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3.5 Permeable Pavement




Permeable Pavement Surface Material




Typical Cross Section
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Permeable Pavement Feasibility Criteria

*Ratio of external *Other requirements
contributing « Water table depth
impervious surface * Minimum head
to permeable * Setbacks
pavement is 5:1 *Slopes
(2:1) is
recommended

*CDA should be
Impervious



Conveyance Criteria and Pretreatment

*Large storm events must be managed
e Overdrains/overflow inlets
* Extra storage depth
* Underground detention

*Pretreatment not required if CDA is 100%
Impervious



Permeable Pavement Design Criteria

* Specifications for each layer/element

* Reservoir Layer — No. 57 or No. 2 stone; sized for design
storm

* Underdrains — PVC with 3/8 inch perforations; drain
practice in 48 hours

* Infiltration Sump — No. 57 or No. 2 stone; must drain in 48
hours

* Filter Layer — No. 8 choker stone for optional separation
* Must have an observation well



Permeable Pavement Design Criteria

Equation 3.2:
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Depth of the reservoir layer (or the depth of the infiltration sump for
enhanced designs with underdrains) (ft)

The rainfall depth for the SWRv or other design storm (ft)

Runoff coefficient of the CDA

Permeable pavement surface area (ft?)

Total contributing drainage area, including the permeable pavement
surface area (ft?)

The field-verified saturated hydraulic conductivity for the subgrade soils
(ft./day). If an impermeable liner is used in the design then K., = 0.

The time to fill the reservoir layer (day) —assume 2 hours or 0.083 day
The effective porosity for the reservoir layer (0.40)



Permeable Pavement Design Criteria

. _ dp X1y
Equation 3.3: tq = K
sat
For enhanced design or enhanced designs with underdrains

t,= Time to drain (days) (must be < 2.0)
d, = Depth of the reservoir layer (ft)
n, = The effective porosity for the reservoir layer (0.40)

K., =The field-verified saturated hydraulic conductivity for the subgrade soils
(ft./day). If an impermeable liner is used in the design then K, = 0

Equation 3.4: Sv =A,[(dy X 1) + Kgar X tf]
Sv = Storage Volume of Practice (ft3)

Ap = The permeable pavement surface area (ft?)
t; = The time to fill the reservoir layer (day) —assume 2 hours or 0.083 day



Permeable Pavement Retention Value
Calculations

Standard Design

* Retention Value = 5.0 CF per 100 SF of practice
area

* Accepted TSS removal practice

~——— Permeable Pavement Surface Material

-, |~~—— Bedding Layer (as directed by manufacturer)
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Filter Layer




Permeable Pavement Retention Value
Calculations

Enhanced Design without Underdrain

* Retention Value = 100% of Storage Volume in
Reservoir Layer
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Permeable Pavement Retention Value
Calculations

Enhanced Design with Underdrain

* Retention Value = 100% of Storage Volume in
Infiltration Sump Layer

* Additional 5.0 CF per 100 SF of practice area
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Questions?




3.2 Green Roofs




Green Roof Specification

*Preferred practice in
high intensity
redevelopment areas

*Allow for many

different vendors
and systems

*Follow ASTM
specifications

KT

Lased




Green Roofs

e Extensive or Intensive

e Structural design
considerations

* High installation cost
* Increased roof longevity

e Additional urban
environmental benefits

* Major element of
compliance at urban
development sites




Intensive




Green Roof Feasibility Criteria

e Structural capacity of roof

* Roof pitch

* Setbacks from HVAC, building edge

* Compliance with building codes, fire code

* Maximum contributing drainage area to the green
roof is no more than 100% of the green roof area



Conveyance and Pretreatment

* Drainage layer and roof drains must safely convey
overflows

* No requirements for pretreatment



Green Roof Design Criteria

 Material
specifications for
each layer
Vegetation
. Growing Medium
¢ Th e d ra I n a g e I aye r Drainage, Aerafion, Water Storage
. and Root Barrier
can be combined i

Membrane Protection

Wlth the grOWing and Root Barrier
mEdia Iayer Roofing Membrane

Structural Support




Green Roof Design Criteria

* Solar panels, HVAC equipment, or other structures can be
installed above a green roof as long as these minimum
dimensions are met

3.0' min.

1.0" min.
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Green Roof Design Criteria

Sizing Equation Sy — SA x [(d X 771) T (DL X1, )]
B 12

Sv = storage volume (ft3)

SA = green roof area (ft?)

d = media depth (in) (minimum 3 in.)
n, = verified media maximum water retention (use 0.10 as a
baseline default in the absence of verification data)

DL = drainage layer depth (in.) (if the drainage layer is
combined with the media layer, then this value is 0)

n, = verified drainage layer maximum water retention (use
0.00 as a baseline default in the absence of verification

data)



Green Roof Landscaping Criteria

Plants need to resist and

withstand
* Drought
*Fire

* Wind

* Snow-loading

* Heat-stress

)

- Covers appropriate-for

reen-roofs in the District.y

Loisture-
Plantz Lightz Requirements Noteso
| Delosnerma-coomeriis Full-Jurs Dy Fink flowers; grows rapidlsys
| Delosnerma- Felardist | Full-3uni Dy Salmon flowers; grows rapidlys
‘Basutolandt Full-Jurs M oigt-Diy Vellow flowers, very-hardy
Sedum-albums Full-Jurs Dy White flowers, hardys
Full-Jurs Dy Vellow flowers, native to .30
Part-Shades Iloists ¥ ellow flowers, native to .3
L Mloisti Pink flowers; drought-tolerants
S Dy EBlue-greenfoliage; native to-tegiond
Part-Shade-Shade | Dry-hloists White flowers; grows-in shaded
| Talimum calycimm S Dy Pink flowers, self sowsi

accent-plants o

Mote:-Designers should chooge species based on shade tolerance,
and-spreading-rate. -See-Bnodgrass andBnodgrass (20067 for- defirative-list-of green-roof plants, inclading -

ahility-to-sow- or-not, foliage-height, -




Green Roof Landscaping Criteria

*Irrigation may be needed for establishment or
during drought

* Permanent irrigation is prohibited for extensive
green roofs

* Intensive green roofs W|th |rr|gat|on have a reduced
retention value R e o e




Green Roof Retention Value Calculations

Unirrigated Retention Value = Sv = 100% of Storage
Volume in Media and Drainage Layer

Irrigated Retention Value = 50% of Storage Volume in
Media and Drainage Layer
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Questions?




3.6 Bioretention







B-1 Traditional Bioretention
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B-3 Engineered Tree Pits




B-4 Foundation Planters

Source: City of Portland, OR . \ T RIS o ‘:




B-5 Residential




Standard Bioretention Design
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* Underdrain designs
without enhanced
features

e At least 18” media

* 60% retention value
for the design storm
captured

* Additional TSS removal
* Oversizing practice can

result in meeting full
criteria



Enhanced Bioretention 1

* Underdrain designs with minimum 9” deep (K... = 0.1 ft/day)

infiltration sump and at least 24” filter media

sat

* 100% retention value for the design storm captured
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Enhanced Bioretention 2 (Infiltration)

* For infiltration designs (storage volume must
infiltrate within 72 hours)

* Retention value for the design storm captured
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Bioretention Feasibility Criteria

* Works for all soil types
and most site
conditions

4 to 5 feet of head
* No irrigation or
baseflow

*Liner required for
hotspots




Conveyance Criteria and Pretreatment

*Conveyance: Off-line vs. On-line
* On-line requires overflow device

*Pretreatment Required
* Pretreatment Cell
* Grass Filter Strips
e Stone Diaphragm




Bioretention Design Criteria

* Maximum ponding depth
*18” with 3:1 side slopes
* Minimum filter depth

*24” for enhanced designs
* 18” for small-scale practices

*Infiltration designs
e \Volume must infiltrate within 72 hours

* Must have an observation well



Bioretention Design Criteria

* Maximum filter media depth

* The runoff coefficient of the CDA to the BMP
(RvCDA)

* The bioretention ratio of BMP surface area to the
BMP CDA (SA:CDA) (in percent)

e See Table 3.20



Table 3.20 Determining Maximum Filter Media Depth (feet)

SA:CDA Rveps

(*0) 5 0.50 0.60 0.80 0.90
0.5 6.5 6.5 6.5 6.5 6.5 6.5
1.0 5.0 5.5 6.5 6.5 6.5 6.5
1.5 3.5 4.0 6.0 6.0 6.5 6.5
2.0 3.0 4.5 5.5 6.0 6.5
2.5 4.0 4.5 5.5 6.0
3.0 3.5 4.0 5.0 5.5
3.5 3.5 4.5 5.0
4.0 3.0 4.0 4.5
4.5 3.5 4.0
5.0 3.5 4.0
5.5 3.5
6.0 3.0
6.5

7




Bioretention Design Criteria

Filter Media Specifications (based on weight)

* 80%-90% sand
* 10%-20% silt and clay
* Maximum 10% clay

* 3%-5% organic amendments

*P concentrations between 5 and 15 mg/kg
(Mehlich I) or 18 and 40 mg/kg (Mehlich I11)



Table 3.19 Summary of Filter Media Criteria for Bioretention

Filter Media Criterion

Description

Standard(s)

General Composition

Filter media must have the proper
proportions of sand, loam so1l, and
organic amendments to promote
plant growth, drain at the proper
rate, and filter pollutants.

8090—90% sand;

10%6—20% so1l fines;
maximum of 10% clay; and
3%—5% organic content

Must meet final filter media grain size
distribution OR have a saturated hydraulic
conductivity of 2—6 inches per hour

Based on final filter media grain size

materials such as leaf mulch, peat
moss, humus, or yard waste.

Sand Medmum to coarse aggregate distribution

Loam Soil Loamy sand, sandy loam, or loam | USDA Textural Triangle
Stable, well-composted, natural,

Organic Amendments carbon-containing organic Appendix J

P-Index or Phosphorus (P)
Content

Filter media with high P levels will
export P through the media and
potentially to downstream
convevances or receiving waters.

P-Index of 10-30 or
P content = 5-15 mg'kg (Mehlich I) or
1840 mg/'kg (Mehlich IIT)

Cation Exchange Capacity
(CEC)

The CEC 1s determined by the
amount of soil fines and organic
matter. Higher CEC will promote
pollutant removal.

CEC = 5 mulliequivalents per 100 grams

pH

Soil pH influences nutrient
availability and microbial
populations.

Between 6.0 and 7.5

Soluble Salts

Filter media with high levels of
soluble salts can injure or kill
plants.

Less than 500 ppm or less than 0.5
mmbhos/cm.




Bioretention Design Criteria

*Surface Cover
Options
* Mulch and perennial
vegetation
* Turf

e Stone with perennial
vegetation




Bioretention Design Criteria
Sizing Equation

SV = SAygiiom X [(d media ~ 7/ media ) i (d gravel % 71 gravel )] + (SAqverage X d ponding )

* Where:
e Sv = total storage volume of bioretention (ft3)
* SA, iom = bottom surface area of bioretention (ft?)
°d .4 = depth of the filter media, including mulch layer (ft)
* Nimedia = effective porosity of the filter media (typically 0.25)
* dyravel = depth of the underdrain and underground storage gravel
layer, including choker stone (ft)
* Ngravel = effective porosity of the gravel layer (typically 0.4)
* SA,erage = the average surface area of the bioretention (ft?)
S Aaverage _ SAbottom + SAtop
2
* dionging = the maximum ponding depth of the bioretention (ft)



Bioretention Tree Pit Design Criteria
%

TO IMCLUGE THIS MEDIA 1IN THE BICRETEMTION
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Bioretention Tree Pit Design Criteria

* The filter media must be connected to media under
the sidewalk

* The average depth of ponding must be at least 3
inches

* Sand based structural soil (SBSS) can be used as
filter media with the following criteria:
* The SBSS must meet the same phosphorus content limits

* If the SBSS is to be compacted beyond the DDOT Green
Infrastructure Standards maximum compaction for
bioretention, it shall be assigned a porosity of 0.10



Bioretention Landscaping Criteria

Tris Vevsicalor (%)
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Questions?




3.3 Rainwater
Harvesting




Rainwater Harvesting Feasibility Criteria

* Effectiveness for retention requirements
* Tank size
* Dedicated demand

* Minimal space or setback requirements
* Filters, pumps, and overflow devices are generally necessary

Risk Assessment needed to determme 20y treatment
requirements - :

* Appendix M Rainwater
Harvesting Treatment and
Management Requirements




Rainwater Harvesting Storage Volume Calculator

Storage volume determined through rainwater harvesting spreadsheet.
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Questions?




3.4 Impervious Surface Disconnection




Disconnection Specifications
* Difficult in ultra-urban situations

* Requires careful site planning

* Utilizes green space efficiently

* Turns runoff source into BMP



Three Disconnection Options

D-1 Simple Disconnection to Pervious Area
D-2 Simple Disconnection to Conservation Area

D-3 Simple Disconnection to Compost Amended
Filter Path



D-1 Disconnection to Pervious Area




D-2 Disconnection to Conservation Area

6-18 inches

Gravel diaphragm "’ Ponding A
{12 by 24 inches) for Forest '
pretreatment Zone
Ponding Gravel
Zone Berm Forest Zone
Runoff

* Conservation area does not include regulated wetlands and
buffer areas.



D-3 Disconnection to Compost Amended
Filter Path
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Impermeable Surface Disconnection

* For rooftops, CDA < 1,000 ft? per disconnection

* For non-rooftop, the longest contributing
 impervious area flow path <75 ft

* The available receiving area must be at least
e 10 ft—25ftwide and 15 ft — 100 ft long

* Width can be greater if runoff is conveyed via sheet flow or a
level spreader



Disconnection Retention Values

To a compacted cover area:

* 4.0 CF per 100 SF of receiving pervious area (A/B soils)
(42% volume reduction)

* 2.0 CF per 100 SF of receiving pervious area (C/D soils)
(21% volume reduction)

To a conservation area:
* 6.0 CF per 100 SF of receiving pervious conservation area
(63% volume reduction)

To a soil compost amended filter path:
* 4.0 CF per 100 SF of receiving pervious area
(42% volume reduction)



3.14 Tree Planting and Preservation

* Gives Retention Value for g
individual trees X

* Proper planting and
maintenance required

* Minimum rootable soil
volume requirements —
depend on if multiple
trees are sharing the
space

* Trees must be within the
LOD




Tree Planting and Preservation Retention
Values

* Preserved Trees
* Small trees (< 40 ft avg. mature spread) = 10 ft3
* Large trees (> 40 ft avg. mature spread) = 20 ft3
* Special trees (> 44 in. circumference) = 30 ft3
* Heritage trees (> 100 in. circumference) = 40 ft3

e Planted Trees

* Small trees (< 40 ft avg. mature spread) = 5 ft3
* Large trees (> 40 ft avg. mature spread) = 10 ft3



3.13 Proprietary Practices

* Approval procedures involve field studies and/or lab
tests

*VVariable retention and TSS removals

* Generally low retention value and high TSS removal

* Approval follows
NJDEP Protocol

* Appendix S




3.7 Filtering Systems

0% Retention Value

* Accepted TSS
removal practice

e Usually installed to
meet treatment
requirements in
vehicular access
areas

Image: Albemarle County



3.8 Infiltration

* 100% Retention Value for water that infiltrates in 72
hours

* Requires field-verified saturated hydraulic
conductivity

' A i syl ul W W1l &l 2l A il T IBART LA \
W ettt ol R L LR el e
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T:J A PEA GRAVEL OR BWER STONE
FILTER FABRIC

CLEAN, AGGREGATE WITH MAX.
DIAMETER OF 3.5 IN. AND A MIN
DIAMETER OF 1.5 IN

SAND BED 6 - &' DEEP
(OR FABRIC EQUIVALENT)

NOTE: RUNOFF EXFILTRATED THROUGH
UNDISTURBED SUBSOILS WITH A MIN RATE OF
0.5 INCHES PER HOUR



3.9 Open Channels

* Dry swale, wet swale, and grass channel
* Not high priority BMPs

* Dry Swale = 60% Retention + accepted TSS removal
practice

* Wet Swale = 10% Retention + accepted TSS removal
practice

e Grass Channel = 10% - 30% Retention



3.12 Storage Practices

* No retention or TSS removal value
* Intended only for detalnlng Iarge storm events
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3.10 Stormwater Ponds &
3.11 Stormwater Wetlands

*Rarely used
*10% retention value

* Accepted TSS
removal practice




Questions?
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