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/ Low Impact Development

Introduction




ﬂow Impact Development (LID)

Is a design, planning and engineering approach
to managing stormwater runoff

LID includes:
= Rain gardens
= Bioretention
* Permeable pavement / pavers
" Green roofs
= Rain water harvesting

" Green walls




Stormwater Runoff

=" Impervious Surfaces
= Roads
= Roof tops
= Lawns and landscapes
= Pollutants .
= Oil e
= Heavy metals
= Phosphorous
= Silts
= Affected Natural Areas
= Wetlands
= Streams =S
= Water bodies e -



http://www.flickr.com/photos/thirteenofclubs/3384364454/
http://foter.com/
http://creativecommons.org/licenses/by-sa/2.0/
http://creativecommons.org/licenses/by-sa/2.0/
http://creativecommons.org/licenses/by-sa/2.0/

Stormwater Runoff Can Lead To:

® Erosion

= Pollution of Soils and

Water Bodies
= Sedimentation

" Combined Sewage

Overflows

= | oss of Wildlife Habitat




Conserve

* trees

* plants

* healthy soils
Minimize

* impervious surfaces

* native vegetation loss
e stormwater runoff




Benefits of LID

Reduces and slows stormwater runoff
Protects water quality

Restores ecosystem services including:
« Water infiltration E"

e Groundwater
recharge

* Pollution interception
and filtration

* CO2 sequestration

* Protection of habitat
for beneficial wildlife

Hydrologic (water) cycle



Stormwater is Regulated
Clean Water Act

National Pollution Discharge Elimination
System (NPDES)

Washington State Department of Ecology

Municipal permits

DEPARTMENT OF

ECOLOGY

State of Washington City of Seattle
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Regulatory Changes are Coming

* Western Washington - LID will be required in
new development and re-development

e Eastern Washington - LID allowed

* Deadlines depends on population size
* Earliest: June 2015

* Most will adopt by: Dec 2016

e Latest: June 2018
DEPARTMENT OF

e ECOLOQY

State of Washington




Give Input

Get in touch with your local officials while regulations are being made:
http://www.mrsc.org/research/research.aspx

Municipal Research and Services Center of Washington

Working Together for Excellence in Local Government

——
Legal Resources Research Tools Subject: Services Site Index _

Research Tools = City Resources

= = ]

Heme | AbautUs | contact s MIRSC City and Town Resources
[ ] =

City and Town Profiles

Have a question? o . . o .
MRSC's City and Town Profiles include population statistics, maps, selected documents, form of government, city class, and

W economic and demographic information for all cities in Washington State.

City and Town Officials

Related Resources i . . . .
City Profiles Our online version of city and town officials can be found through our City and Town Profiles page. You can also search the

County Profiles entire city/town online directory for officials by using our Search City & Town Officials page.

Budgets

Business Forms
Comprehensive Plans
Council Meetin
Broadcasts City and Town Websites

Email Notification /

Alerts City and Town Websites List contains links to all Washington City websites.
Ordinances and

Resolutions .
Staff Directories City and Town Codes

Directory of City and Town Officials, updated annually, contains lists of city officials including mayors, councilmembers, and
city managers for all cities in Washington State.

City and Town Codes page contains links to and publication information on all Washington City codes currently online.

MRSC Tools and
Resources
Library Loan Request
MRSC Index
MRSC Publications List
Research Request

Sample Local
Government Documents
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/ /Zsofia Pasztor

 Owner of Innovative
7 AN Landscape Technologies

e Certified Professional
Horticulturist

e Past president of
Sustainable Development
Task Force — Snohomish
County

* |nstructor at Edmonds
Community College /
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QOutline and Learning Objectives

* Why use permeable pavement?

* Understand the basic components of the three most
popular permeable pavement systems:

Porous Asphalt
Pervious Concrete
Permeable Interlocking Pavers
* Understand available system information sources
e Review construction sequencing for each pavement

* Review maintenance requirements



Why Permeable Pavement?

e Part of BMP mix, supports LID

* Conserves space: a functional pavement
and a stormwater management facility

* 100% runoff reduction for high frequency
storms, can help meet Ecology’s flow
control requirement.



Why Permeable Pavement? (cont.)

* Reduce retention/detention, drainage
fees

* Together with subgrade soil, permeable
pavement systems can help filter and
reduce pollution from stormwater.

* |ncrease groundwater recharge



Determining Subgrade Soil Infiltration

* Soil maps and soil classificaton
systems (NRCS, USCS)

e Conduct on-site infiltration
tests

* Use lowest (conservative)
values for preliminary design.




Subgrade Infiltration

e Use site tests for accurate information

* Frequency and location based on geotechnical
requirements (consult engineer)
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3% in. (BO mm) thick PICP pavers and
2 in. {50 mm) thick Mo. 8 stona bedding

2 in. {100 mmj thick Mo b5 shono basa

Depending on the slope of the project, use check
dams to allow runoff to infiltrate into sub-soil.



Porous Asphalt

* Defined as full depth
porous material — all
materials in the road
section are permeable.

e Historically used as porous
friction course (PFC)
overlay to reduce
highway spray and
minimizes traffic noise.

* Limited use on local
residential projects, more

typical on municipal
streets.




- | Porous
| Pavement

Slide courtesy Mark Palmer, City of Puyallup



==
— s L
| =POROUS PAVEMENT NON-WOVEN
) | GEOTEXTILE AT INTERFACE WITH
3" POROUS ASPHALT \ AGGREGATE DISCHARGE BASE

\  (SIDES AND BOTTOM)

2" CH C \

2 IERRE LOLRAE —— SOIL SUBGRADE COMPACTED

18" AGGREGATE TO 92%. SCARIFY TOP 1/4”

DISCHARGE SUBBASE OF SURFACZ PRIOR TO
PLACEMENT OF GEOTEXTILE.

NOTES:
1. DEPTHS NOTED ARE COMPACTED DEPTHS.

Porous Asphalt Concrete Paveme';\? 1Q

Slide courtesy Mark Palmer, City of Puyallup



Materials and Specifications

HMA (hot mix asphalt) complies with NAPA specifications for
porous applications (polymer additive, 6%-9% asphalt cement
binder). Use fibers and anti-stripping agents in binder to
reduce drain-down potential.

Aggregate for wearing course is typically 1/4” to 3/8”, though
larger gradations have been used successfully.

Choker course gradation depends on reservoir course
gradation but is typically 3/4” to 1”. Some projects are
eliminating (or minimizing) the choker course.

Reservoir aggregate is 1” to 2” gradation (WSDOT Section 9-
03.9(2) permeable ballast).

All aggregates are durable, crushed and clean with no
rounded rock (90-100% fractured face)



Base and Sub-base Aggregat

well-graded, crushed
aggregates (no fines).

Reservoir course —

Larger crushed aggregates
(no fines).

es

g' 4

* Choker course — Wt TR




Industry publication

* National Asphalt Pavement
Association (NAPA)

e Order number:

1IS-131 " Porous Asphalt —
) Y e

Information Series 131

Management

and Maintenance Guide

www.asphaltpaving.org



http://www.asphaltpaving.org/

Slide courtesy Mark Palmer, City of Puyallup



Porous Asphalt Construction Sequence

Slide courtesy Mark Palmer, City of Puyallup



Examples of
Porous Asphalt
Installations



Pervious Concrete

‘No fines’ concrete
creates void structure
that allowing for quick
drainage of water.

Rigid pavement
structure (different
from asphalt or pavers
which are flexible
pavement systems)

Photo from www.perviouspavement.org



http://www.perviouspavement.org/
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TYWICAL PERWIOUE CORNCRETE PAVEMENT SECTION
MT.L

from Stormwater Management Academy, UCF (2007)



Materials and Specifications

Rigid pavement typically requires less base aggregate
than other systems for structure.

Contractor certification and educational programs
help promote proper installations.

Differences from standard concrete:

— stiff mix so no slump or strength testing
— cannot be pumped

— compact in place with vibratory roller
— cover with plastic while curing



Industry Resources

* National Ready Mixed Concrete
Association

WWW.perviouspavement.org

* Puget Sound Concrete Specification § S
Council "i.,;;~ﬁ ' Pervious

\ ' Concrete

www.theconcretecouncil.org S d S

Y./ Pavements

e Portland Cement Association

www.cement.org

“Pervious Concrete Pavements,”
(s
product code EB302 s POA_ NRMCA



http://www.perviouspavement.org/
http://www.theconcretecouncil.org/
http://www.cement.org/

Pervious Concrete Construction Sequence

from www.perviouspavement.org



Examples of Pervious Concrete Projects




Examples of Pervious Concrete Projects




Examples of Pervious Concrete Projects

Y 4




Permeable Interlocking Concrete
Pavements (“PICP”)

* Unlike other systems, the paving stones that
comprise the wearing surface of the pavement are

not permeable.

 Permeability is achieved through openings in the
pavers or the joint spaces between the blocks.

e Structurally, PICP is a flexible pavement (like asphalt)



PICP Cross-Section

O Eco-Stone® family of Permeable Paver joints
Pe r m e a b | e p ave r We a rl n g permeable interlocking filled with No. 8
concrete pavers: washed aggregate
Eco-Stone®

Ecoloc® Washed No. 8|
CO u rs e Eco-Priora® 8x 8 bedding aggregate,

Eco-Priora® 4 x 8 (shown) : 112" -2" depth

No. 8 aggregate joint fill

No. 8 aggregate bedding
No. 57 ‘choke’ course

No. 2 reservoir course or
‘oermeable ballast’

: Geotextile, optional
if required by design

Geotextile (if required) —

base aggregate, | Washed No. 2
4" depth subbase aggregate,
depth by design
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Infiltration Rates --Surface, Joints & Bedding

e Infiltration rate of stonein —_ |

openings: 300 to 1200+ in./hr

* Open surface area: varies with

paver design/pattern, typically
from 8% to 18%

Initial surface infiltration calculation:
1,000 in/hr x 12% open area = 120 in/hr



* Interlocking Concrete

Pavement Institute (ICPI) PERMEABLE INTERLOCKING

. ) CONCRETE PAVEMENTS
WWW.icpi.org

Design * Specifications * Construction ® Maintenance

L David R. Smith
Fourth Edition

95 Co



http://www.icpi.org/
http://www.icpi.org/

Construction




PICP Installation

 During excavation, do not compact native soil

» Compacted soil is 30% to 90% less permeable
than un-compacted soil



s R -
Keep delivery trucks off of native soil




Spreading Base Material

f.




Final grading of base material
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Mechanical Installation

Mechanical installation of PICP can decrease
construction time 20-80% over manual installation

Manual paver installation:

1,000 — 2,000 sq. ft. per man per day

Mechanical paver installation:

3,000 — 10,000 sq. ft. per machine per day



Edge pavers
cut and
placed,
then
compacted




Compact before sweeping in aggregate
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low (less than 0.25
in/hr, consider
‘partial exfiltration
design

4

Uses perforated
pipe ‘under-drains
to route excess
water to outfall

TYF. 8O, B AGGREGATE IW OPERINGE

ECO-STORE CONCRETE FAVERS

3 53 {50 i) THICE

CLURSTDGE FESTRANT WITH CUT-0UTS
FOR OWERFLOWY DRAMAGE $CURSE SHITAN)

REDDING COURSE 1 1727 TO 77 (80 Tox 50 mam) THICK
(TYF. MO. B AQGAEQATE)

&7 (150 MWD THICK KO, 57 5TONE
s OER-CRADED BASE

RARL € [150 W THICK
MO F STONE SURRASE

- u - -
£ P = S o B
] i iy SO0 . 5,5 IO ANO
"!a_j@ ..= B ) R O TIORAL GECTEKTILE O 1 "]
.1 AW '« AL n A A%, " | BIDEE OF OPER-ORADED BASE

f— PERFORATED PIPES SPACED AMD SLOPED

= TOORMY ALL STORED WATER

=

r'-:'Ii.-l- .-;:',.
1= f=t4ft— CAUTFALL FIPE[E) BLOFED TD ETORM
SFWER OR STAEAR
500 SbGRARE 5L08E0 TO DRk

Note: Full flow control credit is not
allowed when underdrain systems
are utilized.




Design Details

asts

I

rass swale

Overflow drain Drain to g
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Maintenance

Annually: overall system performance inspection,
check observation well , inspect after major
storm, vacuum surface (once, twice, or more)
to ensure optimum design life performance

Maintenance checklist (specific to each project)
Model maintenance agreement
Monitor adjacent uses

8
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Inspection Checklist

Vacuum surface 1 to 2 times annually, adjust
for sediment loading

Replenish aggregate in PICP joints | As needed

Inspect vegetation surrounding Annually, repair/replant as
pavement perimeter for cover & needed
stability

Check drain outfalls for free flow | Annually and/or after a major
of water storm event




New Maintenance Document

A n ew O & M GUIDANCE DOCUMENT
- WESTERN WASHINGTON LOW IMPACT DEVELOPMENT
OC u m e n I S (LID) OPERATION AND MAINTENANCE (O&M)
available from
Prepared for
Washington State Department of Ecology
E CO I o Water Quality Program
HEEN

RRRRRRR

http://www.ecy.wa.gov/programs/wgq/stormwater/
municipal/LID/TRAINING/OperationsAndMaintenance
.html



Maintenance

(no water)

OK: Regenerative air
(broom) sweeper
(no water)

Vacuum essential as brush
bristles clean ~ % in. into surface

o Law raaes

IC:PIQ} ’-iwz:*‘num‘ L . STa




Restoration Maintenance




Other products available

Grid pavement systems

using concrete or other
materials







Rick Crooks
Mutual Materials Company

rcrooks@mutualmaterials.com
Direct line: (425) 452-2344



mailto:rcrooks@mutualmaterials.com
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oils make or break the system
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4 years later
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Durability and longevity
Lifetime performance

Short term and long term effects
Short term and long term benefits










Specs are not created equal

Check with your jurisdiction
Things change
Do not depend on old reference material



Always analyze specs

Design Guidelines for
Porous Asphalt with
Subsurface Infiltration

RIVERJACKS
OPEN INTO
RECHARGE BED

—

| .‘..\h . AT i =77 73

ot R ‘3’?;;.23;":" ‘”\g: POROUS ASPHALT PAVEMEN‘F

UNIFORMLY GRADED

UNCOMPACTED ?3’5\1 5L  STONE AGGREGATE
SUBGRADE IS »e (93 WITH

RITICAL FOR PROPER A %m 40% VOID SPACE
INFILTRATION FOR STORMWATER STORAGE |,

AND RECHARGE e ¢
,r_r\ 2

LINES THE
SUBSURFACE BED




Creativity goes a long way

Non-engineered projects

Using specs for similar size pavers, but use flagstones or
recycled concrete

Deep layer of pea gravel up to 10 inches or more, slows
walking, provides more exercise and reduces runoff —
terrible as a main walking area

Near steep areas or on heavy clay lots of organic
material with steps

Any size or shape when it comes to area can be utilized
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Material dependent

May need new tools, new skills, new training, new
certification

Concrete for sure all of the above

Asphalt new training, certification, skills and some new
tools

Pavers new skills, training, certification helps, no new
tools



THE VALUE OF LID

SPU’s Venema Project estimated LID at
$410K per block incl. 50 yr maintenance
vs $720K per block

traditional street design $425K per block
SEA street design $325K per block

traditional collector street S520K+ vs.
Cascade street $285K



THE VALUE OF LID

Aesthetics
Property sales
Attracting mission driven businesses

A cost saving



Redefining Beauty

move away from non-indigenous species
focus on what occurs in nature

consider what belongs in our environments
use less ornamentals

increase function

improve habitat quality



Business as usual...or not anymore?

Networking with other landscape professionals
Networking with engineers

Networking with suppliers

New territory; explore and reassess

For some solutions — open market; requires investment
Flexibility, creativity, ability to learn are key

FOR ME: this is who | am what | believe in so there is no
other way. | centered my business around this theme.
People only contact me if this is what they want.



