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Presentation Overview

= Categorizing Pervious Pavement

» Types of Pervious Pavements

* Pervious Pavement Detalils

= Pervious Pavement Sizing Calculations




= Pervious area that treats rain falling
on itself only, via ponding, infiltration
and/or evapotranspiration

» | andscaping
* Green roof
* Pervious pavement

» |Landscaped areas must retain
approximately 1" of rain

= Pervious pavement must be designed
to store and infiltrate the C.3.d amount
of runoff (aka “water quality volume”) in
order to qualify as self-treating areas

A

SAN MATED COUNTYWIDE
Water Pollution
Prevention Program
Clean Water. Healthy Community.




Definition: Self-Retaining Area

= Pervious area that retains first 1” of
rainfall on itself and runoff from adjacent
Impervious area, up to a 2:1 ratio
(impervious:pervious)
* Roof runoff dispersion to
depressed landscaped area
« Partial green roofs

« Pervious pavement (with
adequate storage)

= No special solls required

» |Landscaped areas must be able to retain
up to 3” of ponding
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Pervious Pavement Categories

= Site Design Measure
» Self-Treating
» Self-Retaining (up to 2:1 ratio)

« Often categorized as such to keep a project under impervious
surface threshold (ex: single family home projects)

* Only site design measure that requires O&M inspections (when
installing = 3,000 sf)

* Treatment Measure
« Same design approach

SAN MATED COUNTYWIDE




Types of Pervious Pavements

Pervious Pavers

Pervious Concrete

Pervious Asphalt

Grid Pavements (e.g., Grasscrete)

May be designed as pervious pavement

* Gravel, including Decomposed Granite
* Artificial/Synthetic Turf
« Playground Surfacing




Types of Pervious Pavement
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Generic Cross Section

5 T ORMWATER

Permeable pavement/surface layer
Typically asphalt, concrete or pavers

Open-graded base and subbases
Structural and storage layers typically include a
choker course and a reservoir course

Uncompacted soil subgrade

Source: ASCE Permeable

Figure 1-3
Generic permeable pavement cross-section Pavements, 2015

Source: £WHB
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Pervious Pavement Detalls
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Typical Section

Typ. Mo. B aggragate in openings

FICP Curt'edge rastraint with
cut-ouls for ceerflow drainage
gy Concreta pavers min,
A3 Yein (B0 ram) hick,
Bedding course 17 10 2 in.
{dik 1o 50 mm) 1hick
&in, {100 mm) )
thick No. &7 atang ity M. B appragats)
open-gradad bese [ 4 in {

Mk, 2 S10me r
subbese — thickness [~

varies with design -~ £/ ;

Optioned geuteglle._ ::='E|:IE.lE.'—%.I—I-T—'EﬂE'|EI Thickness
on bottom and sides H

of open-graded base Sail subgrade varies

<Pavement surface
+“Bedding No. 8 stone

<«Base No. 57 stone

. +Subbase No. 2 stone

»Base and subbase layers available for water storage




Reservoir Materials

= ASCE Pervious Pavement Guidance

« Use open graded / uniformly graded materials to maximize void
space for storage

 No. 2 Stone, No. 57 Stone

—generally accepted to have 35% - 40% void ratio

» Other materials commonly submitted on plans
* Class 2 Permeable Material - permeable, well graded
—lower void ratio (20% - 25%, estimated)

« Class 2 Aggregate Base — impermeable, negligible void ratio
o~ —Not appropriate for pervious pavement base




Underdrain Placement

Underdrain

. le=Reservoir Material

%ﬁ%ﬁ%ﬁ%ﬁ%ﬁéﬁi\uﬂ |'_|_|||_im‘§‘¢\ (No. 2 Stone / No. 57 Stone)
Soil Subgrade
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Pervious Pavement Underdrains

Concrete Curb
Concrete Pavers
/ Permeable Joint Material

Open-graded Bedding Course Raised Outlet

Open-graded Base Reservoir

Source: ICPI, 2012

Underdrain (as required)

Geotextile Against Excavated Soil Walls

Soil Subgrade * Underdrain placed in trench
 Detail intended to prevent damage to underdrain at bottom of section is OK
* Underdrain at this elevation with gravity connection will with raised outlet (upturned
not promote storage and infiltration elbow) to promote storage in
— subbase
P
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Underdrain: Upturned Elbow
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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)

—— 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

T T T TR T T

EMBED PIPE IN NO. 57 STONE

SOIL SUBGRADE SLOPED TO DRAIN




Underdrain: Upturned Elbow

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)

— 4 IN. (100 MM) THICK NO. 57 STONE
OPEN-GRADED BASE

MIN. 6 IN. (150 MM) THICK NO. 2 STONE SUBBASE

v

v

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

= - i

n
L

@
@

e g i e |
=TT =TT e = = PERFORATED, SLOPED UNDERDRAINS
_||| === = ||| == ||| ||| NEIE

\ EMBED PIPE IN NO. 57 STONE
‘}-.._/-/ SOIL SUBGRADE SLOPED TO DRAIN
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Underdrain: Connection to Catch Basin
or Utility Structure

T~
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L AT
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B = 7 oo == =]

217
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== A T T e e e T e = = DISCHARGE PIPE .~
==l =IE=N= =R = == === TO STORM SEWER
el =Tl OR DAYLIGHT TO

100 MM (4 IN.) DIA. PERFORATED SURFACE FEATURE

MINIMUM 75 MM (3 IN.) NO. 57 e = T—T—1—]
AGGREGATE SURROUND ==l —I|=l=l=H
=== ===
SET BOTTOM OF V-NOTCH R =l === === =TT ETE=E
WEIR TO DESIRED STORAGE =ll=l=l=l==l==E=l=E=E=E= ===
ELEVATION IN THE SUBBASE === EEEEEEEEEEETETEE
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Reservoir Storage — ldeal

Pervious Concrete, etc.

ST

(No. 2 Stone / No. 57
Stone)

Soil Subgrade
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Reservoir Storage — ldeal

Pervious Concrete, etc.

'Fj:—Reservoir Material

(No. 2 Stone / No. 57
Stone)

Soil Subgrade
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Reservoir Storage — Sloped Subgrade

Pervious Concrete, etc.

(No. 2 Stone / No. 57 Stone)

Soil Subgrade (slope should be < 3%)




Check Dams

Permeable pavement/surface
Pavement slope typically > 3%

Choker course

Reservoir course

Check dam, baffles or berms
Geotextile (may be required)
Underdrain (may be required)

Uncompacted soil subgrade

Figure 1-13
Sloped permeable pavement with checkdams, baffles or berms (exaggerated depiction)
Source: D VHE
_~ Source: ASCE Permeable
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Check Dams

= Concrete, earthen berms,
aggregate berms

= Geomembrane /
iImpermeable liner

':_." i ¥ Aggregate berm

Source:

2016 Slide from
Interlocking Concrete
Pavement Institute

Concrete
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Sizing Pervious Pavement

= General Principles

= Store the water quality volume
(WQYV) in void space of stone
base/subbase and infiltrate into
subgrade

= Surface allows water to infiltrate at a
high rate

= Any underdrains must be placed
above the void space needed to
store and infiltrate the WQV volume

A
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Sizing Pervious Pavement

= Pervious Pavement

= Can only be considered a “pervious area’ if stone base/subbase designed
to store and infiltrate the C.3.d volume (WQV)

= Can work where native soils have low infiltration rates (stored water depths
are relatively small)

= Surface area is usually predetermined

= Base and subbase thickness usually determined by expected traffic load
and saturated soll strength

= Slope should be < 3% (or use check dams/trenches)




Sizing Pervious Pavement

» Approach to Sizing Pervious Pavement Reservoir
= Do not exceed 2:1 ratio of contributing area to pervious area

= For calculations, assume the pervious pavement surface is
impervious in order to compute the volume of rainfall on surface

= Use volume calculation — SMCWPPP Worksheet
= Storage depth is dependent upon:

= Water Quality Volume (WQYV)

= Pervious Pavement Area

= Reservoir Material Void Ratio




Worksheet for Calculating the Water Quality Design Volume (80 percent capture method)
Instructions: After completing Section 1, make as many copies of this Excel file as needed to fill out the worksheet for each Drainage Management Area of the project. Enter
f— information specific to the project and DMA in the cells shaded in yellow. Cells shaded in light blue contain formulas and values that will be automatically calculated.

1.0 Project Information

[ ] ] 1-1 Project Name: Workshop Example The calculations presented here are based on the 80% capture method of
. . . ) sizing voll based provided in the Countywide

12 C}ty appllcatlon ID: Program's C.3 Technical Guidance, v. 5.0 (2016) The steps presented below
1-3 Site Address or APN: are explained in Section 5.1 of the Guidance, applicable portions of which
1-4 Tract or Parcel Map No: are included in this file, in the sheet named "Guidance from Chapter5".
1-5 Rainfall Region 4
1-6 Region Mean Annual Precipitation (MAP) 14.60
1-7 SiteMean Annual Precipitation (MAP) 15 Click here for map

| ]
= Available on
1-8 MAP adji factor is ically calculated as:

(The "Site Mean Annual Precipitation (MAP)" is divided by the MAP for the applicable rain gauge, showin in Table 5-3, below.)

S M C W P P P W I i t Refer to the map in Appendix C of the C.3 Technical Guidance to identify the Rainfall Region for the site.

2.0 Calculate Percentage of Impervious Surface for Drainage Management Area (DMA)
2-1 Name of DMA: |

u https ://fIOWStO bav.orQ/preve ntinQ' Foritems 2-2 and 2-3, enter the areas in square feet for each type of surface within the DMA.

. . £ surf Area of surface type within DMA | Adjust Pervious Effective
stormwater-pollution/with-new- (.50
2-2 |impervious surface 10,000 1.0 10,000
redevelopment/c-3-requlated- 0 01 0
Total DVMA Area (square feet) = 10,000

projects/#forms roto ffectivempervious vea ) [ 10,000 square feet

3.0 Calculate Unit Basin Storage Volume in Inches

Table 5-3. Unit Basin Storage Volumes in Inches for 80 Percent Capture Using 48-Hour Drawdowns, based on runoff coefficient

Station, and Mean Annual Runoff
Region Precipitation (Inches) Coefficient of 1.0
1 Boulder Creek, 55.9” 2.04"
2 La Honda, 24.4” 0.86"
3 Half Moon Bay, 25.92” 0.82"
4 Palo Alto, 14.6” 0.64"
5 San Francisco, 21.0” 0.73"
6 San Francisco airport, 20.1” 0.85"
7 San Francisco Oceanside, 19.3” 0.72"

31 Unit basin storage volume from Table 5.2: Inches

(The coefficient for this method is 1.00, due to the conversion of any landscaping to effective impervious area)

3-2 Adjusted unit basin storage volume: Inches

(The unit basin storage volume is adjusted by applying the MAP adjustment factor.)

33 Required Capture Volume (in cubic feet): Cubic feet

(The adjusted unit basin sizing volume [inches] is multiplied by the size of the DMA and converted to feet)

3-4 To size an infiltration trench, enter the surface area available: 10,000 Square feet

A

SAN MATED COUNTYWIDE 3-5 Required depth of infiltration trench, given the surface area available (in 3-4): Feet

WatE[ Pollution (Assumes 35% void space in rectangular trench with vertical sides.)
Prevention Program (Note: Infiltration trench depths are typically between 3 and 8 feet.)

Clean Water. Healthy Community



https://flowstobay.org/preventing-stormwater-pollution/with-new-redevelopment/c-3-regulated-projects/#forms
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https://flowstobay.org/preventing-stormwater-pollution/with-new-redevelopment/c-3-regulated-projects/#forms
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Volume-Based Sizing Worksheet

= Pervious Pavement is represented as impervious surface in the
Sizing Calculation

Type of Surface Area of surface type within DMA | Adjust Pervious Effe.zctive
Sl o GeRL o o o Suface. | impemviousArea |,
Impervious surface I 10,000 1.0 10,000 I
Pervious service 1T T T 0T T T Tox T .|- =0 = -|'
Total DMA Area (square feet) = 10,000
Total Effective Impervious Area (EIA) 10,000 Square feet

SAN MATED COUNTYWIDE
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Sizing Worksheet

Volume-Based

Worksheet for Calculating the Water Quality Design Volume (80 percent capture method)

Instructions: After completing Section 1, make as many copies of this Excel file as needed to fill out the worksheet for each Droinage Management Area of the project Enter
information specific to the project and DMA in the cells shaded in yellow. Cells shaded in light blue contain formulas and values that will be automatically colculoted.

1.0 Project Information

1-1 Project Name: Workshop EX&II‘I’IPIE The czlculations presented here are based on the 80% capture method of
sizing volume-based trestment measures provided in the Countywide

1-2 City application ID: £ P o

Program's (3 Technical Guidance, v. 5.0 (2018) The steps presentad below
are explained in Section 5.1 of the Guidance, applicble portions of which
are induded in this file, in the sheet named “Guidance from Chapter 5™,

1-3 Site Address or APN:
1-4 Tract or Parcel Map No:

1-5 Rainfall Region 4
1-5 Region Mean Annual Precipitation (MAP) 14.60
1-7 SiteMean Annual Pre cipitation (MAP) 15 Click here for map
| l l -
e S 1-8 MAP adjustment factor is automatically calculated as:
L]

At
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(The "Site Mean Annual Precipitation { MAP}" is divided by the MAP for the opplicable rain gouge, showin in Table 5-3, below.}
Refer to the mapin Appendix C of the C. 3 Technical Guidaonce to identify the Rainfall Region for the site.

2.0 Calculate Percentage of Impervious Surface for Drainage Management Area (DMA)
2-1 Name of DMA: |

Foritems 2-2and 2-3, enterthe areas in square feet for each type of surface within the DMA.

Area of surface type within DMA | Adjust Pe rvious Effective
Type of Surface .
(5q. Ft) Surface Impervious Area
2-2 |Impervious surface 10,000 1.0 10,000
2-3 |Pervious service 0 0.1 0
Total DMA Area (square feet) = 10,000
Total Effective Impervious Area (EIA) 10,000 Square feet

late Unit Basin Storage Volume in Inches

sin Storage Volumes in Inches for 80 Percent Capture Using 48-Hour Drawdowns, based on runoff coefficient

Station, and Mean Annual Runoff
Precipitation (Inches) Coefficient of 1.0
Boulder Cresk, 55.5° 204"
La Honda, 24.4" 085"

on Bay, 25.92" 082"

1 i g storage volume from Table 5.2.' Inches
= ooe volume:|___0.66 __|Inches

33 Reguired Capture Volume (in cubic feet): Cubic feet

(The adjusted unit basin sizing volume [inches] is multiplied by the size of the DMA and converted to feet)

34 To size an infiltration trench, enter the surface area available: 10,000 Square feet

3-5 Regquired depth of infiltration trench, given the surface area available (in 3-4): Feet

(Assumes 35% void space in rectangular trench with vertical sides.)
(Note: Infiltration trench depths are typically between 3 and 8feet.)




Reservoir Sizing

= Approach to Sizing Pervious Pavement Reservoir

= Check reservoir volume required:
WQV (cf) + Void Ratio = Reservoir Rock Volume, (cf)

= Check the resultant reservoir depth

= Rock WQYV (cf) + Pervious Pavement Area (sf) * 12 (in/ft) =
Reservoir depth, (in)

= Check the time required for stored water to drain (drawdown):
[WQYV (cf) + Pervious Pavement Area (sf)] + [Infiltration rate (in/hr) =
12 in/ft] = Drain time (hrs)




Volume-Based

Worksheet for Calculating the Water Quality Design Volume (80 percent capture method)
Instructions: After completing Section 1, make as many copies of this Excel file as needed to fill out the worksheet for each Droinage Management Area of the project Enter
information specific to the project and DMA in the cells shaded in yellow. Cells shaded in light blue contain formulas and values that will be automatically colculoted.

1.0 Project Information
1-1 Project Name: Workshop EX&II‘I’IPIE The czlculations presented here are based on the 80% capture method of
- . ) sizing volume-based treatment measures provided in the Countywide

u u 1-2 City application D: Program's (3 Technical Guidance, v. 5.0 (2018) The steps presentad below
1-3 Site Addressor APN: are explained in Section 5.1 of the Guidance, applicble portions of which
1-4 Tract or Parcel Map No: are induded in this file, in the sheet named “Guidance from Chapter 5™,
1-5 Rainfall Region 4
1-5 Region Mean Annual Precipitation (MAP) 14.60
1-7 SiteMean Annual Precipitation (MAP) 15 Click here for map

= Result: Aggregate
Depth (assuming 35%
void space
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1-8 MAP adjustment factor is automatically calculated as:

(The "Site Mean Annual Precipitation { MAP}" is divided by the MAP for the opplicable rain gouge, showin in Table 5-3, below.}
Refer to the mapin Appendix C of the C. 3 Technical Guidaonce to identify the Rainfall Region for the site.

2.0 Calculate Percentage of Impervious Surface for Drainage Management Area (DMA)
2-1 Name of DMA: |

Foritems 2-2and 2-3, enterthe areas in square feet for each type of surface within the DMA.

Area of surface type within DMA | Adjust Pe rvious Effective
Type of Surface .
(5q. Ft) Surface Impervious Area
2-2 |Impervious surface 10,000 1.0 10,000
2-3 |Pervious service 0 0.1 0
Total DMA Area (square feet) = 10,000
2-4 Total Effective Impervious Area (EIA) 10,000 Square feet

3.0 Calculate Unit Basin Storage Volume in Inches

Table 5-3. Unit Basin Storage Volumes in Inches for 80 Percent Capture Using 48-Hour Drawdowns, based on runoff coefficient

Station, and Mean Annual Runoff
Region Precipitation (Inches) Coefficient of 1.0
1 Boulder Cresk, 55.5° 204"
2 La Honda, 24.4" 086"
3 Half Moon Bay, 25.92" 082"
4 Palo Alto, 14.58° 054"
San Francisco, 21.0% 073"
San Francisco airport, 20.1° 085"
7 San Francisco Oceanside, 19.3° o7z

1 Unit basin storage volume from Table 5.2.' Inches
(The coefficient for this method is 1.00, du e conversion of any landscoping to effective impervious area)
32 Adjusted unit basin storage volume: Inches
(The unit basin storoge volume is a d by applyving the MAP adjustment factor.)
33 ‘apture Volume (in cubic feet): Cubic feet
(The adjusted unit basin sizing volume [inches] is multiplied by the size of A and converted to feet)
34 To size an infiltration trench, enter the surfa, available: 10,000 Square feet

3-5 Regquired depth of infiltration trench, given the surface area available (in 3-4): Feet

(Assumes 35% void space in rectangular trench with vertical sides.)
(Note: Infiltration trench depths are typically between 3 and 8feet.)




Reservoir Sizing — Contributing Area Impact

Pervious Pavement Area (sf) 10,000 sf
Additional Impervious Area (sf) O sf

Total Contributing Area (sf) 10,000 sf
wWQyV (cf) 500 cf
Reservoir Material Void Ratio 0.4
Reservoir Rock Volume (cf) 1,250 cf
Reservoir Depth (in) 1.5 in




Reservoir Sizing — Contributing Area Impact

Pervious Pavement Area (sf) 10,000 sf 5,000 sf
Additional Impervious Area (sf) O sf 5,000 sf
Total Contributing Area (sf) 10,000 sf 10,000 sf
WQV (cf) 500 cf 500 cf
Reservoir Material Void Ratio 0.4 0.4
Reservoir Rock Volume (cf) 1,250 cf 1,250 cf
Reservoir Depth (in) 1.5in 3.0in

SAN MATED COUNTYWIDE




Reservoir Sizing — Material Selection Impact

Total Contributing Area (sf)* 10,000 sf 10,000 sf

wQy (cf) 500 cf 500 cf

Reservoir Material No. 2 Stone Class 2 Permeable
Reservoir Material Void Ratio 0.4 0.2 (est.)
Reservoir Rock Volume (cf) 1,250 cf 2,500 cf

Reservoir Depth (in) 1.5 in 3.0in

*For this set of examples, total contributing area = pervious
pavement area
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Questions?

Jill Bicknell, P.E.

jcbicknell@eoainc.com
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