Permeable Interlocking Concrete Pave  ment

Description

Permeable interlocking concrete
pavanent(PICP) onsiss of
manufactured concretmits that
reducestormwater runofolume

rate andollutants Theimpervious
unitsare designed with small
openings betweepermeablgoints.
The openings typically comprise 5%
to 15% of the paver surface area and |
are filed with highly permeable, ]
smaltlsized aggregate$he joints
allow stormwater to floventera
crushed stone aggregate beddager
and bas¢hat supports the pavers
while providing storage andunoff
treatmentPICPsare highlyattractive,
durable, ea$y repaired requirelow
maintenance, and can withstand
heavyvehicleloads Figure 1 shows
installed pavers in a Seattle
Washingtorresidential neighborhood.

Figure 1.PICPi n Seat t | e 6seighborgpdod Sgnificantly
reduce the total amount of impervious surface and runoff. Photo
courtesy of ICPI.

Applicability

PICP canbe used for municipatormwater managemeptograms and private develogntapplications.
Therunoff volumeandrate controlpluspollutant reductias allow municipalities to meeegulatory
water quality criteria. Municipahitiativess u ¢ h a s QGoeknAley pyogransusePICPto reduce
combined sewer overflonandminimize localized floodingoy infiltrating and treaing stormwater on
site. Private development projects UBECPto meet postonstruction stormwater quantity and quality
requirements. Public and private investmentBIli@Pcan potentially reduce additidrexpendituresand
land consumptioifor conventional collectionrconveyancand detention stormwater infrastructure.

PICP canreplace traditional impervious pavemeot most pedestrian and vehicuégplications except
high wolumehigh speed roadwayBICP has performed successflttypedestrian walkways, sidewalks,
driveways, parking lots, and lewolume roadwaysThe environmental benefifsom PICPallow it to be
incorporated into municipalrgen infrastructure programasd low impact development geiihes In
additionto providing stormwater volume and quality manageryiaiit colored pavers are cooler than
conventional asphalt and help to reduce urban temperatures and improve air Hualigxtured surface
of pavers also provides traffic calmingpile contribuing neighborhood identity and character.

PICP should not be confused with concrete grid pavements, i.e., concrete units with cells that typically
containtopsoil andgrass. These paving units can infiltrate water but at rates lowePt@&h Unlike

PICP, concrete grid pavements are generally not designed with axgraykenl, crushed stone base for
water storageMoreover, grids are for intermittently trafficked areas such as overflow parking areas and
emergency fire lanes.



Siting and Design Criteria

PICPshould be designed and sited to intercepmtain filter and infiltratestormwater on siteSeveral
designpossibilities can achieve these design aspE&cr example, PICPan be installed across an entire
street width or l|ng onstreet parking by the curb¥hepavementan also be installeéd combination
with impermeable pavemertts infiltrate runoff and initiate &reatment trainlnlets can be placed in the
PICPto accommodate overflows from extreme stor8sveral applicatiause PICRn parkinglot lanes
or parking stalls to treat runoff from adjacent impermepbleements and roof$his desigreconomizes
PICPinstallation costs while providing sufficient treatment area foruheff generatedrom impervious
surfaces. Thetormwatewolume to becaptured, stored, infiltrated or harvestidermins the PICPscale
required Figures 2 and 3Jllustrate somd’ICPdesign variations.

Figure 2. PICP is combined with bioretention to treat  Figure 3. A residential street in Portland, Oregon
runoff from this college campus parking lot in uses PICP to reduce combined sewer overflows.
EImhurst, lllinois. Photo courtesy of ICPI. Photo courtesy of ICPI.

Theconcrete pavensith permeable joint material comprigee surface layerfd®ICP. Paves are
typically 80 mm (3 1/8 in.) thick for vehicular areas. Pedestrian areas may use 60 mm (2 3/8 in.) thick
units. Additionalsubsurface components of thisatment practicare illustrated in Figure 4 andclude
the following(NCSU, 2008)
A Opengraded bedding coueThis permeable layer is typically 50 mm (2 in.) thick and provides
a level bedor the pavers. It consists of smailked opengraded aggregate usually ASTM No. 8
stone.
A Open gradeddsereservoiri An aggregate layer immedidyebeneath théedding layer. The base
is 75 to 100 mm thick and consists of crushed stones generally 20 mm down ta3&4immté
3/16 in.)such as ASTM No. 57 stonBesides storing water, thiggh infiltration ratelayer
provides a transition betweéme bedding and subbase layers.
A Opengraded subbase resendil he stone sizes are larger than the base, generally 65 mm down
to 20 mm (2%2 in. to % intypically ASTM No. 2, 3 or 4 stonéike the base layewater is
stored in the spaces among the ssofidie subbase layer thickness depends on water storage
requirements and traffic load& subbase layer may not be required in pedestrian or residential



driveway applications. In such instances, the base lajmerisasedo provide water storage and
support.

A Underdrain (optional) In instances where PICP is installed over-afiltration rate soils, an
underdrain facilitates water removal from the base and subbase. The underdrain is perforated pipe
that ties into an outlet structurgupplemental stage can be achieved by using a system of pipes
in the aggregate layers. The pipes are typically perforated and pemldd®nalstorage volume
beyondthe stone base.

A Geotextile (optional) This canbe used to smratethesutbase fromhe subgradegrevent the
migration ofsoil into theaggregatesubbase or base

A Subgradé The layer of soil immediately beneath the aggrebate or subbas&he infiltration
capacity of the subgrade determines how much water can exfiltrate from the aggregate into the
surrounding soilsThe subgrade soil is generally not compacted.
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Figure 4. PICP cross-section

Specific Design Considerations and Limitations

Theloadbearing and infiltration capai@s of the sulgradesoil, the infiltration capacity of the paver

suface, and the storage capacity of the stmse/subbasare the kewtormwateidesignparametersTo
compensate for tHewer structural support capacity of clay soils, additionabbaselepth is often

required. The increasettpth also provides additial storage volume to compensate for the lower
infiltration rateof the clay subgrade. Underdrains are often used when pavers are installed over clay. In
addition, an impermeable liner may be installed between the subbase and the subgrade to limit water
infiltration when clay soils have a high shrialvell potentiabr there is a high depth to bedrockG8U,

2008).

Measures should be taken to protetEPhigh sediment loads, particularly fine sediment. Appropriate
pretreatment BMPs for ruon to pavers idude filter strips and swales. Preventing sediment from
entering the base or permeable pavement during construction is critical. Runoff from disturbed areas
should be divertedway from thePICPuntil they are stabilized.

Several factors may limRICPuse.lIt is not appropriate fostormwater hotspotshere hazardous
materials are loaded, unloaded or stpoedvhere there is a potential for spills and fuel &gk For



slopes greater thd?¥s, terracing of theoil sulgradebasemay be likelyneeded ta@low runoff from
flowing through the pavement structure.

There are many PICP paver designs on the mafkeite mostpavers arédDA compliant,units with
large openings filled witlaggregate magot be appropriate fmomepaths or parkingreas used by
disabled personsjcycles, pedestrians with hidteels, and the elder{{sPU, 2009)Such areas can be
paved with solid interlocking concrete pavemedsee Figure 5).

Figure 5. Solid concrete pavers used with permeable ones at Stone Mountain Park near
Atlanta, Georgia. Courtesy of ICPI.

Maintenance
The mosiprevalent maintenanamncerris the potential clogging of thepenings and joints between the
paves. Fine particles that can clog the openings are deposited sartlage from ®hicles, tie
atmosphere, and runoff from adjacent land surfaCleggingwill increase with age and use; but while
more particlebecomeentrained in the pavemenirface, it doesnot become impermeablgtudiesof the
long termsurfacepermeability ofPICPand othe permeable pavemertiave found high infiltration rates
initially, a decrease, and then a leveling off with tiMéth initial infiltration rates of hundredsf
centimeters oinches per hour, theng term infiltration
capacity remains high even with giging. When clogged, | Key Siting and Maintenance Issues:
surfaceinfiltration rates usuallyvell exceed?5 mm or 1 2l nueit Msietll i ErEes Mrens e ens

. . . . materials are loaded, unloaded or stored.
inch per hoursufficient in most circumstances to Avoid high sediment loading areas.
effectively manage stormwatd?ermeability can be Divert runoff from disturbed areas until
increasedvith vacuum sweeping @n extreme stabilized.

circumstanceseplacing the ggregate between pavers.

Do not use sand for snow or ice treatment.
Periodic maintenance to remove fine

. . sediments from paver surface will optimize
In cold climates, sand should not be applied for snow of  permeability.

ice conditionsand snow plowing can proceed as with
other pavements. PICP has bésund to work well in cold climates as the rapid drainage o$tintace
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reducesthe occurence of freezing puddles and black ice. However, plowed snow piles should not be left
to melt over the pavgoints and openingas they can receivedh sedimentoncentratioathatcanclog

them more quickly. In additionall permeable pavemend® nottreat chlorides from road saffSPU,

2009)

Effectiveness

PICP is an onsite stormwater management practice that reduces the vahnmateof stormwater runoff
as well agpollutantconcentratios. PICPtransformsareas that wera source of stormwatéo a treatment
system andan effectivelyreduce oeliminate runoff that would have been generated faonmpervious
paved areaBecause it reduces the effective impervious area of a site, PICP should receive credit for
pervious cover in drainage systei@sign.The infiltration rate of the pavers and base generally exieed
design storm peak rainfall rateetbBubsoil infiltration ratand base storage capacity arefdators
determiring stormwaterdetention potentialTablel provides monitored redtions in stormwater
volumesvia storage and infiltratian

Table 1. Volume Retention of PICP

S . . . Volume

Application Location Soil Type Underdrain Retention
Residential street Auckland, New Zealand Clay Yes 60%
Driveway Cary, NC Clay Yes 66%
Field and laboratory Guelph, Ontario, Canada 90%
tests
Parking lot Swansboro, NC Sandy soil No 100%
Parking lot United Kingdom Impermeable Yes 34%-45%

liner installed

Parking lot Renton, WA No 100%
Parking lot Kingston, NC Clay No 99%

(Fassman and Blackbourn, 2006)(Bean, et al., 2005)(Pratt, 1999)(Booth and Leavitt, 1999)(Brattebo and
Booth, 2003)(Collins, et al., 2008)

PICP reduce pollutant concentrations through sevematessesl heaggregate filtes thestormwater and

slows it sufficientlyto allow sedimentation to occur. The girtbdesoils are also a major factor in

treatment. Sandy soils will infiltrate more stormwater but have less treatment capability. Clay soils have a
high cation exchange capacity and will capture more pollutants but wiiffatdiless. Also, studies have

found that in addition to beneficial treatment bacteria in the soils, beneficial bacteria growth has been
foundon established aggregate basesddition, PICP can process oil drippings from vehicledle 2

provides meagedpollutant removals frorRICPcompared to impervious surfaces

Table 2. Monitored Pollutant Removals of PICP

Application Location TSS Metals Nutrients
Cu: 67% TP: 34%
Driveways Jordan Cove, CT 67% Pb: 67% NOs-N: 67%
Zn: 71% NHs-N: 72%
. TP: 65%
0, - 0,
Parking lot Goldsboro, NC 71% Zn: 88% TN: 35%
. Cu: 79%
Parking lot Renton, WA -- Zn 83% -




Cu: 13% TP: 53%
Zn: 72% TKN:53%

(Bean, et al., 2004)(Clausen and Gilbert, 2006)(Van Seters/TRCA 2007)

Parking lot King College, ON 81%

PICP water quantity and polant reduction characteristissch as 80% TSS reductioan qualify it to

earn credits under green or sustainable building evaluations systems such as Leadership in Energy and
Environmental Desig(LEED®) and Green Globe€reditsalsocan be earned for wer conservation,

urban heat island reduction, and conservation of materials by utilizing some recycled materials and
regional manufacturing and resource use.

Cost
Severalfactors influence the overall costBICP.

A Material availabilityand transport The ease abbtainingconstruction materials and the tiraed
distance dér delivery
Site condition§ Accessibility by construction equipmestppeand existing buildings and uses
Subgradé Subgrade soils such as clay may result in additional baseiahassded for
structural support or added stormwater storage volume.
Stormwater management requireméniche level of control required fahevolume, rate or
guality of stormwater dischargwill impact the volume of treatment needed.
Project sizé Larger PICP areas tend to have lower per square meter or per square foot due to
construction #Hiciencies.Mechanized installation of the paving units shown in Figligeoften
used for larger projects thereby reducing construction time.
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Costs vary with $é activities and acce€B|CP depth, drainage, curbing and underdrains (if used), labor
rates, contractor expertise and competition. For vehicular applications over 1,500 square meters (15,000
square feet)costgenerally range from48to $36 per squareneter or & to $8 per square fodbr the

pavers, jointing and bedding materiddgse and subbase can vary in thickness and price depending on

the designFor guidance and planning purposeperienced PICP contractors should be contacted for

more precisdudget numbers or for specific project proposals.

Figure 6. PICP units can be installed any time of year using mechanized
methods. Photo courtesy of ICPI.



