradient of areas of 
reuse may reduce or eliminate pumping needs. 

 Periodic tank and sump cleanout is required. 

Cisterns, Rain Barrels, Vertical Storage, and similar devices have been used for 
centuries to capture storm water from the roofs of buildings, and in many parts of 
the world these systems serve as a primary water supply source. The reuse of 
stormwater for potable needs is not advised without water treatment, 
although many homes in the U.S. were storing water in cisterns for reuse as little 
as a century ago. These systems can reduce potable water needs for uses such as 
irrigation and fire protection while also reducing stormwater discharges. 
Storage/reuse techniques range from small, residential systems such as Rain 
Barrels that are maintained by the homeowner to supplement garden needs, to 
large, “vertical storage” units that can provide firefighting needs. Storage/reuse 
techniques are useful in urban areas where there is little physical space to manage 
storm water. 

Variations 

 Cisterns are large, underground or surface containers designed 
to hold large volumes of water (500 gallons or more). Cisterns 
may be comprised of fiberglass, concrete, plastic, brick or other 
materials. 

 Rain barrels are barrels (or large containers) that collect 
drainage from roof leaders and store water until needed for 
irrigation. 

 Vertical Storage Units are “towers”, or “fat down spouts” that 
usually rest against a building performing the same capture, 
storage and release functions as cisterns and rain barrels. 
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 Storage beneath structures may be incorporated into elements 
such as paths and walkways to supplement irrigation with the 
use of structural plastic storage units. 

Design Considerations 

 The Designer should calculate the water need for the intended 
uses. For example, what will the collected water be used for 
and when will it be needed? If a 2,000 square foot area of lawn 
requires irrigation for 4 months in the summer at a rate of 1” 
per week, how much will be needed and how often will the 
storage unit be refilled? The usage requirements and the 
expected rainfall volume and frequency should be determined. 

 The Designer should provide for use or release of the stored 
water between storm events in order for the necessary 
stormwater storage volume to be available. 72 hours is a good 
rule of thumb and 7 days should be the maximum. For simple 
rain barrels, connection to a soaker hose or other type of drip 
irrigation may be sufficient. 

 The Catchment Area on which the rain falls should be 
considered. The catchment area typically handles roof runoff. 

 The Conveyance System should keep reused stormwater or 
gray water separated from other potable water piping systems 
with an air gap. Do not connect to domestic or commercial 
potable water system. 

 Pipes or storage units should be clearly marked “Caution: 
Reclaimed water, Do Not Drink”. 

 Screens may be used to filter debris from storage units. The 
first flush runoff may be diverted away from storage in order to 
minimize sediment and pollutant entry. However, rooftop 
runoff contains very low concentrations of pollutants. 

 Storage elements should be protected from direct sunlight by 
positioning and landscaping. (Limit light into devices to 
minimize algae growth.) 

 Capture/reuse systems should be designed to account for the 
potential of freezing. 

 Cisterns should be watertight (joints sealed with nontoxic 
waterproof material) with a smooth interior surface, and 
capable of receiving water from rainwater harvesting system. 
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 Covers (lids) should have a tight fit to keep out mosquitoes, 
surface water, animals, dust and light. 

 Positive outlet for overflow should be provided a few inches 
from the top of the cistern. The proximity to building 
foundations should be considered for overflow conditions. 

 Observation risers should be at least 6” above grade for buried 
cisterns. 

 Reuse may require pressurization. Water stored has a pressure 
of 0.43 psi per foot of water elevation. A ten-foot tank would 
have a pressure of 0.43*10 = 4.3 psi. at the bottom of the tank. 
Most irrigation systems require at least 15 psi. To add pressure, 
a pump, pressure tank and fine mesh filter can be used which 
adds to the cost of the system, but creates a more usable 
system. 

Maintenance Issues 

 Flush cisterns to remove sediment. Brush the inside surfaces 
and thoroughly disinfect as necessary. 

 Ensure water is being used in accordance with water budget. 

 Do not allow water to freeze in devices. (Empty out before 
water freezes.) 

9.10.4  Rain Gardens/Bioretention 

A rain garden (also called bioretention) is an excavated shallow surface 
depression planted with specially selected native vegetation to treat and capture 
runoff. Generally, it is a small shallow vegetated retention pond that provides for 
the infiltration of relatively small volumes of stormwater runoff, often managing 
stormwater on a lot-by-lot basis (versus the total development site). 

Bioretention is a method of treating stormwater by pooling water on the surface 
and allowing filtering and settling of suspended solids and sediment at the mulch 
layer, prior to entering the plant/soil/microbe complex media for infiltration and 
pollutant removal. Bioretention techniques are used to accomplish water quality 
improvement and water quantity reduction. Prince George’s County, Maryland, 
and Alexandria, Virginia have used this BMP since 1992 with success in many 
urban and suburban settings. 

Bioretention can be integrated into a site with a high degree of flexibility and can 
balance nicely with other structural management systems. The vegetation serves 
to filter (water quality) and transpire (water quantity) runoff, and the root systems 
can enhance infiltration. The plants take up pollutants; the soil medium filters out 
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pollutants and allows storage and infiltration of stormwater runoff; and the bed 
provides additional volume control. Properly designed bioretention techniques 
mimic natural ecosystems through species diversity, density and distribution of 
vegetation, and the use of native species, resulting in a system that is resistant to 
insects, disease, pollution, and climatic stresses. 

The design of a rain garden can vary in complexity depending on the quantity of 
runoff volume to be managed, as well as the pollutant reduction objectives for the 
entire site. Variations exist both in the components of the systems, which are a 
function of the land use surrounding the bioretention system. If greater volumes 
of runoff need to be managed or stored, the system can be designed with an 
expanded subsurface infiltration bed or the bioretention area can be increased in 
size. Rain gardens can also be linked together or to other BMPs. 

In situations where the infiltration rate is less than 0.1 inch per hour, special 
variants may apply, including under drains, or even constructed wetlands. Rain 
gardens are often very useful in retrofit projects and can be integrated into already 
developed lots and sites. 

The most common variation includes a gravel or sand bed underneath the planting 
bed. The original intent of this design, however, was to perform as a filter BMP 
utilizing an under drain and subsequent discharge. When a designer decides to use 
a gravel or sand bed for volume storage under the planting bed, then additional 
design elements and changes in the vegetation plantings should be provided. A 
few other examples of variations are: 

 Residential on-lot rain gardens are simple designs that incorporate a 
planting bed in the low portion of the site. 

 Tree and shrub pits are stormwater management techniques that 
intercept runoff and provide shallow ponding in a dished mulched area 
around the tree or shrub. Extend the mulched area to the tree dripline. 

 Parking lot perimeter bioretention type rain gardens are located 
adjacent to parking areas with no curbs or curb cuts, allowing 
stormwater to sheet flow over the parking lot directly into the rain 
garden. Shallow grades should direct runoff at reasonable velocities. 
This design can be used in conjunction with depression storage for 
stormwater quantity control. 

 Rain Gardens / Bioretention function to:  

- Reduce runoff volume. 

- Filter pollutants through both soil particles (which trap 
pollutants) and plant material (which take up pollutants). 

- Recharge groundwater by infiltration. 
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- Reduce stormwater temperature impacts. 

- Enhance evapotranspiration. 

- Enhance aesthetics. 

- Provide habitat. 

- Reduce heat island effects. 

Primary Components of a Rain Garden/Bioretention System  

The primary components and subcomponents of a rain garden/bioretention 
system are:  

 Pretreatment (preferred)  

- Sheet flow through a vegetated buffer strip, cleanout, 
water quality inlet, etc. prior to entry into the Rain 
Garden Flow entrance.  Varies with site use (e.g., 
parking island versus residential lot applications). 

- Water may enter via an inlet (e.g., flared end section). 

- Sheet flow into the facility over grassed areas. 

- Curb cuts with grading for sheet flow entrance. 

- Roof leaders with direct surface connection. 

- Trench drain. 

- Entering velocities should be non-erosive.  

 Ponding area  

- Provides temporary surface storage of runoff. 

- Provides evaporation for a portion of runoff. 

- Design depths allow sediment to settle. 

- Limited in depth for aesthetics and safety. 
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 Plant material  

- Evapotranspiration of stormwater. 

- Root development and rhizome community create 
pathways for infiltration. 

- Bacteria community resides within the root system 
creating healthy soil structure with water quality 
benefits. 

- Improves aesthetics for site. 

- Provides habitat for animals and beneficial insects. 

- Reinforces long-term performance of subsurface 
infiltration. 

- Should be tolerant of salts if in a location that would 
receive snow melt chemicals. 

 Organic or mulch layer 

- Acts as a filter for pollutants in runoff. 

- Protects underlying soil from drying and eroding. 

- Simulates leaf litter by providing environment for 
microorganisms to degrade organic material. 

- Provides a medium for biological growth, 
decomposition of organic material, adsorption and 
bonding of heavy metals. 

- Wood mulch, if used, should be shredded - compost or 
leaf mulch is preferred.  

 Planting soil/volume storage bed  

- Provides water/nutrients to plants. 

- Enhances biological activity and encourages root 
growth.  

- Provides storage of stormwater by the voids within the 
soil particles. 
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 Positive overflow  

- Will discharge runoff during large storm events when 
the storage capacity is exceeded.  

- Examples include domed riser, inlet, weir structure, etc. 

- An underdrain can be included in areas where 
infiltration is not possible or appropriate.  

Design Considerations 

 Sizing criteria 

- Test soil per recommendations for Site Investigation 
and Infiltration Testing. 

- Surface area is dependent upon storage volume 
requirements but should generally not exceed a 
maximum loading ratio of 5:1 (impervious drainage 
area to infiltration area. See PA BMP Manual for 
additional guidance on loading rates.) 

- Surface Side slopes should be gradual. For most areas, 
maximum 3:1 side slopes are recommended, however 
where space is limited, 2:1 side slopes may be 
acceptable. 

- Surface Ponding depth should not exceed 6 inches in 
most cases and should empty within 72 hours. Refer to 
the City Code for specific requirements for the site 
location. 

- A subsurface storage/infiltration bed may be used to 
supplement surface storage where feasible.  

- Planting soil depth should generally be at least 18” 
where only herbaceous plant species will be utilized. If 
trees and woody shrubs will be used, soil media depth 
may be increased, depending on plant species. 

- Remember that regardless of the more pervious 
properties of the planting and/or volume storage soil(s), 
the underlying native soil conditions will most likely 
dictate the infiltration rate. 

 Planting Soil should be a loam soil capable of supporting a 
healthy vegetative cover. Soils should be amended with a 
composted organic material. A typical organic amended soil is 
combined with 20-30% organic material (compost), and 70-
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80% soil base (preferably topsoil). Planting soil should be 
approximately 4 inches deeper than the bottom of the largest 
root ball.  

 Volume Storage Soils should also have a pH of between 5.5 
and 6.5 (better pollutant adsorption and microbial activity), a 
clay content less than 10% (a small amount of clay is beneficial 
to adsorb pollutants and retain water), be free of toxic 
substances and unwanted plant material and have a 5 –10% 
organic matter content. Additional organic matter can be added 
to the soil to increase water holding capacity (tests should be 
conducted to determine volume storage capacity of amended 
soils). 

 Proper plant selection is essential for bioretention areas to be 
effective. Typically, native floodplain plant species are best 
suited to the variable environmental conditions encountered. 
Plants along the edges which will not be submerged can be less 
adapted to wet conditions than those chosen for the center of 
the rain garden. If shrubs and trees are included in a 
bioretention area (which is recommended), at least three 
species of shrub and tree should be planted at a rate of 
approximately 2 or 3 shrubs for every tree. An experienced 
landscape architect is recommended to design native planting 
layout.  

 Planting periods will vary, but in general trees and shrubs 
should be planted from mid-March through the end of June, or 
mid-September through mid-November.  

 A maximum of 2 to 3 inches of shredded mulch or leaf 
compost (or other comparable product) should be uniformly 
applied immediately after shrubs and trees are planted to 
prevent erosion, enhance metal removals, and simulate leaf 
litter in a natural forest system. Wood chips should be avoided 
as they tend to float during inundation periods.  Too much 
mulch may restrict oxygen flow to roots. 

 Must be designed carefully in areas with steeper slopes and 
should be aligned parallel to contours to minimize earthwork. 

 Under drains should not be used except where in-situ soils fail 
to drain surface water to meet criteria of draining in 72 hours or 
there is a reason to prevent infiltration. Refer to the City Code 
for specific requirements for the site location. 
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Maintenance Issues 

Properly designed and installed Bioretention areas require some regular 
maintenance. 

 While vegetation is being established, pruning and weeding 
may be required. 

 Detritus may also need to be removed every year. Perennial 
plantings may be trimmed near the ground either in late fall or 
early spring to provide a neater look. 

 Mulch should be re-spread when erosion is evident and be 
replenished as needed. Once every 2 to 3 years the entire area 
may require mulch replacement.  

 Bioretention areas should be inspected at least two times per 
year for sediment buildup, erosion, vegetative conditions, etc. 

 During periods of drought, bioretention areas may require 
watering.  

 Trees and shrubs should be inspected twice per year to evaluate 
health. 

9.10.5  Subsurface Storage 

Subsurface storage is the use of ponds, tanks, reservoirs, etc. below ground for the 
detention and/or retention and infiltration of stormwater runoff. This is often used 
with a wide variety of other designs and can be used under parking lots, ball 
fields, and other surface features. 

Key Design Elements  

 For infiltration follow other guidelines described in Infiltration 
Systems Guidelines. 

 Beds filled with open-graded, clean stone with minimum 40% 
void space. Void space may be increased with the use of 
perforated piping and/or proprietary structures. 

 Provide positive stormwater overflow from structure. 

 Protect from sedimentation during construction. 

 Provide perforated pipe network along bed bottom for 
distribution as necessary. 

 Even in places poorly suited for infiltration, the water should 
be allowed to infiltrate as much as possible unless there is a 
reason to prevent infiltration, such as slide prone areas.  
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 Adding vegetation will help to increase the pollutant removal 
and amount of water removed via evapotranspiration. 

A Subsurface Storage Area is generally underlain by a uniformly graded 
aggregate (or alternative) bed for temporary storage and/or infiltration of 
stormwater runoff. Subsurface Storage Areas are ideally suited for expansive, 
generally flat open spaces, such as lawns, parking areas, meadows, and playfields, 
especially if located downhill from nearby impervious areas. Subsurface Storage 
Areas can be stepped or terraced down sloping terrain, which may be necessary 
for infiltration. Stormwater runoff from nearby impervious areas (including 
rooftops, parking lots, roads, walkways, etc.) can be conveyed to the subsurface 
storage media, where it is then distributed via a network of perforated piping.  

The storage media for subsurface infiltration beds typically consists of clean-
washed, uniformly graded aggregate. However, other storage media alternatives 
are available. These alternatives are generally perforated piping or variations on 
plastic cells that can more than double the storage capacity of aggregate beds, at 
an increased cost. Storage media alternatives are ideally suited for sites where 
storage space and/or potential infiltration area is limited. These systems can also 
maintain aquifer recharge, while preserving or creating valuable open space and 
recreation areas. They have the added benefit of functioning year-round, given 
that the infiltration surface is typically below the frost line.  

Variations  

 Subsurface Infiltration: As its name suggests, Subsurface 
Infiltration is generally employed for temporary storage and 
infiltration of runoff in subsurface storage media. However, in 
some cases, runoff may be temporarily stored on the surface (to 
depths less than 6 inches) to enhance volume capacity of the 
system. The overall system design should ensure that within 72 
hours, the bed is completely empty. Mosquitoes are not much 
of an issue underground, but the system should drain in time to 
accommodate the next storm. 

 Connection of Roof Leaders: Runoff from nearby roofs may 
be directly conveyed to subsurface storage areas and/or 
infiltration beds via roof leader connections to perforated 
piping. Roof runoff generally has relatively low sediment 
levels, making it ideally suited for connection to an infiltration 
bed. However, cleanout(s) with a sediment sump are still 
recommended between the building and infiltration bed.  

 Connection of Inlets: Catch Basins, inlets, and area drains 
may be connected to Subsurface Storage Areas and/or 
Infiltration beds. However, sediment and debris removal 
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should be provided. Storm structures should therefore include 
sediment trap areas below the inverts of discharge pipes to trap 
solids and debris. In areas of high traffic or excessive 
generation of sediment, litter, etc., a water quality insert or 
other pretreatment device may be needed.  

 Under Recreational Fields: Subsurface Infiltration is very 
well suited below playfields and other recreational areas. 
Special consideration should be given to the engineered soil 
mix in those cases where it is designed for stormwater to pass 
through. Porous paving is also an option for tennis courts, 
basketball courts, etc. Inlets and/or an open stone area around 
the fields may also be an option to get the water into the 
Subsurface Storage Area/Infiltration Bed. 

 Under Open Space: Subsurface Storage and/or Infiltration are 
also appropriate in either existing or proposed open space 
areas. Ideally, these areas are vegetated with native grasses 
and/or vegetation to enhance site aesthetics and landscaping. 
Aside from occasional clean-outs or outlet structures, 
Subsurface Infiltration systems are essentially hidden 
stormwater management features, making them ideal for open 
space locations (deed-restricted open space locations are 
especially desirable because such locations minimize the 
chance that Subsurface Infiltration systems will be disturbed or 
disrupted accidentally in the future). 

Design Considerations  

 Guidelines for Infiltration Systems should be met if using for 
infiltration. 

 The overall site should be evaluated for potential Subsurface 
Storage Areas and/or Infiltration areas early in the design 
process, as effective design requires consideration of existing 
site characteristics (topography, natural features/drainage ways, 
soils, geology, etc.). 

 Control of Sediment is critical. Rigorous installation and 
maintenance of erosion and sediment control measures is 
needed to prevent sediment deposition within the stone bed. 
Nonwoven geotextile may be folded over the edge of the bed 
until the site is stabilized. 

 The Subsurface Storage Area should be wrapped in non-woven 
geotextile filter fabric.  
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 The Subsurface Storage Area is typically comprised of a 12 to 
36 inch section of aggregate, such as AASHTO No.3, which 
ranges 1-2 inches in gradation. Depending on local aggregate 
availability, both larger and smaller size aggregate has been 
used. The critical requirements are that the aggregate be 
uniformly graded, clean-washed, and contain at least 40% void 
space. The depth of the bed is a function of stormwater storage 
requirements, frost depth considerations, and site grading. 
Infiltration beds are typically sized to mitigate the increased 
runoff volume from the 2 year design storm.  

 Water Quality Inlet or Catch Basin with Sump is needed for all 
surface inlets.  

 Infiltration beds may be placed on a slope by benching or 
terracing infiltration levels. The slope of the infiltration bed 
bottom should be level or with a slope no greater than 1%. A 
level bottom assures even water distribution and infiltration. 

 Perforated pipes along the bottom of the bed can be used to 
evenly distribute runoff over the entire bed bottom. 
Continuously perforated pipes may connect structures (such as 
cleanouts and inlet boxes). Pipes should lay flat along the bed 
bottom and provide for uniform distribution of water. 
Depending on size, these pipes may provide additional storage 
volume. 

 Cleanouts or inlets should be installed at a few locations within 
the bed and at appropriate intervals to allow access to the 
perforated piping network and or storage media for cleaning 
and inspection. 

 All Subsurface Storage Areas should be designed with an 
overflow for extreme storm events. Control in the beds is 
usually provided in the form of an outlet control structure 
designed for detention and/or retention of stormwater. A 
modified inlet box with an internal concrete weir (or weir 
plate) and low-flow orifice is a common type of control 
structure. The specific design of these structures may vary, 
depending on factors such as rate and storage requirements, but 
it must always include positive overflow from the system. The 
overflow structure is used to maximize the water level in the 
stone bed, while providing sufficient cover for overflow pipes. 
Generally, the top of the outlet pipe should be a minimum of 4 
inches below the top of the aggregate to prevent saturated soil 
conditions or ponding on the surface. Multiple discharge points 
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are recommended. These may discharge to other BMPs, the 
surface or a storm sewer system. 

 If a vegetated surface is to be maintained, adequate soil cover 
(generally 12 - 18 inches) should be maintained above the 
Subsurface Storage Area to allow for a healthy vegetative 
cover. More may be required depending on type of vegetation. 
Open space overlying Subsurface Storage Areas can be 
vegetated with native grasses, meadow mix, or other low-
growing, dense vegetation. These plants have longer roots than 
traditional grass and will likely benefit from the moisture in the 
infiltration bed, improving the growth of these plantings and, 
potentially increasing evapotranspiration. Fertilizer use should 
be avoided. Engineered soil (above the stone bed), if used, 
should be compacted as minimally as possible to allow for 
surface percolation into the stone bed.  

 When directing runoff from roadway areas into the beds, 
measures to reduce sediment should be used.  

 In those areas where the threat of spills and groundwater 
contamination exists, pretreatment systems, such as filters and 
wetlands, may be needed before any infiltration occurs. In Hot 
Spot areas, such as truck stops and fueling stations, the 
suitability of Subsurface Infiltration must be considered.  

 The subsurface bed and overflow may be designed and 
evaluated in the same manner as a detention basin to 
demonstrate the mitigation of peak flow rates. In this manner, 
detention basins may be eliminated or significantly reduced in 
size.  

 During Construction, the excavated bed may serve as a 
Temporary Sediment Basin or Trap. This can reduce overall 
site disturbance. If the Subsurface Storage Area is to be used 
for infiltration, the bed should be excavated to at least 1 foot 
above the final bed bottom elevation for use as a sediment trap 
or basin. Following construction and site stabilization, 
sediment should be removed and final grades established. In 
BMPs that will be used for infiltration in the future, use of 
construction equipment should be limited as much as possible.  

 To allow for infiltration even where not taking credit for it, the 
existing subgrade under the bed areas should NOT be 
compacted or subject to excessive construction equipment 
traffic prior to geotextile and stone bed placement; unless there 
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are conditions that would require infiltration to be prevented by 
an impervious membrane such as proximity to basements, 
landslide prone areas, etc. 

 Install and maintain adequate Erosion and Sediment Control 
Measures (as per the Pennsylvania Erosion and Sedimentation 
Control Program Manual) during construction. 

 In areas proposed for infiltration where erosion of subgrade has 
caused accumulation of fine materials and/or surface ponding, 
this material should be removed with light equipment and the 
underlying soils scarified to a minimum depth of 6 inches with 
a York rake (or equivalent) and light tractor. All fine grading 
should be done by hand. All bed bottoms should be at level 
grade. 

 Earthen berms (if used) between infiltration beds should be left 
in place during excavation. These berms do not require 
compaction if proven stable during construction.  

 Geotextile and bed aggregate should be placed immediately 
after approval of subgrade preparation and installation of 
structures. Geotextile should be placed in accordance with 
manufacturer’s standards and recommendations. Adjacent 
strips of geotextile should overlap a minimum of 16 inches. It 
should also be secured at least 4 feet outside of bed in order to 
prevent any runoff or sediment from entering the storage bed. 
This edge strip should remain in place until all bare soils 
contiguous to beds are stabilized and vegetated. As the site is 
fully stabilized, excess geotextile along bed edges can be cut 
back to the edge of the bed.  

 Clean-washed, uniformly graded aggregate should be placed in 
the bed in maximum 8-inch lifts. Each layer should be lightly 
compacted, with construction equipment kept off the bed 
bottom as much as possible.  

 For designs using engineered soil as a covering, approved soil 
media should be placed over infiltration bed in maximum 6-
inch lifts.  

 Do not remove inlet protection or other Erosion and Sediment 
Control measures until site is fully stabilized.  

Maintenance Issues  

Subsurface Storage and/or Infiltration are generally less maintenance 
intensive than other practices of its type. Maintenance activities required 
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for the subsurface storage are similar to those of any system and focus on 
regular sediment and debris removal. The following represents the 
recommended maintenance efforts:  

 All Water Quality Devices, Catch Basins and Inlets should be 
inspected at least 2 times per year and cleaned as needed.  

 The overlying vegetation, if any, should be maintained in good 
condition. Any bare spots should be revegetated and any 
invasive alien plants removed as soon as possible.  

 The sight tee or inspection port should be checked after every 
major rain event for the first year and quarterly every year 
after. 

 Vehicular access on Subsurface Infiltration areas should be 
prohibited, and care should be taken to avoid excessive 
compaction of any engineered soil surface by mowers. If 
access is needed, use of permeable, turf reinforcement should 
be considered. 

9.10.6  Surface Storage 

Surface storage is the use of above ground ponds, reservoirs, etc. for the detention 
and/or retention of stormwater runoff. This primarily refers to conventional 
stormwater detention/retention basins often seen in newer developments. Surface 
features are typically designed to empty or infiltrate all their designed water 
volume within 72 hours to prevent mosquito breeding (Mosquitoes would require 
an additional 24 hours to breed according to DEP guidelines for West Nile Virus 
prevention.) Other surface storage options may include a permanent pond or water 
feature. 

The size and shape can vary from one large basin to multiple, smaller basins 
throughout a site. Ideally, the basin should avoid disturbance of existing 
vegetation. If disturbance is unavoidable, replanting and landscaping may be 
necessary and should integrate the existing landscape as subtly as possible and 
compaction of the soil should be prevented. Infiltration Basins use the existing 
soil mantle to reduce the volume of stormwater runoff by infiltration and 
evapotranspiration. Basins designed only for detention should still allow the soil 
to infiltrate whatever stormwater is possible, unless there is a reason to prevent 
infiltration, such as slide prone areas. The quality of the runoff is also improved 
by the natural cleansing processes of the existing soil mantle and also by the 
vegetation planted in the basins. An engineered overflow structure should be 
provided for the larger storms. 
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Functions & Key Design Elements for infiltration 

 Other Considerations  

- Re-Vegetation: For existing unvegetated areas or for 
infiltration basins that require excavation, vegetation 
may be added. Planting in the infiltration area will 
improve water quality, encourage infiltration, and 
promote evapotranspiration. This vegetation may range 
from a meadow mix to more substantial woodland 
species. The planting plan should be sensitive to 
hydrologic variability anticipated in the basin, as well 
as to larger issues of native plants and habitat, 
aesthetics, and other planting objectives. The use of 
turf grass is discouraged due to soil compaction from 
the required frequent mowing and maintenance 
requirements.  

- Usable Surface: An Infiltration Basin can be used for 
recreation (usually informal) in dry periods. Heavy 
machinery and/or vehicular traffic of any type should 
be avoided so as not to compact the infiltration area or 
turf reinforcement grids used.  

- Soils with Poor Infiltration Rates: A layer of sand (6”) 
or gravel can be placed on the bottom of the Infiltration 
Basin, or the soil can be amended to increase the 
surface permeability of the basin; provided lower soil 
layers will infiltrate better. Basins used only for 
detention due to lack of permeability should still be 
designed with uncompacted vegetated bottoms to allow 
for infiltration to occur even if negligible.  

Design Considerations  

 Soil Investigation and Infiltration Testing is required; site 
selection for this BMP should take soil and infiltration capacity 
into consideration. Guidelines for Infiltration Systems should 
be met and infiltration methods used if possible (i.e., depth to 
water table, setbacks, Loading Rates, etc.) 

 Basin designs that do not remove existing soil and/or 
vegetation are preferred. 

 The slope of the Basin bottom should be level or with a slope 
no greater than 1%. A level bottom assures even water 
distribution and infiltration.  
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 Infiltration Basins may be constructed where impermeable 
soils on the surface are removed and where more permeable 
underlying soils then are used for the base of the bed; care must 
be taken in the excavation process to make sure that soil 
compaction does not occur. Maintain a minimum 2-foot 
separation to bedrock and seasonally high water table. 

 Provide distributed infiltration area (5:1 impervious area to 
infiltration area - maximum). 

 Design to hold/infiltrate volume difference in 2-yr storm  for 
the entire site or 1” storm for all impervious area. 

 Do not install on recently placed fill (<5 years). 

 When possible, place on upland soils. 

 Designs storing water to a depth greater than 18 inches should 
be fenced if there is considered to be a risk of small children 
gaining access and potentially drowning. 

 Provide positive stormwater overflow through engineered 
outlet structure. The normal discharge and overflow from the 
Basin should be properly designed for anticipated flows. Large 
infiltration basins may require multiple outlet control devices.  

 The berms surrounding the basin should be compacted earth 
with a slope of not steeper than 3:1(H:V), and a top width of at 
least 2 feet. Antiseep collars may be required at pipe 
penetrations of berm. At least one foot of freeboard above the 
100-year storm water elevation should be maintained.  

 Basins can be planted with natural grasses, meadow mix, or 
other “woody” mixes, such as trees or shrubs. These plants 
have longer roots than traditional grass and increase soil 
permeability. Native plants should be used wherever possible.  

 Use of fertilizer should be avoided.  

 The surface should be compacted as little as possible to allow 
for surface percolation through the soil layers.  

 When directing runoff from roadway areas into the basin, 
measures to reduce sediment should be used.  

 Contributing inlets (up gradient) may have a sediment trap or 
water quality inserts to prevent large particles from clogging 
the system based on the quality of the runoff.  

 Use of a backup underdrain or low-flow orifice may be 
considered in the event that the water in the basin does not 
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drain within 72 hours. This underdrain valve should remain in 
the shut position unless the basin does not drain.  

Maintenance and Inspection Issues  

 Catch Basins and Inlets (upgradient of infiltration basin) should 
be inspected and cleaned at least two times per year and after 
runoff events.  

 The vegetation along the surface of the Infiltration basin should 
be maintained in good condition, and any bare spots 
revegetated as soon as possible.  

 Vehicles should not be parked or driven on an Infiltration 
Basin, and care should be taken to avoid excessive compaction 
by mowers. Mow only as appropriate for vegetative cover 
species. 

 Inspect the basin after runoff events and make sure that runoff 
drains down within 72 hours. Mosquitos should not be a 
problem if the water drains in 72 hours. Mosquitoes require a 
considerably long breeding period with relatively static water 
levels.  

 Also inspect for accumulation of sediment, damage to outlet 
control structures, erosion control measures, signs of water 
contamination/spills, and slope stability in the berms.  

 Remove accumulated sediment from basin as required. Restore 
original cross section and infiltration rate. Properly dispose of 
sediment. 

9.10.7  Water Quality Filters and Hydrodynamic Devices 

A broad spectrum of BMPs has been designed to remove non point source 
pollutants from runoff as a part of the conveyance system. These structural BMPs 
vary in size and function, but all utilize some form of settling and/or filtration to 
remove particulate pollutants from stormwater runoff. Regular maintenance is 
critical for these BMPs. Many water quality filters, catch basin inserts and 
hydrodynamic devices are commercially available. They are generally configured 
to remove particulate contaminants, including coarse sediment, oil and grease, 
litter, and debris. 

Water Quality Filters and Hydrodynamic Devices typically are stormwater inlets 
or manholes that have been fitted with a proprietary product (or the proprietary 
product replaces the structure itself). They are designed to reduce sediment, 
suspended solids, oil and grease, and other pollutants, especially pollutants 
conveyed with sediment transport. They can provide “hot spot” control and 
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reduce sediment loads to infiltration devices. They are commonly used as 
pretreatment for other BMPs. The manufacturer usually provides the mechanical 
design, construction, and installation instructions. Selection of the most 
appropriate device and development of a maintenance plan should be carefully 
considered by the Designer.  

The size of a water quality inlet limits the detention time and the hydraulic 
capacity influences the effectiveness of the water quality insert. Most products are 
designed for an overflow or bypass in large storm events, which is necessary 
hydraulically and still allows for a “first flush” treatment. A design should be 
chosen that does not resuspend captured pollutants during overflow or bypass 
conditions. 

Regular maintenance according to application and manufacturer’s 
recommendations is essential for continued performance. 

Variations: 

 Tray types allow flow to pass through filter media that is 
contained in a tray located around the perimeter of the inlet. 
Runoff enters the tray and leaves via weir flow under design 
conditions. High flows pass over the tray and into the inlet 
unimpeded. 

 Bag type Inserts are made of fabric and are placed in the drain 
inlet around the perimeter of the grate. Runoff passes rough the 
bag before discharging into the drain outlet pipe. Overflow 
holes are usually provided to pass larger flows without causing 
a back water condition at the grate. Certain manufactured 
products include polymers intended to increase pollutant 
removal effectiveness. 

 Basket type inserts are set into the inlet and have a handle to 
remove basket for maintenance. Small orifices allow small 
storm events to weep through, while larger storms overflow the 
basket. Primarily useful for debris and larger sediment, and 
requires consistent and frequent maintenance. 

 Simple, “sumps” in inlets are space created in inlets below 
the invert of the pipes for sediment and debris to deposit, 
usually leaving 6 -inches to 12-inches at the bottom of an inlet. 
Small weep holes may be drilled into the bottom of the inlet to 
prevent standing water for long periods of time. Regular 
maintenance is required. 

 Hydrodynamic Devices are not truly inserts, but separate flow 
through devices designed to serve in concert with inlets and 
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storm sewer. A variety of products are available from different 
manufacturers. The primary purpose is to use various methods 
to remove sediments and pollutants. These methods include 
baffle plate design, vortex design, tube settler design, inclined 
plate settler design or a combination of these. Ideally, the flow 
through device should remove litter, oil, sediment, heavy 
metals, dissolved solids and nutrients. Removal ability varies 
as a result of loading rate and design. Clays and fine silts do 
not easily settle out unless they are coagulated with some kind 
of chemical addition or polymer. These devices work most 
effectively in combination with other BMPs, either as a pre-
treatment or as a final treatment at the end of a pipe. Designs 
should allow for the bypass of larger flows without losing 
pollutants already captured. 

Design Considerations 

 May be used before infiltration areas and subsurface storage 
areas to minimize the accumulation of sediment and debris in 
these systems.  

 May be used to remove oil, trash, and other pollutants from hot 
spots. 

 May be used as a standalone treatment on sites where there is 
no space for other treatment. In these situations, refer to 
Chapter 5 Storm Sewer Tap-In for requirements. Choose a 
device that (collectively) has the hydraulic capacity to treat the 
design storm of the device chosen. 

 Hydraulic capacity controls effectiveness. 

 Most useful in small drainage areas (< 1 Acre) and where there 
is no room for other treatment options. 

 Ideal in combination with other BMPs. 

 Regular maintenance is necessary. 

Maintenance Issues  

 Follow the manufacturer’s guidelines for maintenance, also 
taking into account expected pollutant load and site conditions. 
Inlets should be inspected weekly during construction. Post-
construction, they should be inspected at least twice a year and 
emptied when over half full of sediment (and trash) and 
cleaned as recommended by the manufacturer. They should 
also be inspected after runoff events. Maintenance is crucial to 
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the effectiveness of this BMP. The more frequent a water 
quality insert is cleaned, the more effective it will be. Some 
sites have found keeping a log of sediment amount date 
removed helpful in planning a maintenance schedule. 
Environmental Technology Verification (ETV) Program and 
the Technology Acceptance and Reciprocity Partnership 
(TARP) may be available to assist with the development of a 
monitoring plan. These programs are detailed in the PA BMP 
Manual.  

 Disposal of removed material will depend on the nature of the 
drainage area and the intent and function of the water quality 
insert. Material removed from water quality inserts that serve 
“Hot Spots” such as fueling stations or that receive a large 
amount of debris should be handling according to DEP 
regulations for that type of solid waste, such as a landfill that is 
approved by DEP to accept solid waste. Water quality inserts 
that primarily catch sediment and detritus from areas such as 
lawns may reuse the waste on site. Vactor trucks may be an 
efficient cleaning mechanism. 

 Winter Concerns: There is limited data studying cold weather 
effects on water quality insert effectiveness. Freezing may 
result in more runoff bypassing the treatment system. Salt 
stratification may also reduce detention time. Colder 
temperatures reduce the settling velocity of particles, which 
can result in fewer particles being “trapped”. Salt and sand are 
significantly increase during winter, and may warrant more 
frequent maintenance. Sometimes freezing makes accessing 
devices for maintenance difficult. 

9.11  Generalities on Local Native Landscaping 

Native landscaping refers to the use of plants native to Allegheny County Pennsylvania, 
but may also be extended to include the Allegheny Plateau Region of Western 
Pennsylvania and neighboring Ohio and West Virginia. Native landscaping provides 
several benefits over non-native landscaping that is often traditionally used. Plants native 
to the local area are already adapted to the climate and soil conditions present and should 
need little if any fertilization or irrigation once established. This reduces the need for 
domestic water usage and reduces the amount of nutrient pollution in stormwater runoff. 
Additionally, native plants have natural pest resistance and are less stressed during 
extreme weather events reducing the need for pesticides, irrigation, fertilizers and other 
maintenance. 
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9.11.1  Microclimates 

Microclimate refers to the specifics of a site’s climatic conditions (temperature, 
shade, moisture, etc.). For example, if you live on a northern facing slope of a hill 
that gets snow more often than the surrounding area, you may do better selecting 
plants that have a native range extending farther north or at higher elevations. 
And, if you live on a south facing slope that is sunny and has a lot of paving 
making it warmer in general than the surrounding area, you may do better 
selecting plants that have a native range extending south. 

9.11.2  Site Parameters 

The physical limitations of the site are often forgotten, especially when selecting 
trees and shrubs. Trees should be selected based on the mature dimensions of the 
tree compared to the space it will have to grow without interference. Things to 
consider are: 

 Overhead wires or other public or private structures. A tree that grows 
into wires will cause issues with the wires and/or be repeatedly pruned 
back from the wires creating an unhealthy as well as unsightly tree. 

 Root space if in a planter box and in relation to underground structures 
and/or utilities. 

 Distance from buildings. A tree may lean away from the shade of a 
building or invade the foundation if too close. 

 Sight distances of signs, intersections, and traffic lights that may be 
obstructed by the tree or shrub. 

 Distance from public and private water and or sewer mains, laterals 
and service lines as well as other buried utilities. Any maintenance or 
work on these buried utilities may damage roots and roots may also 
damage the buried utilities. 

 Debris and messiness. A tree like a sycamore (Platanus occidentalis) 
may be too messy from fallen leaves and shed bark on a manicured 
lawn, but fine in a less formal area of a park. Trees producing berries 
or small fruits such as red mulberry (Morus rubra) will attract flocks of 
birds which will leave droppings, which may make them more 
appropriate for some areas like parks and less appropriate for others 
like parking lots. Trees bearing large fruits or nuts like black walnuts 
(Juglans nigra) should not be located overhanging pedestrian or 
vehicular traffic. 

 Sidewalks. Shallow rooted trees will often lift nearby sidewalks. 
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 Suckering. Some trees send up shoots from their roots. This is an issue 
in maintained lawns, etc. but may be appropriate in less maintained 
areas and helps with bank stabilization. 

 The Pittsburgh Shade Tree Commission and City Department of 
Forestry have compiled lists of recommended tree species for urban 
sites. 


