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Impact Development/
o Roadways:

he design approach is to:

significantly minimize or reduce
pollutants

1en... treat the remaining runoft.



g pollutants close to their source



BOEUS AS BIVIPS

st of

age conveyance systems

yed rights-of-way

De relop design approach to integrate runoft
reduction and pollutant attenuation functions
- into these features.



PAVEMENT

BMP Illustrated:

* Open Graded
Friction Course
(Limited Access
Roadway Only)

Other Option:
* Pervious pavement

EMBANKMENT

BMP Illustrated:
* Media Filter Drain

Other Options:

* Pavement

* Disconnection

* Vegetated Filter Strip

* Compost Amended
Vegetated Filter Strip

* Embankment Media
Filter (steep slopes)

COUNTRY DRAINAGE

BMP Illustrated:
* Micro-pool Filter

Other Options:

* Dry Water Quality
Swale

* Wet Water Quality
Swale

* Grassed Swale

UNDERDRAIN SAND FILTER

REMAINING R.O.W.

BMP lllustrated:

* Forested Canopy Credit
(within 100 feet of
pavement)




Canopy Tree Credit —>
(within prescribed distance
to pavement)

Pavement

Existing Catch
Basin
Retrofitted to Pavement

Porous

Drain to Off- Sidewalk

Line Leaching
OFF-LINE LEACHING
"“‘““"“‘\ Structure




Herziels

Parking

l€— Canopy Tree Credit —>
(within prescribed
distance to pavement)

Landscape Island

Depressed Below
Pavement Grade to
Provide for Bioretention
Cell

Parking Spaces
Constructed of Porous
Pavers (or Porous
Asphalt)

SLOPE_TRANSITION STRIP TOWARD PAVER
PLOW FROM

TO PREVENT SNOW

CATCHING EDGE OF PAVERS
POROUS PAVER
SURFACING

8 D E




ESI10N RO ads as BMPs

elements as potential BMPs:
ater practices

rater practices

eyance stormwater practices

7ay landscape stormwater practices
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dvements

Portland, ME

AT e - e

Maine Mall Road - Construction 7/27/2009

Maine Mall Road - Same Day

Source: Maine DOT



eybinentoptions:
WPENYeraded Friction Course (OGFC)

Conventi 1al Pavement Open Graded Friction Course

Source: Barrett, M. and C. Shaw. 2006.
Stormwater Quality Benefits of a Porous Asphalt Overlay.



Wetaded Friction Course (OGFC)

Pollutant (Relative % Reduction)
TSS Total P Total Cu Total Pb Total Zn
Berbee, et.al., 1999 91 - 67 92 90
Pagotto, et.al., 2000 90 - 35 78 66
- Barrett, et.al., 2005 93 - 79 95 73

Barrett & Shaw, 2006 91 35 - 90 75
Barrett, et.al., 2006 94 - 75 93 76
Stannard, et.al., 2008 88-92 51-64 51-58 88-91 81-84
Eck, et.al., 2011 91-96 66-78 56-69 >90->96 87-90

Eck, et.al., 2011 also shows relative reduction does not deteriorate over time.



=vankment O ptions:
BOTPOSAmended Vegetated Filter Strips
(CAVFES)

IMPERVIOUS SURFACE GRAVEL FLOW

COMPOST TILLED
INTO NATIVE SOIL

* t'
RS | = | IET
- * S—

—mmuﬁnl—lll
| | | 3' MIN ABOVE —| | |—
WIDTHVARIES | SEASONAL HIGH | l |_| | |

GROUNDWATER
AND BEDROCK —— | |—

EXISTING MATERIAL -

2/3 loamy sand and 1/3 compost

Adapted from Washington Department of Transportation



Anpankment Options:

Pollutant
Total P Total Cu

WSDOT, 2005 -17 79
(% Removal, conc.)

Herrara, 2007 77-84 80-84
(% Removal, conc.)

Herrara, 2007 96-99 96-100
(% Load Reduction)

Total Zn

67

87-90

97-100




Enpankment Options:
VIR Iter-Drain (IVIFD)

NQO VEGETATION

ZONE VARES 1.3 Ecology Mix:
GRASS STRIP ECOLOGY MIX
3 MIN. DRAIN BED

VEGETATION crushed stone aggregate

S ECOLOGY MIX :
IMPERVIOUS SURFACE RSt 12" MIN. DEPTH perhte

| PERFORATED UNDERDRAIN PIPE dolomite
| I | : UNDERDRAIN TRENCH gyp sum

EXISTING SOIL

PAVEMENT
BASE COURSE

ABOVE SEASONAL HIGH
GROUNDWATER AND
BEDROCK

Adapted from Washington Department of Transportation



Snpvankment Options:

-er.Drain (MFD)

Je a..ilter Drain Pollutant Removal

Study

Pollutant (% Removal)

TSS Total Total Total Total Total Turbi-
P N Cu Pb Zn dity

- WSDOT, 2005 95 84 82 89

Wright Water 57 67-85 59-83

Eng'rs, et.al.,
2011

Geosyntec,
et.al., 2010

Geosyntec,
et. al., 2011



1s that provide treatment;
Quality Swales
Bioretention Swales
ns: think outside the box:
- VTrans Micro-Pool Filter




cyance system Options:

501 Filter

TSN TR DROUGHT RESISTANT
R=8 /l GRASS SURFACE

—_—

33 -

Source: Vermont Agency of Transportation
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4" PERF. HDPE DRAIN PIPE
(DIA. VARIES)

1.5 STONE (VAOT SEC. 704.02(c))  SAND AREA = 8,5 SF ' | . Ba 4
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gyance system Options:
BOIEilter

" fimtéd Micro-Pool Pollutant Removal

Pollutant (% Removal)
TSS Total P Total N

Source

MassDEP, 2008 80 10-50 20-40
Data for Sand Filters

Plus: Channel Protection

Enhanced treatment by settling pools, vegetated
filter layer
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PaVENcHiadisconnection

Qualifying Impervious Area

Sheet Flow

Adapted from Maryland Stormwater Design Manual
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VIICYOSlEatment systems

Scale BMPs to fit the -
design context; example: e | |

SLOPES

OVERFLOW PERFORATED
UNDERDRAIN

Micro-Bioretention Cell

i I 7 /7 R 7 /777, R /7 /7

r T FLOW ——=—
) FLOW

OVERFLOW BASIN

PARKING LOT T “ FARKING LOT

CURB
PEA GRAVEL SLOPES

MULCH LAYER

PLANTING MEDIA

STONE RESERVOIR Adapted from Maryland
PERREAI SRR EERTINY Stormwater Design Manual
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vidual trees

CUEFR 2007

(carsmoveus.com)
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@ Arbor DayFoundation |1 T catwsh it snin
In Central Massachusetts, R P

s

12-inch Red Maple...

National Tree Benefit Calculator g,

a1 Intercepts 1353 gallons of

Water p er ye ar,’ — “"‘;"""“ Your 12 inch Red maple will

‘and Evaporation 4 intercept 1,353 gallons of
dmssese) stormwater runoff this year.

Y 1 Urban stormwater runoff (or "non-point
n h f - e pollution") washes chemicals (oil, gas-
qu a_ S ° 1 C e S O e, salts, etc ) and litter from surfaces such
i ! as roadways and parking lofs into streams,
o 3 wetlands, rivers and oceans. The more im-
I,1 \ pervious the surface (e.g., concrete, asphalt,
r l l I l Off re d I I C tlo I I Over t e b rooftops), the more quickly pollutants are
- . washed into our community waterways.
L g Drinking water, aquatic life and the health of
our entire ecosystem can be adversely effect-

area of the tree’s canopy Yy

Roots Take Up Sol Trees act as mini-reservoirs, controlling run-
off at the source. Trees reduce runoff by:

@ Si gniﬁc ant “Runoff W - e

and bark
- Increasing infiltration and storage of rainwater
through the tree’s root system

Reduction” potential

For more information visit: The Center for
Urban Forest Research

National Tree Benefit Calculator
https:/ /www.arborday.org/ calculator/index.cfm

The National Tree Benefit Calculator was conceived and developed by

DAVEY% Davey Tree Expert Coand C Trees. This is an i-Tree powered tool.

1-888-448-7337 | donate now | privacy | about us | site map | careers | your state |[f] W 3§ | blog
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(CCORNRNERoOadway Landscape

In addition to interception/
evaporation, trees reduce
runoff by:

@ Uptake and transpiration
from the ground

= Enhancing infiltration into
the ground

= Roots binding soil,
preventing erosion and
associated accelerated
runoff

Source: Tree City USA Bulletin No. 55
Arbor Day Foundation



vation/restoration of forested landscape

ves for implementation of these
res



®tecape O ptions:
Cradits o TEEE

ohia, PA stormwater program:
me reduction for individual trees
on (canopy within 20 feet)
tree installation (canopy within 10 feet)

st comply with specified standards

sylvania (State) Stormwater BMP Manual
idual tree credits
= Forested area credits (within 100 feet

® Portland, OR
= Comparable practices to Philadelphia






Urban Watershed

|\
Forestry Manui.‘
¢ Planting Guide

part 3: Urban Tre

http:/ /www .na.fs.fed.us/pubs/uf/watershed1

urban watershed forestry manual partl.pdf



http://www.na.fs.fed.us/pubs/uf/watershed1/urban_watershed_forestry_manual_part1.pdf

Pavement
Disconnection?

Media Filter
Drain?

dnyman@ceiengineers.com
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