
STAKEHOLDER DRAFT  
12-16-2021 

Permeable Pavement Systems 

Insert rendering of Permeable Pavement System illustrating SCM components 

Figure PPS-1. Permeable Pavement System Components 

Description 

Permeable pavement systems include several types 
of pavements that allow stormwater to infiltrate 
through engineered surface layers below the 
pavement surface. Permeable interlocking concrete 
pavement (PICP), concrete grid pavement (CGP), 
and porous gravel pavement (PGP) are included in 
this fact sheet. Reinforced grass pavement (RGP) is 
also included, although this type of permeable 
pavement is most commonly used for fire lanes or 
to reduce impervious area and does not always 
provide treatment of the WQCV from surrounding 
areas. Depending on the design, permeable 
pavement systems can be used to promote runoff 

reduction, provide treatment, and slow 
release of the water quality capture 
volume (WQCV). A permeable pavement 
system can be designed with an increased 
depth of aggregates to provide storage 
exceeding the WQCV, including the excess 
urban runoff volume (EURV) and the 100-
year detention storage volume.  

MS4 Permit Applicability (Dependent on design 
and level of treatment) 
Meets Runoff Reduction Standard Potential 
Meets WQCV Capture Standard Yes 
Meets Pollutant Removal 
Standard 

Yes 

Typical Effectiveness for Targeted Pollutants 
Sediment/Solids High 
Nutrients Medium 
Total Metals Medium 
Bacteria Medium 
Common Applications 
Step 1: Runoff Reduction Yes 
Pre-treatment 
(in Treatment Train) 

No 

WQCV + Flood Control Yes 
Cost  
Life-Cycle Costs Medium1 
1 Relative to the life-cycle cost of conventional pavement. 

Photograph PPS-X. PICP in alley provides stormwater 
treatment in retrofit setting while also providing 
outdoor seating and an attractive pedestrian area. 
 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwisvpne1aDzAhWBs54KHZJpDMoQFnoECAoQAQ&url=https%3A%2F%2Fwww.fhwa.dot.gov%2Fpavement%2Fconcrete%2Fpubs%2Fhif15006.pdf&usg=AOvVaw06NSA6WfpkbMMLbWxCt8P6


DRAFT 12-16-2021 
 

2 

SCM Components  

A permeable pavement system functions by filtering, storing, and infiltrating runoff. Filtration 
occurs as the water infiltrates through the pavement surface or between pavers through a 
leveling course into an aggregate reservoir. The aggregate reservoir stores the WQCV (or larger 
design volume such as the EURV or 100-year storage volume) and allows for infiltration into the 
subgrade for full and partial infiltration designs. The subsurface drainage system for a 
permeable pavement system, including use of underdrains, is site specific, and guidance and 
criteria are provided in the Filtration and Infiltration Systems section of this Chapter. 

 

Benefits  

• Permeable pavement systems provide water quality treatment while enabling use of 
the surface area for multiple purposes.  

• Permeable pavement systems increase air and water conveyed into ground to support 
healthier trees in urban areas. 

• Permeable pavement systems are less likely to form ice on the surface than 
conventional pavements because as snow melts it infiltrates into the surface before it 
can freeze. 

• Green and sustainable building certification credits may be available for permeable 
pavement systems. 

• Permeable pavement systems can provide traffic calming benefits. 

• Pavers are constructed of durable concrete mixes and can be removed and typically 
re-used after utility repairs or restorative maintenance. 

• Permeable pavement systems can manage runoff when surrounding storm drain 
infrastructure is shallow or non-existent, potentially avoiding underground storage 
systems and pumps. 

Limitations 

• Permeable pavement systems must be protected from high sediment loads during 
construction and are not well-suited for areas expected to generate significant 
sediment loads (i.e., materials storage areas, areas of poor vegetative cover, etc.). 

• Permeable pavement systems must be designed to allow for maintenance, repair, and 
replacement of underlying utilities. 
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Types of Permeable Pavement System Surfaces 

There are several options for permeable pavement system surfaces including PICP, CGP, PGP, 
and RGP. Porous concrete and porous asphalt are not included in this fact sheet and MHFD 
does not recommend them due to past issues with durability and performance over time.  

Component Intent 
Pavement Surface 
(Wearing Course) 

Provides the wearing course for the permeable pavement, 
allows infiltration into pavement section, and provides 
filtration. 

Leveling Course Provides bedding for the pavement surface (PICP and CGP) as 
well as filtration. 

Aggregate Reservoir/ 
Subsurface Layers 

Provides structural stability and storage for design storm 
events. 

Underdrain with orifice 
release (for partial and no 
infiltration sections) 

Collects and slowly releases the WQCV over 12 hours to reduce 
erosion in the receiving waters and enhance water quality. Full 
infiltration designs infiltrate the WQCV into the subgrade.  

Lateral Flow Barriers Separate permeable pavement cells in stepped or sloped 
installations to prevent all runoff entering system from draining 
to lowest area. 

Outlet Structure Releases flows in accordance with required drain times and 
release rates for design events. For multi-cell systems, each cell 
must have an outlet to avoid flow between cells that 
overwhelms lower-elevation cells and can lead to washout and 
differential settlement. 

Overflow Inlet Provides route for runoff to reach the aggregate reservoir if 
pavement surface is clogged. Required for detention 
applications.  

Overflow Path Conveys runoff to street or storm drain system via surface flow 
if pavement surface or outlet is clogged or for events exceeding 
design flows. 
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Permeable Interlocking Concrete Pavers (PICP) 

PICP has a wearing course consisting of precast concrete blocks that, when placed together, 
create spaces between the blocks where runoff enters the pavement. The blocks contain ridges 
along the sides that both create these spaces and help ensure that the blocks are installed 
correctly. The joint spaces between the blocks are filled with aggregate that allows runoff on 
the surface to migrate down into the aggregate reservoir. Depending on the manufacturer, 
these joints should provide an open surface between 5 and 15% of the pavement surface. 

Figure PPS-2 provides a typical pavement section for 
PICP. The Interlocking Concrete Pavement Institute 
(ICPI) published a manual on PICP that includes 
detailed design, construction, and maintenance 
information (ICPI, 2017). 

PICP has many design options including various 
shapes, colors, and sizes that can be arranged in 
creative patterns and color schemes. PICP systems 
maintain infiltration rates well over time and can be 
removed and replaced if utility work is needed 
below the surface. Many PICP systems are ADA 
compatible. 

PICP has a more expensive upfront cost than other 
types of permeable pavements, but it generally 
offers greater benefits. PICP’s durable, high-strength 
concrete wearing surface offers more longevity. PICP 
installation costs can also be offset by reductions in 
stormwater infrastructure requirements and 

increased land utilization. ICPI Tech Spec 18 provides 
additional information on the benefits of PICP (ICPI, 
2019). 

Photograph PPS-X. PICP in downtown Ft. Morgan, 
CO. Note soldier course of light-colored pavers 
where PICP meets conventional pavement. Photo: 
SEH and the City of Ft. Morgan.  

Photograph PPS-X. PICP in alley treats runoff 
from roof drains and adjacent parking 
spaces. A surface overflow path to the street 
provides drainage if the system is clogged or 
overwhelmed by runoff.  
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Concrete Grid Pavement (CGP) 

CGP consists of concrete block units with large openings (at least 20% of the total surface area) 
that are filled with free-draining material. CGP has many of the same benefits of PICP in terms 
of flexibility with removal and replacement of blocks and maintaining good infiltration rates 
over time, but CGP is generally not ADA compliant because of the extent of opening area. 
Figure PPS-3 shows a typical section for CGP. CGP installation costs may be offset by reductions 
in stormwater infrastructure requirements. 
Detailed information on CGP is available in 
ICPI Tech Spec 8 (ICPI, 2020). 

Porous Gravel (PGP) 

PGP is a lower cost alternative to PICP or CGP 
that is most applicable to parking areas, 
materials storage areas (without potential to 
introduce pollutants), driveways, and 
maintenance access paths. PGP is not ADA 
compliant, and ruts will develop unless the 
surface is stabilized. Use a cellular grid 
confinement system to stabilize the PGP. 
Figure PPS-4 shows a typical section for PGP 
pavement.  

Reinforced Grass Pavement (RGP) 

RGP has the appearance of grass turf while 
providing the stability of pavement. Several 
types of reinforced grass products are 
available and provide various levels of turf 
protection and pavement stability. RGP is 
frequently used to provide emergency vehicle 
access, maintenance access to SCMs, parking 
in infrequently used areas, and stabilization of 
roadway shoulders. Irrigation will typically be needed to establish and maintain grass cover for 
RGP. Maintaining grass in more heavily used areas requires more irrigation. Figure PPS-5 shows 
a typical RGP section. 

RGP should be treated similarly to other vegetated areas of a site. It reduces the site 
imperviousness and allows for reduction of runoff for impervious areas that drain to it but is 
not designed to capture and slowly release the WQCV in the same way PICP, CGP, and PGP do. 
It can be used as RPA, however, other SCMs will be likely be needed to meet water quality 
requirements.  

Selection Considerations for Reinforced 
Grass Pavement 

 Frequency of Use: For more frequently 
used areas, it is important to select a 
system that protects the root system of 
the turf from compaction.  

 Appearance: Concrete and plastic 
systems differ aesthetically. 

 Vehicle Loading: Emergency vehicle 
access roads may need to be designed 
for high loads but will be used 
infrequently.  

 Irrigation Expectations: Some 
pavements rely, in part, on the turf for 
stability.  

 Optimum Drainage Capability: Where 
soils allow for infiltration, select a 
product that will bridge the subgrade, 
providing better protection from over-
compaction.  
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Site Considerations 

Permeable pavement systems provide unique opportunities for unseen stormwater storage and 
treatment beneath areas that often occupy highly visible and functional portions of a site. For a 
permeable pavement system to perform effectively, careful evaluation of underlying soils, and 
surrounding structures and infrastructure is critical. The Filtration and Infiltration Systems 
section of this chapter describes site evaluations required for designing infiltration-based SCMs, 
including permeable pavement systems. Key considerations include:  

• PICP and gravel-filled CGP are ideal when stormwater storage and treatment is required 
and surrounding storm drainage infrastructure is shallow. PICP and gravel-filled CGP 
installation costs may be offset by the costs of avoiding underground vaults, pumps, 
mechanical water quality treatment devices, and associated long-term maintenance 
costs in these situations. 

• Permeable pavement systems are generally not suitable in areas where heavy vehicles 
will be loading/unloading or turning, areas with concentrated pollutant sources (trash or 
material storage areas, gas stations, fast food drive-throughs, near grease interceptors, 
and similar areas), sites with high sediment in runoff, and/or sites that use deicers or 
sanding for snow and ice management (ICPI, 2019). See the Filtration and Infiltration 
Systems section of this chapter for additional considerations that apply to all infiltration 
and filtration-based SCMs. 

• Permeable pavement systems are not appropriate near 
sediment source areas, including near loose material 
storage areas or areas with steep slopes and/or sparse 
vegetation. During construction, protect the permeable 
pavement system area from runoff with excessive 
sediment to preserve the infiltration capabilities of the 
area. Ideally, construct the permeable pavement system 
as a final step in construction after the contributing 
drainage area is stabilized. While this is not always 
feasible, installation of a permeable pavement system 
before the watershed is stabilized risks the facility failing 
to function as designed (ICPI, 2019).  

• When used in or adjacent to streets (in street-side 
parking spaces or bike lanes for example), consider 
underlying utilities that may require maintenance, repair, 
or replacement. Many local governments restrict the use 
of permeable pavement systems within the public right-
of-way, especially when there are underlying utilities.  

• Traffic loads must be considered for a permeable 
pavement system that will have vehicular traffic. This 
may dictate a deeper section. Consult a geotechnical 
engineer for site-specific criteria. 

Photograph PPS-X. Perimeter barrier and 
trench for underdrain to protect street 
subgrade with adjacent PPS installation. 
Photo: Beck Group. 
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• Design site landscaping to avoid plantings and trees which will seasonally drop 
deciduous leaves or evergreen material onto permeable pavement systems.  

• For sites with land uses or activities that can cause infiltrating stormwater to 
contaminate groundwater, special design requirements such as an impermeable liner 
are required to ensure no infiltration from the permeable pavement system. In these 
cases, a permeable pavement system may not be the most appropriate SCM.  

• Clearances may be required between the permeable pavement system and nearby 
domestic wells, septic systems, or shallow groundwater tables. Check local 
requirements for required setbacks. 

• When utilities are located beneath the permeable pavement system, provide access for 
the types of equipment that may be needed to repair or replace the utilities. Avoid 
utility installations below permeable pavement systems when practical, and sleeve 
utilities when they must be located within the pavement area. When utilities are 
present below partially or unlined permeable pavement sections, cutoff walls should be 
added to prevent water transport into the utility pipes. 

Community Values 

Permeable pavement, particularly PICP, is a highly flexible and useful option for providing water 
quality, runoff reduction, and potentially Full Spectrum Detention (FSD) for very urban or 
constrained sites. Permeable pavement systems can be a particularly good option in urban 
areas where high levels of use, high land value, and visual sensitivity do not favor the use of 
other SCMs that require more dedicated space. The ability of permeable pavement systems to 
filter, capture, store, infiltrate, and convey stormwater below ground allows sites to be used to 
their maximum potential, which can justify higher installation costs compared to many other 
SCMs. PICP should be considered for areas such as urban plazas and courtyards, hotels, multi-
family developments, conference venues, access drives and access roads, and high visibility 
parking lots that periodically function as event venues or gathering spaces. It is also a good 
choice for visitor facilities and parking for sensitive natural and historic areas where minimizing 

disturbance for site development and 
associated infrastructure is a primary design 
objective. 

PICP is also an excellent way to manage 
surface drainage on highly constrained sites, 
and it can replace the need for curb and 
gutter, extensive inlets and drainage piping 
to convey runoff through high use areas such 
as plazas and other high use/high visibility 
areas. PICP is useful for social gathering 
areas, where it can provide a hardscape 
environment that is truly barrier-free in 
terms of accessibility, visually pleasing, and 
designed to complement other site Photograph PPS-X. PICP with striped ADA parking and tree 

planter. Photo: Creative Civil. 
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structures and improvements. Most PICP systems are ADA accessible. Verify ADA compliance 
with the manufacturer.  

Other types of permeable pavement systems, such as CGP, PGP, and RGP, while less expensive 
than PICP, are less ideal for community uses, primarily due to their lack of ADA accessibility in 
many typical configurations, and in the case of RGP/CGP, their need for either irrigation (if soil 
and plant material are used to infill voids), or frequent weed control (if gravel is used as infill). 
These types of permeable pavement systems may be suited for overflow parking areas or 
commercial/industrial areas where community value is a lower priority (i.e., areas not typically 
used by the public). 

Maintenance 

Recommended maintenance practices are specific to the type of permeable pavement system 
and are detailed in the SCM Maintenance chapter of this manual. During design, consider the 
following to facilitate maintenance over the long-term: 

• Develop an operations and maintenance plan (O&M Plan) that identifies the type(s) of 
equipment needed to maintain the permeable pavement system and communicate 
expectations of this plan with the owner (e.g., the need for access to appropriate sweeping 
or vacuuming equipment for the type of pavement). Consider how the permeable 
pavement system will be accessed by maintenance equipment and allow space for 
maneuvering of equipment to access the full surface (ICPI, 2019). 

• Specify how snow will be removed from the permeable pavement system in the O&M Plan. 
Permeable pavement systems are not well suited in areas where deicers or sand are 
applied, so alternative means of managing snow and ice are necessary. In general, 
permeable pavement systems facilitate melting by infiltrating melting water instead of 
allowing it to refreeze (ICPI, 2019). Plowing is the recommended snow removal process. Use 
plows with rubber tips on the blades to reduce the potential for damaging pavement. 

• When utilities are located beneath the permeable pavement system, provide access and 
clearance for the types of equipment that may be needed to repair or replace the utilities. 

• Include observation well(s) as needed to monitor the drain time of the permeable 
pavement system over time and assist with determining the required maintenance needs 
over time. Include observation wells for detention applications and for WQCV applications 
that include an internal water storage zone below the underdrain. Observation wells are not 
needed for installations that are just intended to reduce impervious cover but that do not 
provide the WQCV (e.g. RGP for a maintenance access ramp). See Figure PPS-6. 

Design Procedures and Criteria 

The following procedures are common to all types of permeable pavement systems in this fact 
sheet. Details specific to each pavement type are presented following the general procedure: 

1. Conduct subsurface investigations and determine infiltration section type. Follow the 
guidance and criteria in the Filtration and Infiltration Systems section of this chapter to 
evaluate subsurface characteristics and select a full infiltration, partial infiltration, or no 
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infiltration section. Guidance and criteria 
are also provided for full, partial, and no 
infiltration sections including underdrain 
systems, filter sections, perimeter 
barriers, and impermeable liners. 

2. Identify unconnected impervious area 
(UIA) that will drain to the permeable 
pavement system. The ratio of UIA to the 
permeable pavement area, which acts as 
receiving pervious area (RPA), is a critical 
design parameter that affects the sizing of 
the SCM, the treatment and runoff 
reduction effectiveness, and maintenance 
requirements. Limit the amount of 
impervious area run-on to the permeable 
pavement to keep hydraulic and pollutant 
loading at levels that will not require frequent maintenance over time. Permeable 
pavement systems are most effective when the ratio of UIA:RPA is low. For PICP, a ratio 
of UIA:RPA of up to 5:1 is allowed (ICPI, 2019). For other types of permeable pavements, 
the maximum recommended ratio of UIA:RPA is 2:1.  

Be aware that the UIA:RPA ratio is directly proportional to the hydraulic and pollutant 
loading that the SCM will receive, so systems designed with higher ratios will require 
more frequent maintenance. For a permeable pavement system to be effective, run on 
from adjacent areas must be distributed uniformly across the permeable pavement 
surface. Designs that direct run on to only a portion of the permeable pavement system 
effectively overload one part of the system and underutilize others. A level spreader, as 
discussed in the SCM Inflows section, may be needed to achieve uniform flow 
distribution for larger run-on areas.  

3. Determine the WQCV and other design volumes that 
the system is intended to control such as the EURV 
and/or the 100-year detention volume. Calculate the 
required storage volume, accounting for Step 1 runoff 
reduction SCMs in the contributing watershed. 
Determine the required WQCV or EURV (watershed 
inches of runoff) using guidance in Chapter 3 of this 
manual (for WQCV) or equations provided in the 
Storage chapter of Volume 2 for the EURV and larger 
design storms. The designer must account for all areas 
draining to the permeable pavement system and 
determine imperviousness based on a calculated 
takeoff from the site plan. Use a 12-hour drain time for 
the WQCV.  

Designing for Flood Control 

When designing for flood 
control volumes, provide an 
overflow inlet that will 
allow runoff to flow directly 
into the aggregate reservoir 
when the hydraulic loading 
rate exceeds the surface 
infiltration capacity or in 
the event the surface is 
clogged.  

Photograph PPS-X. The reservoir layer of a permeable 
pavement provides storage volume for the WQCV. Photo 
courtesy of Muller Engineering and Jefferson County Open 
Space. 

https://stormwater.pca.state.mn.us/index.php?title=Summary_of_pollutants_typically_found_in_stormwater_by_source_area
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4. Determine depth and volume of aggregate reservoir. The minimum depth of AASHTO 
No. 57 or No. 67 coarse aggregate is 6 inches for PICP and CGP. For PGP, the thickness of 
this layer may be reduced to a minimum of 3 inches, given the 4 inches of overlying 
AASHTO No. 3 for the gravel surface. Additional depth may be required to support 
anticipated loads or to provide additional storage (i.e., for flood control). Size the void 

storage of the aggregate to accommodate the 
design volume without counting storage in the 
filter layer for partial and no infiltration 
sections. Assume a porosity of 40% or less for 
No. 57 and No. 67 coarse aggregate and for 
porous gravel.  

When a permeable pavement system is 
installed on a flat grade, the volume is 
calculated based on the area, depth, and 
porosity. When a permeable pavement system 
is installed on a slope, a stepped or sloped 
subgrade installation may be used to provide 
storage. Figures PPS-7 and PPS-8 depict 
stepped and sloped subgrade installations.  

For preliminary sizing, calculate the storage 
volume using equation PPS-3 for a flat or 

stepped subgrade installation. Use equations PPS-4 and PPS-5 for a sloped subgrade 
installation. These equations allow for one inch of freeboard. Flat installations are 
preferred because the design spreads infiltration more evenly over the subgrade. 
Specify fractured faces for reservoir aggregate.  

For flat or stepped installations (0% slope at the reservoir/subgrade interface), calculate 
the volume using equation PPS-3: 

𝑉𝑉 = 𝑃𝑃 �
𝐷𝐷 − 1

12
� 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 

Equation PPS-3 

Where: 

V  = volume available in the reservoir (ft3) 

P  = porosity, ≤0.30 for porous gravel, ≤0.4 for all other pavements  
  using AASHTO No. 57 or No. 67 coarse aggregate in the reservoir 

D  = depth of reservoir (in), one inch is subtracted from D in the numerator 
of Equation PPS-3 to provide a small amount of freeboard to reduce 
potential for washout of infill material 

APavement = area of the permeable pavement (ft2) 

Pavement Design for Vehicular 
Traffic 

When used for vehicular traffic, a 
qualified engineer experienced in 
the design of permeable pavements 
and conventional asphalt and 
concrete pavements should design 
the pavement section. The 
permeable pavement must be 
adequately supported by a properly 
prepared subgrade, properly 
compacted filter material, and 
aggregate reservoir material 
designed for traffic loads. 
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For sloped installations (slope of the reservoir/subgrade interface > 0%), use equations 
PPS-4 and PPS-5:  

𝑉𝑉 = 𝑃𝑃 �
𝐷𝐷 − 6𝑆𝑆𝑆𝑆 − 1

12
� 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 

 Equation PPS-4 

 

𝑆𝑆 <  
2 WQCV

𝑆𝑆𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
 

 Equation PPS-5 

 

Where: 

V  = volume available in the reservoir (ft3) 

P = porosity, ≤ 0.30 for porous gravel, ≤ 0.4 for all other pavements 
using AASHTO No. 57 or No. 67 coarse aggregate in the reservoir 

S = slope of the reservoir/subgrade interface (ft/ft) 

D = depth of the reservoir (in) 

L  = length between lateral flow barriers (see step 5) (ft)  

APavement = area of the permeable pavement (ft2) 

WQCV = water quality capture volume (ft3)  

Note that these are idealized equations for simple geometric situations. For sloped 
bottoms, it is not uncommon for the bottom to be sloped longitudinally along the 
underdrain and transversely toward the underdrain. For these cases, the volume 
provided by the permeable pavement system can be calculated based on the average 
cross-sectional area of the reservoir, adjusted for 1 inch of freeboard below the 
pavement surface. Multiply this average cross-sectional area by the porosity, P, and the 
pavement area, APavement, to calculate volumes for irregular geometry. Where lateral 
flow barriers or irregular shapes exist, break the storage reservoir into several storage 
cells to be calculated separately and summed for total volume. 
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5. Lateral flow barriers help maximize storage 
volumes in stepped and steeply sloped 
systems. Lateral flow barriers also help use the 
full infiltration surface and ensure that water 
doesn’t resurface in the lowest areas of the 
permeable pavement system. For installations 
with lateral flow barriers, each individual 
subsurface cell must be able to drain 
independently. For partial infiltration systems 
on steeper slopes, this may require lateral flow 
barriers that are several feet deep to prevent 
water that infiltrates in one cell from 
reemerging in another downgradient cell.  

Construct lateral flow barriers using concrete walls or a 30 mil (minimum) PVC 
geomembrane. Figure PPS-9 illustrates construction of a lateral flow barrier using a PVC 
geomembrane. Place lateral flow barriers parallel to the contours of the subgrade 
(normal to flow). This maximizes the volume available for storage and avoids issues with 
stormwater resurfacing and washing out infill material. See the Filtration and Infiltration 
Systems section of this chapter for PVC geomembrane and geotextile fabric criteria. 
Install the geotextile between material used to construct the lateral flow barrier and the 
geomembrane. Lateral flow barriers are recommended for all permeable pavement 
system installations that have a sloped reservoir/subgrade interface. Space lateral flow 
barriers as needed to maintain at least 6 inches of AASHTO No. 57 or No. 67 coarse 
aggregate in the reservoir.  

6. Perimeter barriers are required for all 
PICP and CGP systems to confine the 
permeable pavement system and 
prevent horizontal spreading and 
differential settlement under the 
weight of the layers of materials and 
loads on the permeable pavement 
system surface. Perimeter barriers 
may not be necessary for shallow PGP 
or RGP installations. Precast, cast-in-
place concrete, or cut stone barriers 
are required. Precast barriers must be 
interlocked or attached so that they 
do not separate. In urban areas, 
foundations and site walls can also be structurally designed as perimeter barriers.  

Lateral Flow 

Consider subsurface areas 
adjacent to the permeable 
pavement system when evaluating 
the perimeter design. Lateral flow 
can negatively impact the adjacent 
conventional pavement section, 
structures, or other infrastructure 
(especially when the subgrade is 
sloped). 

Photograph PPS-X. Geomembrane attached to concrete 
perimeter barrier. Photo: Creative Civil. 
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When a permeable pavement system is adjacent to conventional pavements, a vertical 
impermeable liner or concrete perimeter barrier with an 
underdrain may be required to separate the two 
pavement systems and prevent saturation of the 
subgrade below the conventional pavement. Consult with 
the geotechnical engineer on protection required 
adjacent to conventional pavements. Municipalities may 
have additional regulations on subgrade protection 
adjacent to public streets. The Filtration and Infiltration 
Systems section of this chapter provides guidance and 
criteria for designing perimeter barriers. 

7. Light 
poles 
and trees 
are 
common 
features 
within 
many 

permeable pavement installations. 
Parking lot lighting or trees installed 

within a permeable pavement system are typically deeper than the permeable 
pavement system cross section. Design post bases with a horizontal breakaway footing 
(attach the liner to the footing when lined). Trees within a permeable pavement area 
should use a planting vault extending vertically to the permeable pavement system 
bottom to allow tree roots to grow under the PICP. Tree root balls should be set 50% 
below the bottom layer of the permeable pavement system. See Figure PPS-12 for 
several tree planting concepts.  

8. SCM outlets are customized around overall design constraints and design-storm events 
included in the reservoir layer. Sites can vary greatly in shape, size, elevations of 
reservoir cells and ultimately the depth of connecting outfall system. In multi-cell 
installations, each cell must drain independently to avoid overflow between cells and 
washout. This requires the designer to know the depths of design events including the 
WQCV and larger design storage volumes within each cell to design an outlet for each 
cell that satisfies release criteria. A well-designed outlet will provide for ease of 
maintenance and cleaning. The entire system should be designed with consideration of 
the 100-year storm conveyance through the reservoir layers to the outlet to prevent 
backwashing paver joints resulting in paver movement and settlement. The outlet 

Photograph PPS-X. 
Geomembrane attachment to 
horizontal footing for light pole. 
Photo: Creative Civil. 

Photograph PPS-X. Tree planter vault for PICP installation. 
Photo: Creative Civil. 
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structure should be capable of conveying all storm 
events and maintaining the reservoir storage 
volumes per the design. Outflow systems are 
designed using multiple orifice and weir controls 
designed as part of the outlet release riser pipe. 
Figure PPS-10 provides examples of permeable 
pavement outlets configurations for the WQCV and 
for FSD designs.  
 
All designs must implement properly sized overflow 
paths that do not result in paver displacement or 
settlement during events exceeding design storms 
for which the reservoir layers are sized. 

The SCM Outflows section of this chapter provides 
guidance on designing subsurface outlets to release 
the WQCV. The outlet sizing is based on the depth of 
the WQCV or other design storage volume in the 
aggregate reservoir. The aggregate reservoir can also 
be sized for the EURV and 100-year storage volume 
based on guidance in the Storage Chapter. See the 
SCM Outflows section of this chapter for conceptual 
outlet structures with single and multiple orifice-
controlled release rates. It is important to know the 
depth of each volume stored to properly control 
release via the outlet structure. For calculating depth 
of the WQCV using a flat/stepped installation (Figure 
PPS-7), use equation PPS-6: 
 
 
 

𝑑𝑑 =  
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑆𝑆𝑉𝑉𝑉𝑉𝑆𝑆𝐷𝐷

𝑃𝑃𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
  

Equation PPS-6 

 

 
 

Where: 

d = depth of storage in the reservoir (ft) 

P = porosity, ≤0.30 for porous gravel, ≤0.4 for all other pavements using 
AASHTO No. 57 or No. 67 coarse aggregate in the reservoir 

 
APavement = area of permeable pavement system (ft2) 

Photograph PPS-X. FSD outlet for 
PICP system. WQCV orifice is 
drilled in front of cap at bottom. 
EURV is controlled by the circular 
orifice midway up the riser. The 
100-year event is released via 
rectangular orifices on the sides 
of the riser just below the band. 
The open top of the riser provides 
an emergency overflow. Photo: 
Creative Civil. 
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Design Storm Volume = Storage volume for design storm (WQCV, EURV, 100-
year) (ft3) 

 For calculating depth of the WQCV using a sloped installation (Figure PPS-8), use equation 
PPS-5: 

𝑑𝑑 = 6 �
2 WQCV

𝑃𝑃A𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
� +  sL Equation PPS-7 

Where: 

d = depth of WQCV storage in the reservoir (in) 

APavement = area of permeable pavement system (ft2) 

s = slope of the reservoir/subgrade interface (ft/ft) 

L = length between lateral flow barriers (ft) 

WQCV = water quality capture volume (ft3) 

As with equations PPS-3 through PPS-5, equations PPS-6 and PPS-7 are applicable for 
permeable pavement designs with simple geometry. For irregularly shaped installations 
or those with laterally and transversely sloping subgrade, calculate the average cross-
sectional area of the pavement section corresponding to the design volume (WQCV, 
EURV, and/or 100-year), and determine the depth for each design volume based on the 
porosity and area of overlying pavement and use this depth to calculate the head used 
in orifice and weir equations for outlet orifice and weir sizing.  

MHFD-Detention (available at www.mhfd.org) can be used to size FSD for permeable pavement 
systems, including the WQCV, EURV, and 100-year detention storage volumes. Consult with a 
geotechnical engineer on restrictions on reservoir depth related to pavement stability, traffic 
loading, and other geotechnical constraints. Aggregate reservoir depths up to 6 feet have been 
implemented successfully along the Front Range.  
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The following sections provide additional criteria 
that are specific to each permeable pavement type. 

Permeable Interlocking Concrete Pavers (PICP)  

Design of a PICP system follows the procedures 
outlined above and in the Filtration and Infiltration 
Systems section of this chapter. The following 
additional criteria and considerations apply:  

• Provide a 1.5- to 2-inch leveling course of 
AASHTO No. 8 above the AASHTO No. 57 or 
No. 67 aggregate reservoir to set the pavers.  

• For vehicular applications, use herringbone 
patterns as demonstrated in Photograph 
PPS-X and pavers with an overall length to 
thickness (aspect) ratio of four or less.  

• For vehicular applications, provide a 
perimeter barrier.  

• Provide a line of uncut blocks adjacent to 
the concrete border. This will ensure that 
cut edges are not placed directly against the 
concrete border which can cause damage to 
the paver at the interface with the concrete. 
This is often accomplished by specifying a 
sailor course or soldier course adjacent to 
the concrete edge.  

• All cut pavers must be at least 40% of the 
full uncut paver size when subject to 
vehicular use.  

• PICP pavers must not exceed a 101-square-
inch surface area with a thickness of 2 
inches to 5 inches (or more) per Interlocking 
Concrete Pavement Institute (ICPI) Tech 
Spec 10 (ICPI, 2015). Use of pavers less than 
2-3/8 inches thick is not recommended in 
this manual due to durability concerns over 
time. Specific paver thickness 
recommendations include: 

o Residential: 2-3/8” minimum thickeness (note: thinner pavers may be used for 
decorative installations; however, the durability and longevity of the surface will 
be less than if thicker pavers are used. 

o Pedestrian and plaza areas: 3-1/8” minimum thickeness. 
o Lightweight vehicle areas: 3-1/8” minimim thickness. 
o Heavier weight vehicles: 4” (or greater) per manufacturer specifications. 

Photograph PPS-X. This PICP pattern used allows 
both parking spaces and the crosswalk to be 
delineated with minimal cutting of pavers. Photo: 
SEH and the City of Ft. Morgan. 

Photograph PPS-X. The very small cut paver 
shown in this photo could have been eliminated 
by rotating the paver above it 90 degrees. 
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• Overall length to thickness (aspect) ratio for pavers:  
o Greater than 5:1 is considered decorative and not recommended. 
o Greater than 4:1 is not recommended for vehicular loading. 
o Between 4:1 and 3:1 is recommended for lightweight loading, residential 

driveways and pedestrian areas. 
o Less than 3:1 is recommended for areas of low-speed vehicular use. 

• Where cutting pavers can be avoided, there is 
often a savings of time and cost. Additionally, the 
integrity of the paver is preserved.  
• Avoid installation of circular inlets, valve boxes, 
bollards, light poles, and other similar features within 
PICP installations when practical. When used, install a 
square cast-in-place concrete collar. It is helpful for 
the installer to provide framed box-outs where collars 
are needed within the PICP layout to avoid small 
paver cuts.  

 

 

 

Concrete Grid Pavement (CGP)  

The design of CGP follows the procedures outlined above and in the Filtration and Infiltration 
Systems section of this chapter. The following additional criteria and considerations apply:  

• For CGP, provide a 2-inch leveling course consisting of AASHTO No. 8 aggregate to set 
the concrete blocks and use the AASHTO No. 8 for infill material between the concrete 
block units.  

• A continuous perimeter barrier is required for all CGP installations.  

Photograph PPS-X. Concrete collar helps avoid 
small-cut pavers around edges of inset 
features and can be colored to match 
surrounding pavers. Photo: Creative Civil. 
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Porous Gravel Pavement (PGP) 

The design of PGP follows the procedures 
outlined above and in the Filtration and 
Infiltration Systems section of this 
chapter. The following additional criteria 
and considerations apply:  

• The gravel surface must consist of 
a minimum of 4 inches of AASHTO 
No. 3 above the No. 57 or No 67. 
aggregate reservoir.  

• Use an interlocking plastic cellular 
paving product (or similar 
containment system) to stabilize 
the wearing course and avoid 
rutting in loose gravel. Without 
some type of containment system, 
rutting is likely to occur in driving or parking areas.  

Reinforced Grass Pavement (RGP) 

Figure PPS-5 provides a non-proprietary 
RGP section adapted from the Federal 
Aviation Administration (FAA) for 
aggregate turf pavement that can be used 
as a conceptual start for developing a 
site-specific design. In addition to this 
non-proprietary section, various products 
are available under the name of 
reinforced grass or turf pavement 
systems. The most common systems 
include: 

• Plastic Cellular Paving: This 
category includes interlocking 
plastic pavers typically designed to 
be filled with turf. This system allows for a high percentage of grass surface within the 
pavement area. Plastic cellular paving is not recommended for areas that will have 
traffic loads due to potential for compaction and loss of infiltration capacity. 

• Concrete Cellular Paving: This type of pavement consists either of interlocking pavers 
that have openings for the placement of grass or a similar cast-in-place system. Some 
systems include a reinforcement system that ties the pavers together, providing greater 
protection from over-compaction and greater resistance to differential movement. 
Although some systems confine the grass area to the openings in the concrete, others 

Photograph PPS-X. This Denver installation of porous gravel 
infiltrates the WQCV, while also serving as a material storage 
area. Use an interlocking plastic cellular paving product (or 
similar containment system) to stabilize the wearing course and 
avoid rutting in loose gravel.  
 

Photograph PPS-X. Concrete cellular paving grid for RGP 
provides maintenance access to the forebay. Photo: Creative 
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are designed to provide the appearance of a fully vegetated landscape.  

Construction Considerations 

Proper construction of permeable pavement systems requires measures to preserve natural 
infiltration rates (for full and partial infiltration sections) prior to placement of the pavement, as 
well as measures to protect the system from the time that pavement construction is complete 
to the end of site construction. The following recommendations apply to all permeable 
pavement systems and should be noted on plans as applicable:  

1. On the plans, require a construction fence around pervious areas where infiltration 
rates need to be preserved and are vulnerable to compaction from construction traffic 
or storage of materials. 

2. Hold a pre-construction meeting to ensure that the contactor understands how the 
permeable pavement system is intended to function. 

3. When using an impermeable liner, 
ensure enough slack in the liner to allow 
for backfill, compaction, and settling 
without tearing the liner. Provide 
necessary quality assurance and quality 
control (QA/QC) overseen by a 
professional engineer when constructing 
an impermeable geomembrane liner 
system, including, but not limited to, 
fabrication testing, destructive and non-
destructive testing of field seams, 
observation of geomembrane material 
for tears or other defects, and air lance 
testing for leaks in all field seams and 
penetrations. Consider requiring field reports or other documentation from the 
engineer. Avoid use of heavy compaction equipment over the liners.  

4. Follow subgrade and filter layer compaction criteria in the Filtration and Infiltration 
Systems section of this chapter. Filter material placed above the prepared subgrade 
should be compacted to a relative density between 70% and 75% (ASTM D4253 and 
ASTM D4254) using a walk-behind vibratory roller, vibratory plate compactor, or other 
light compaction equipment. Do not over-compact because it will limit infiltration into 
the underlying subgrade. The reservoir layer may not be testable for compaction using a 
method based on specified density (e.g., nuclear density testing). The designer should 
consider a method specification (e.g., number of passes of a specified vibratory 
compactor) for those materials. The number of passes appropriate is dependent on the 
type of equipment and depth of the layer. For unlined systems, place the aggregate in 6-
inch (maximum) lifts, compacting each lift by using a 10-ton, or heavier, vibrating steel 
drum roller. Make at least four passes with the roller, with the initial passes made while 
vibrating the roller and the final one to two passes without vibration.  

Photograph PPS-X. Underdrain penetration of 
geomembrane with boot. Photo: Creative Civil. 
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5. For lined installations providing protection fabric on top of the liner is essential for 
protecting the liner from tears due to compaction of angular aggregates used in backfill. 
Install the lower 16 inches of aggregate in 4-inch maximum lifts using lightweight 
compaction equipment such as a walk-behind vibratory plate compactor or a walk-
behind vibratory roller. Heavier grade compaction equipment can be utilized for upper 
layers only.  

6. To reduce sediment within the pavement section, specify all aggregate outside of the 
filter layer to be dry-screened and the mass percent passing the No. 200 sieve to be no 
more than one percent. Observe aggregate on-site prior to placement to ensure it is 
free of excess sediment. 

7. Discuss the contractor’s proposed sequence of construction and look for activities that 
may require protection of the permeable pavement system. Ensure that the permeable 
pavement system is protected from construction activities following pavement 
construction (e.g., landscaping operations). Protective measures may include covering 
areas of the pavement, providing alternative construction vehicle access, and providing 
education to all parties working on-site. Keep mud and sediment-laden runoff away 
from the pavement area. Temporarily divert runoff around the permeable pavement 
system or install sediment control measures as necessary to reduce the amount of 
sediment run-on to the pavement. Cover surfaces with a heavy impermeable membrane 
when construction activities threaten to deposit sediment onto the pavement area. 
Sequence construction of the permeable pavement system later in the construction 
process to avoid contamination of the permeable pavement system aggregates and 
joints with eroded sediments 
from construction disturbances.  

8. It is important for the designer to 
observe construction of the 
permeable pavement system at 
key points during construction. 
At a minimum, the engineer 
should observe the construction 
for conformance to the design at 
the following milestones: 
i) Subgrade inspection – The 

engineer should review 
subgrade surveyed elevations 
to ensure design volumes can 
be obtained. Many local 
jurisdictions require record 
drawings (as-builts) to prove 
storage volumes were 
achieved. In these cases, a subgrade survey will be required by licensed surveyor. 

ii) Impermeable liner and underdrain installation and seams (if applicable). 
iii) Placement of underdrain and completion of filter layer. 
iv) Placement of aggregate reservoir material. 

Photograph PPS-X. Mechanical placement in larger areas can 
reduce the unit cost of the pavement. Photo: Muller Engineering 
Company and Jefferson County Open Space. 
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v) Placement of leveling course and pavement surface.  
9. For PICP, verify that the specified types of pavers are used. Some pavers are permeable, 

and others are not. Do not allow design substitutions for pavers that do not comply with 
original design specifications. 

10. Where cutting pavers can be avoided, there is often a savings of time and cost. 
Additionally, the integrity of the paver is preserved. The designer must provide clear 
examples for incorporating markings into the pavement without cutting paver blocks. 
Around inlets and curbs, a colored concrete band or specialty pattern should be 
considered to avoid small paver cuts that will be unstable. Consider using squared off 
gutters for curb and gutter with radii smaller than 10 feet. 

11. For landscaped areas adjacent to PICP and CGP, do not apply mulches that float or could 
potentially wash into and clog the paver joints. 

Because proper installation of permeable pavement systems is critical for long-term function 
and structural stability, MHFD has developed example construction drawing notes for 
permeable pavement installations. The MHFD Permeable Pavement Example Construction 
Drawing Notes are available on the MHFD website and are intended as a starting point for 
designers to develop their own project-specific notes. Some of the Permeable Pavement 
Example Construction Drawing Notes may not be applicable in all situations, additional notes 
may be necessary, or notes may require alteration for site-specific installations. The MHFD 
Permeable Pavement Construction Example Drawing Notes are intended to convey to 
contractor, owner, and installers the basic functions, installation details, and cautions that must 
be followed for installation of a permeable pavement system that functions as intended. These 
notes must not be used without the design engineer editing the notes to reflect site-specific 
conditions. 
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Figures 

Figure PPS-1. Permeable Pavement System Components –Overview Rendering 

Figure PPS-2. PICP Pavement Section – Design Detail 

Figure PPS-3. Concrete Grid Pavement Section – Design Detail 

Figure PPS-4. Porous Gravel Pavement Section – Design Detail 

Figure PPS-5. Aggregate Turf Pavement Section – Design Detail 

Figure PPS-6. Observation Well – Design Detail 

Figure PPS-7. Permeable Pavement Profile, Stepped Installation –Concept Rendering 

Figure PPS-8. Permeable Pavement Profile, Sloped Installation –Concept Rendering 

Figure PPS-9. Lateral Barrier Installation – Design Detail 

Figure PPS-10. Conceptual Outlet Configurations for WQCV and FSD - Modify details below for 
this figure 
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