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Introduction to Pervious
Pavement Systems

Jill Bicknell, P.E., EOA, Inc.
Assistant Program Manager
Santa Clara Valley Urban Runoff Program
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Outline of Presentation

= Pervious Pavement for MRP Compliance
= Types of Pervious Pavement and Applications

= |s the Site Appropriate for Pervious
Pavement?

= Design Considerations (Hydrologic and
Structural)

= Underdrains, Observation Wells and Check
Dams

= Resources
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Pervious Pavement for MRP
Compliance

= Pervious pavement is defined as:

 Pavement that stores and infiltrates rainfall at a rate
equal to surrounding unpaved, landscaped areas; or

 Pavement that stores and infiltrates the rainfall runoff
volume described in Provision C.3.d.
= |[t's an effective LID “site design” measure that:
Reduces impervious surface
Reduces runoff peak flow and volume
Provides treatment via infiltration to native soil
May help recharge local groundwater sources
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Pervious Pavement for MRP
Compliance, cont.

= MRP 2 stresses importance of proper pervious
pavement design and maintenance

* Permittees are required to, on a regional or
countywide basis, develop and adopt design
specifications for pervious pavement systems

— See SCVURPPP 2016 C.3 Handbook Updates

 Permittees are also required to conduct installation
and O&M verification inspections of pervious
pavement, and track as a treatment measure
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Pavement Types

1. Permeable Interlocking Concrete
Pavers (PICP)

2. Permeable Pavers (water flows
through paver)

3. Pervious Concrete (poured Iin place)
4. Porous Asphalt (poured in place)
5. Grid pavement systems
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Generic Cross Section
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Permeable pavement/surface layer
Typically asphalt, concrete or pavers

,i-l- ..... =1y -I__-"':' 3 g ’ . __"'.'j.,_ i i .:. %

: ' r & & . ® Open-graded base and subbases
Structural and storage layers typically include a
choker course and a reservoir course

Uncompacted soil subgrade

Figure 1-3
Generic permeable pavement cross-section Source: ASCE Permeable

Source- &WHB
Pavements, 2015
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PICP Full Infiltration

Concrete Curb

Concrete Pavers
Permeable Joint Material

Open-graded Bedding Course

Open-graded Base Reservoir

Open-graded Subbase Reservoir

Geosynthetic Per Engineer

Geotextile Against Excavated Soil Walls

Soil Subgrade



P I CP Parti al Concrete Curb
Infiltration Concrete Pavers

Permeable Joint Material

Open-graded Bedding Course

Open-graded Base Reservoir

Open-graded Subbase Reservoir

Underdrain (as required)

* Raised at outlet

Geotextile Against Excavated Soil Walls

Soil Subgrade



Concrete Curb

PICP NO |nfi|'|:l'ati0n Concrete Pavers

Permeable Joint Material

Open-graded Bedding Course

Open-graded Base Reservoir

Open-graded Subbase Reservoir

Underdrain (as required)

- Impermeable Liner

Soil Subgrade



Pervious Pavement Parking Lots




Pervious Pavement in Streets

Allston Way, Southgate Neighborhood,
Berkeley Palo Alto
was
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Pervious Pavement in Parks:
Commodore Park, San Jose

8 Pervious
concrete

Porous
asphalt

Pervious
pavers

Permeable | |
rubber
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Pervious
Pavement Over
Infiltration

mare information, please visit
wironment.org/greensireets
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Pervious
Pavement Over :
Tree Trench — Feeee
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Evapotranspiration 474

Precipitation

A

Filtration
Detention
Retention
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Key Considerations for Site Applicability

possible Remedies

QR L A [F1R Subgrades > 3% require check dams
grades

Geotechnical risks Design for subgrade condition; may need
underdrains and/or impermeable liners

Groundwater Consider potential pollutant sources;
contamination risk maintain 2 5 ft. separation between bottom
of subbase and high groundwater level

Presence of utilities May require liner wrapping, vertical liners
against subgrade at penetrations, or encasing
in flowable concrete fill

LR T AT -8 Best for low volume, speeds < 35 mph. Bus
movements/heavy and truck routes may require thicker or
loads stabilized permeable bases



Key Considerations for Site Applicabilty

Possible Remedies

Target design volumes Run-on from adjacent impervious surfaces
and runoff rates limited by reservoir storage depth and soil
infiltration rates

WAL TR EL LR G LA Ok for infiltrating small volumes; may require
underdrains

(001 o[ ) [V (AT F-[=Te] 1 [S14 4[4 Geometric constraints may arise from
conditions horizontal or vertical grades, bridge
structures, curbs, retaining walls, etc.

May be less costly than alternatives that
provide drainage and peak flow control

Maintenance such as vacuum sweeping
required at regular intervals

Potential for sediment Evaluate construction/adjacent land use and

loading sediment transport potential — deploy
mitigation measures




Successful Project
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Hydrologic & Structural Design Overview

It's all about the Permeable Pavement

soil subgrade.... f Deslan l
Structural Hydrological
Analysis Analysis
B
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Hydrologic Design of Pervious
Pavement Systems

Can only be considered a “pervious area” if designed to
store & infiltrate the water quality design (WQD) volume

May be self-treating area (treats only rain falling on
itself) or self-retaining area (accepts runoff from
adjacent impervious areas)

If self-retaining area, recommend maximum 2:1 ratio of
adjacent impervious area to pervious pavement area

Determine unit basin storage (UBS) volumes from
curves in C.3 Stormwater Handbook, Appendix B

« Assume pervious pavement and/or adjacent areas are
100% impervious
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Pervious Pavement Typical Section

» Base and subbase layers available for water storage
* Both typically have 40% void space

Typ. Mo, B aggragate in openings

FICP ' Eﬂ?ﬁ;ﬁwﬂr&im ﬂ:ina.gﬂ
i 3 0 o ik +Paving surface
&in, (100 mm) ?&“ﬂ%‘;ﬁhzf'“?i“- <_Bedd|ng No. 8 stone
thick Mo, 57 stone i PN [typ. Mo. B aggragate) .
e e, 4in-{ ' | «Base No. 57 stone

M, 2 shon |
subbese — thickness |© 0
waries with design :

==l =l=N=]1= i TR
b gl PRI e Thickness ¥ = %1 <Subbase No. 2 stone
of npen-graded hase \_ Al mibrde varies Cride e
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Unit Basin Storage Volume
for 80% Capture (inches)

San Jose Rain Gage, 1% Slope

SAN JOSE AIRPORT RAIN GAGE
ASSUMED SLOPE=1%

—

am— y
_—
,CLAYEy [T sl
SANDY CLAY (D) /__..-——
CLAY LOAM (D) —""__—
T ~—a
LOAM/SILT LOAM (B)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent Imperviousness
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Approach to Hydrologic Sizing

= Self-Treating Area

e Check the depth of the WQD volume in the
base/subbase:
UBS volume (in.) + 0.40 = Depth (in.)

Example: UBS volume = 1.0 in., depth = 2.5 in.

e Check the time required for the stored water
to drain:
UBS Vol. (in.) =+ Infil. rate (in/nr) = Drain time (hrs)
(recommend < 48 hrs)

o
iﬁhﬂlnm '
Urkan Aumett F———

Bgllsgign Brpmneian Pragrom



Approach to Hydrologic Sizing

= Self-Retaining Area

* Add the WQD volume for adjacent areas to the WQD
volume for the pervious paving area itself (should not
exceed 2:1 ratio of contributing area to pervious area)

* Divide total WQD volume by pervious paving area and
convert to inches

e Check depth of total WQD volume in base/subbase:
WQD volume (in.) + 0.40 = Depth (in.)

Example: Total WQD volume = 3.0 in., depth = 7.5 In.

* Check the time required for stored water to drain:
UBS Vol. (in.) = Infiltration rate (in/hr) = Drain time (hrs)
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Hydrologic & Structural Design Overview

It's all about the Permeable Pavement

soil subgrade.... f Deslan l
Structural Hydrological
Analysis Analysis
B
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[Pedestrian UseJ Vehicular Use ] Time Steps
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Approach to Structural Analysis

= Determine whether pedestrian or vehicle use

= |f vehicle use:
« Get data on types and frequency of heavy vehicles

* Determine design traffic load in “ESALS” or
Traffic Index (Caltrans)

= Determine type of soll in subgrade and amount
of support it can provide when saturated

= Determine surface, base, and subbase
thicknesses
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UC Davis/Caltrans PICP Subbase Thickness Table

Number of Days/year

w/ Water in Subbase

10 or less

Resili s of
Subgrade, MPa

R-value

Lifetime ESALs
(Traffic Index)

24

36
7

48
10

60
13

24

36
7

48
10

60
13

Min. Subbase Thickness, inches for ASTM No. 2, 3 or 4

stone or Caltrans Class 4 AB
Allowable Rut Depth =1 in.

50,000 (6.3)

100,000 (6.8)

6.0

6.0

10.5

6.0

200,000 (7.4)

6.0

6.0

14.5

10.0

300,000 (7.8)

7.0

6.0

17.0

12.5

400,000 (8.1)

8.5

6.0

19.0

14.0

500,000 (8.3)

9.5

6.5

[20.0|

15.0

600,000 (8.5)

10.5

7.0

21.0

16.0

700,000 (8.6)

11.0

8.0

22.0

17.0

800,000 (8.8)

12.0

8.5

22.5

17.5

900,000 (8.9)

12.5

9.0

23.5

18.0

1,000,000 (9.0)

13.0

9.5

24.0

19.0




Concrete Curb
Concrete Pavers
Permeable Joint Material

Open-graded Bedding Course

Open-graded Base Reservoir

Open-graded Subbase Reservoir

Underdrain (as required)

Geotextile Against Excavated Soil Walls

Soil Subgrade
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TYP. NO. 8, 89, OR 9 AGGREGATE IN OPENINGS

CONCRETE PAVERS MIN. 3 1/8 IN. (80 MM) THICK
FOR VEHICULAR TRAFFIC (ASPECT RATIO < 3)

CURB/EDGE RESTRAINT WITH CUT-OUTS
FOR OVERFLOW DRAINAGE (CURB SHOWN)

—— BEDDING COURSE 2 IN. (50 MM) THICK
(TYP. NO. 8 AGGREGATE)

T 4 IN. (100 MM) THICK NO. 57 STONE

OPEN-GRADED BASE
MIN. 6 IN. (150 MM) THICK NO. 2 STONE SUBBASE

L—— NON-PERFORATED OUTLET PIPES SPACED
AND SLOPED TO DRAIN STORED WATER TO
CATCH BASIN OR WATER COURSE

GEOTEXTILE ON SIDES OF
SUBBASE AND UNDER CURB

OPTIONAL GEOTEXTILE ON SUBGRADE

|

PER DESIGN ENGINEER

—— PERFORATED, SLOPED UNDERDRAINS

EMBED PIPE IN NO. 57 STONE

_I_III_II_II_I_Ilil_ll_lill

SOIL SUBGRADE SLOPED TO DRAIN

29




Underdrain: Connection to Catch
Basin/Utility Structure
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Permeable Surface

Y

Open Graded Base ,3

Bufy ”5  o o
Subgrade /
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Perforated
PVC Pipe




Check Dams for Sloped Subgrades

e Generally used on 3% or greater subgrade slopes
* Old school: Concrete, earthen berms, aggregate berms

New school: Geomembrane (|mpermeable liner) only

M Aggregate berm
» covered with an
. impermeable liner

Concrete




Impermeable Liner Check Dams

BEDDING LAYER
2" ASTM NO. 89 STONE

BASE LAYER

4" ASTM
NO. 57 STONE

ORIFICE
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SMOOTH LINER LAYER THICKNESS

VARIES, ASTM NO. 4
UNWASHED STONE
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Permeable Interlocking Concrete Pavements | Permeable Pavements
Design, Specifications, Construction & Maintenance ASCE e-book
(100 pages) (250 pages)

PERMEABLE INTERLOCKING
COMCRETE PAYEMENTS

L

Permeable °
Pavements
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Interlock Design
Magazine

Tech Specs
Specs & Details
WWW.icpi.org
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