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Presenter
Presentation Notes
I’m going to be discussing a rainfall simulation experiment that I and my coauthor Dr. Chi-hua Huang conducted evaluating runoff and infiltration dynamics of pervious paver surfaces.  


USEPA Stormwater Phase Il
Post-Construction Runoff Control
Minimum Control Measure

BMPS Include:

4+ Non-structural
+ Planning / zoning around sensitive areas
4+ Site-based minimization of disturbance

+ Structural
+ Retention / detention
+ Infiltration
+ Vegetative
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The USEPA recognizes both structural and non-structural Best Management Practices for runoff control.  I’m going to be focusing on an infiltration measure.  While retention and detention measures are designed to temporarily store storm runoff and release this runoff slowly into receiving water bodies, infiltration measures, such as trenches, dry wells, and pervious pavement systems are designed to reduce the total amount of runoff by maintaining some level of infiltration and groundwater recharge.   


Pervious Pavement Types

+Porous concrete

+Grass pavers

+Gravel pavers

+Permeable interlocking concrete pavers
+Bricks

+Concrete grid pavers

+Recycled chipped tire surface...
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There are several types of pervious pavement, and their application depends on factors such as climate, vehicle use, and landscape characteristics.  Most previous research on infiltration in pervious pavement systems has focused on relatively “open” systems, where there are large open spaces between paver blocks.  


Causes of Decreased Infiltration
Rates In Pervious Paver Systems
Clogging by:

surfaces ™
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Proximity to

4+ Silt and Clay g © landscaping

+Organic matter

*OII and grease = :;“High tra1;f‘i
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+Wear of paver
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The longevity of these systems are in question because these systems are vulnerable to clogging by…


Previous-Research

+ Infiltration rates of permeable paver systems
may be significantly improved by performing
maintenance (ean etal. 2007)

+ In some cases, maintenance can return paver

system to original infiltration rate. @aades et al, 1995
+ Removal of top 15-25 mm and backfill with clean

Sand tO Or|g|nal grade (Gerrits and James, 2002)
— ¢ P 4 " j R SR
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Permeable Interlocking Concrete Pavers Single Ring Infiltrometer Test

*Used with Permission: Bean, E.Z., Hunt, W.F., and Bidelspach, D.A. (2007) Field survey of permeable pavement
surface infiltration rates. J. Irrigation and Drainage Engr. 133(3), 249-255.
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Previous research has focused on these systems in situ and it has been previously established that…  and this is an example of how infiltrometers have been used in these systems.  


Maintenance of Pervious Paver
Block Systems

Maintenance Methods
+Vacuum

+Vacuum Sweep
+Sweep

+ Powerwash

+ Powerwash with Suction
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Different maintenance methods have been studied.  By and large, any method that can remove that top 2 cm or so of material have been found to be effective.  However, it makes sense that methods that do not force fine particulates deeper into the paver profile would be preferable.  For this reason, powerwashing is somewhat controversial.  


ODbjectives

+ Evaluate changes in runoff and infiltration
rates from two paver block systems
recelving runon from an erodible surface
under repeated rainfall events.

+Determine the importance of infiltration In
paver blocks themselves vs infiltration In
the spaces between them.
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Our objectives were…


Example Pervious Paver Schematic

CONCRETE FAVER
2 318" (60 MM) MIN. THICKNESS

1" (25 MM) BEDDING SAND

COMFACTED AGGREGATE BASE
6" (150 MM) MIN. DEPTH

GEOTEXTILE AS REQUIRED
TURN UP AT SIDES TO COVER BASE

COMFACTED SUBGRADE

12" (300 MM) WIDE GEOTEXTILE ALONG PERIMETER
TURN UP AT CURE (DO NOT COVER TOF OF BASE)

Adapted from: Interlocking Concrete Pavement Institute
Residential Driveway
http://icpi.org
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A typical pervious paver system consists of several layers.  For example, this driveway schematic calls for 2.5 cm of bedding sand under the paver blocks, and a geotextile separating that sand from an underlying layer of coarser aggregate.  


Schematic of Experimental
Apparatus

4.0-5.5cm Paver

Silt loam
0,; = 18%
BD 1.2 g/cm3

7/~ ;3.0cm No. 4 Sand
\ Landscape Fabric
H.0cm No. 8 Gravel

Pervious Paver System
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Our paver system consisted of 3 cm of #4 sand under our paver blocks, a geotextile, and 11 cm of #8 gravel in a freely draining box.  Paver boxes were placed downslope from soil boxes.  Soil boxes were filled with a moderately well drained silt loam having…


Small Block (18.0 x 10.0 x 4.0 cm)
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Boxes measured 1 m by 60 cm by 20 cm deep.  2 different pavers were tested: a small block permeable paver and a large block impermeable paver.  


Ralnfall Simulation

+ 11 rainfall events
4+ 30 mm/hr for 60 min
+ 5-yr return period

+24-72 hrs between
events

+ Timed Samples
+ Surface Run-on
+ Surface Runoff
+ Deep Infiltration (20cm)
+ Rainfall Rate
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A programmable oscillating nozzle rainfall simulator was used with deionized water to generate 11 rainfall events.  Each event was 30 mm/hr for 60 min, representing a 5-yr return period storm.  There were 24-72 hrs between rainfall events.  The sum of the total rainfall from the 11 events was equal to the average annual rainfall.  Timed samples of run-on, runoff, and deep infiltration were taken, and rain gages were used to confirm rainfall intensity.  Run-on samples were obtained during a separate set of rainfall events performed on the soil boxes alone.  Runoff samples were collected at the end of the paver boxes, and deep infiltration was collected by a drainage system under the boxes.  Deep infiltration rates refer to the rate that water drained through holes in the bottom of the boxes.  


A Run-on Water Rate
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Steady state run-on rate was 25 mm/hr.  Therefore the total water input to the paver boxes was 55 mm/hr.  Steady state sediment run-on was 1.2 g/min.


Sedimentation of Paver Surface

Before Rain After Rain
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You can see from these pictures the pattern of sedimentation that occurred, especially in the areas between paver blocks.  


Steady State Deep Infiltration Rates
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Initially, deep infiltration rates were about 87% of the total water input.  Most of the rest was contributing to storage within the paver profile, and runoff rates were close to zero.  We see that steady state deep infiltration rates decayed logarithmically with successive rainfall events.  The permeable paver system initially infiltrated slightly more water than the impervious blocks, but we see from the confidence intervals that this difference was not significant.  By the 6th rainfall event, paver type seemed to play no role at all.  


Steady State Runoff Rates
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Similarly, runoff rates increased as a log function and no significant differences were observed between paver types.  


Paver Infiltration Tests

Mariotte Bottle

Constant Head 7.6 cm

— Plumber’s Putty 8 mm
§ - Single Paver

Collection Bottle


Presenter
Presentation Notes
We conducted further infiltration tests on individual paver blocks before rain and after 11 rainfall events.  Blocks were hand swept to simulate maintenance on the post rainfall pavers.  We used mariotte bottles to maintain 7.6 cm constant head.  Pavers were sealed into acrylic infiltrometer boxes and drainage was collected until steady state was reached.  


Paver Infiltration Tests

Permeable Block

. 145.5
“Before Rain”
Permeable Block
“After Rain and 1.4
Sweeping”
Impermeable Block

“Before Rain” <O'Ql.
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We found that we could only restore infiltration to about 1% of original on our pervious paver blocks.  This would indicate that restoration of infiltration reported in the literature was due to restoration of infiltration in the open spaces between paver blocks, and not on the paver blocks themselves.  


Conclusions

+ Measured deep Infiltration rates of pervious paver
block systems were shown to decrease from 87%
to 3% of total water input when receiving
precipitation and run-on from an erodible surface.

+ Maintenance may not be effective in restoring
Infiltration rates of individual paver blocks.

+ Infiltration Is most important in the open spaces
between paver blocks.

+ The benefit of using a permeable paver block
over using a more durable impermeable paver
block is questionable.

+ There may be implications to applicability of
porous concrete?
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In conclusion, 


Thank You

betsy.pappas@ars.usda.gov
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