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Pervious concrete* pavement parking lot at the Florida 
Concrete Products Association facility in Orlando, Florida
http://www.fcpa.org/p p g

Presentation ObjectivePresentation Objective
Provide additional information, training and 

f t i l t P f i l E ireference materials to Professional Engineers so 
they may successfully design storm water 

t t th t t th i li t’management systems that meet their client’s 
objectives, while protecting the interests of the 

bli
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public.



Pervious Pavement
Good design is important, but ---

Y h t l t it l b ild itYou have to locate it properly, build it 
right and you have to maintain it.right and you have to maintain it.

In-situ Infiltrometer  
monitormonitor

Flexi-Pave™ 
Installation *Installation *
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Past History – Pervious PavementPast History Pervious Pavement 

Fair / Poor in most cases due to: 
Design errors (poor soil conditions not taken into 

account, or placement of pervious pavement in high traffic volume / heavy , p p p g y
wheel load areas, or areas of frequent turning movements – regardless of 
wheel loads).

Construction problems (specialized 
construction crews were NOT utilized as recommended by the product 
manufacturer).

Improper maintenance (failure to prevent silts &Improper maintenance (failure to prevent silts & 
sands from plugging the pervious pavement void spaces). 
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Past design errors – Pervious Pavement 

N ki bNot taking sub-g
soil compactionsoil compaction 

into accountinto account
(see the next slide)
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LAND CLEARING, VEGEATION REMOVAL & INITIAL GRADING

80% compaction on first pass of equipment80% compaction on first pass of equipment
(excluding 

compactingcompacting 
equipment)

Initial image sources: Eric Livingston, FDEP – LID Introduction to the 09-15-08 TAC meeting 
for the proposed statewide storm water Rule.

Image Source: 
http://www.pbase.com/floridageologi
calsurvey/phosphate_mining&page=

all
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Recommendations 
P i P t– Pervious Pavement 

http://safety.cat.com/cda/files/861819/7/
140M.pdf

Rear Ripper / Scarifier

Parent soil - MAXIMUM

Maximum 
ripping depth = 

16.8 inches.

Parent soil - MAXIMUM 
compaction of 92% - 95% Modified 
Proctor density (ASTM D-1557) to a total 
depth of 24 - 36 * inches.

Redevelopment projects –
existing pavement section (including 
compacted base & stabilized sub-grade) 
to be removed Underlying soils to beto be removed. Underlying soils to be 
scarified to a minimum 24 - 36 * inch 
depth and re-graded / proof rolled to a 
MAXIMUM compaction of 92% - 95% 
Modified Proctor density (ASTM D 1557)Modified Proctor density (ASTM D-1557).

Heavy wheel loads – if 
proposed (not recommended), then 
alternate methods of pavement design* As a point of reference, the North Carolina DENR

Slide #7

alternate methods of pavement design 
must be utilized (i.e. structural / 
permeable  geo-fabrics above the parent 
soil).

 As a point of reference, the North Carolina DENR 
requires a vertical saturated hydraulic conductivity 
≥ 0.52 in/hr for the soil horizon below the base of 

the pavement system to a total depth of 36 inches.  



Past design errors – Pervious Pavement 

Locating perviousLocating pervious 
pavement in the p
wrong locationswrong locations

See the next eight (8) slides
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Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

Hopefully, 
this is an 

Class I Concrete Pavement

obvious 
place where 

perviousClass I Concrete Pavement pervious 
pavement 

should NOT

Pervious 
should NOT 

be used.

pavement
Slide #9



Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

This isThis is 
another 
obviousobvious 

place where 
pervious 

Pervious
pavement 

should NOT 
be usedPervious 

pavement
be used.

pavement
SR-563 at US 
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Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

Another 

Pervious Pervious 

obvious place 
where 

pervious

P i

pavement pavement
pervious 
pavement 

should NOT 
be used

Notice the 
structural failure 

Pervious 
pavement

be used.

where the S-1 
asphalt joins to 

the Class I 
concrete very

Class I 
Concrete S-1 concrete - very 

common with 
high traffic 

volumes 

Pavement S-1 
Asphalt

Slide #11

(regardless of 
wheel load).



Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

Class I 
Concrete 

Pervious
Notice the 

beginnings of 
Frequent turning movements

PavementPervious 
pavement

Pervious 
pavement

g g
structural 

failure where 
the S-1 asphalt 

joins to the 
Class I concrete 
- very common 

S 1 Asphalt
Pervious 
pavement

with high traffic 
volumes 

(regardless of 
h l l d)S-1 Asphalt wheel load).
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Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

Class I 
Concrete 

Pervious Pervious 
pavement

Pavement

pavement
p

Class I Concrete 
Pavement

Class I concrete pavement for a 
Pervious 
pavement

Slide #13

fast food restaurant “Drive 
Through” pick-up window.



Improper placement of pervious pavement in high traffic volume / heavy wheel

Locating pervious pavement in the wrong location
Improper placement of pervious pavement in high traffic volume / heavy wheel 

load areas, or areas of frequent turning movements (regardless of wheel loads).

Notice the 
structural 

failure where 
the S-1 asphalt 

joins to the 
Class I 

concrete - very 
common with 

Class I 
Concrete 

Pervious 
pavement

high traffic 
volumes 

(regardless of 
h l l d)

Pavement

wheel load).

Pervious 
t

Slide #14

pavement



Locating pervious pavement in the wrong location

High Rise 
Office 

Buildingg

Slide #15

Modular Concrete Pavers
(be careful about Federal ADA requirements)



Locating pervious pavement in the wrong location

Notice the Class I 
concrete pavement in p

this area.

M d l CModular Concrete 
Pavers

(be careful about Federal 
ADA i t )

Slide #16

ADA requirements)



Recommendations 

Heavy wheel loads – signage should be posted to

Pervious Pavement should NOT be located in areas of: 

Heavy wheel loads signage should be posted to 
inform users of this limitation.

Frequent turning movements – regardless of 
wheel loads.

Heavy traffic volumes – (greater than 100 vehicles 
d * ) dl f h l l da day * ), regardless of wheel loads

Modular Concrete Pavers – for expected use by 
the physically challenged, or people wearing high heeled shoes.

Modular* Current North

Slide #17

Modular 
Concrete Pavers

Current North 
Carolina DENR 
requirement. 



Recent Improvements - Pervious Pavement

Much better due to: 
Improved Products
Better construction supervision (using specialized 

construction crews that are trained / certified by the product 
manufacturer).

Better designs and maintenance procedures g p
(through information / training sessions such as these, plus more 
University Research (i.e. the UCF Stormwater Management Academy) 

Slide #18



“Generic” Cross Section *
“Schmutzdecke”

* Recommended cross sections to 
be shown later in this presentation.

German word for dirty layer

Pervious pavement
C b

Reservoir Layer and / or 
P t S il

Curb

Parent Soil

Seasonal High Ground Water Table (SHGWT)

Slide #19Pervious Pavement Done Right



Typical Pervious Pavement Section
NOT recommended has to potential to “hide”NOT recommended – has to potential to “hide” 

system failures. The recommended replacement will be 
discussed later in this presentation.

The recommended 
replacement will be 

discussed later in thisdiscussed later in this 
presentation.

Source: Storm Water Technology Fact Sheet – Porous

Slide #20

Source: Storm Water Technology Fact Sheet – Porous 
Pavement, EPA 832-F-99-023, September, 1999

http://yosemite.epa.gov/water/owrccatalog.nsf/9da204a4b4406ef885256ae0007a79c7/e60fc08b01f9edc385256
d83004fd8ed!OpenDocument 



Typical Pervious Pavement Installation

S f G hi G i St W t M t

Slide #21http://www.georgiastormwater.com/

Source of Graphic: Georgia Storm Water Management 
Manual, Section 3.3.7 – Porous Concrete



Additional Pervious Pavement System Installations

Source of Graphics: Urban Small 
Sites Best Management PracticeSites Best Management Practice 
Manual – Turf Pavers, from the 
Minnesota Urban Small Sites 

BMP M l
http://www.metrocouncil.org/environment/Watershed/

bmp/manual.htm

BMP Manual

(be careful about 

Slide #22

Federal ADA 
requirements)



North Carolina DENR and NC State 
University publicationsUniversity publications 

N th C li DENR bli ti il bl tNorth Carolina DENR publications available at:
http://h2o.enr.state.nc.us/su/bmp_forms.htm 
http://h2o.enr.state.nc.us/su/bmp links.htmp p_

NC State University publications available at:NC State University publications available at:
http://www.bae.ncsu.edu/info/permeable-pavement/

http://www.bae.ncsu.edu/stormwater/pubs.htm
htt // b d / t t /d l d ht
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http://www.bae.ncsu.edu/stormwater/downloads.htm



UCF Research Publications 
on pervious pavementon pervious pavement

“Compressive Strength of Pervious Concrete Pavements 
– Final Report”, dated January, 2007

“Construction and Maintenance Assessment of Pervious 
Concrete Pavements - Final Draft”, dated January, 2007

“Hydraulic Performance Assessment of Pervious Concrete
Pavements for Stormwater Management Credit

- Final Report”, dated January, 2007

Slide #24

UCF research publications available at: 
http://stormwater.ucf.edu/research_publications.asp



How & why pervious y
pavement will be important 
in the proposed statewide 
storm water Rule 62-347

S 11 4 f 03/0 /08 S QSection 11.4 of FDEP’s 03/05/08 Stormwater Quality Applicant’s Handbook, available at:
http://www.dep.state.fl.us/water/wetlands/erp/rules/stormwater/rule_docs.htm

The carrot & 
ti kstick 

approach
Slide #25

approach.



Advantages of a “pervious pavement” design:
One of the alternate Low Intensity Development (LID)One of the alternate Low Intensity Development (LID) 

“treatment train” methods to provide additional water quality 
retention volumes up-gradient of a wet detention pond.retention volumes up gradient of a wet detention pond.

On small projects, can be used to retain the entire required 
water quality retention volume (additional construction costs 
$$$ may be incurred for this option).

If additional $$$ are invested, can be used to reduce storm 
water runoff discharge rates (i.e. lower Curve Number orwater runoff discharge rates (i.e. lower Curve Number or 
Rational “C” coefficient).

An good LID choice for walkways, bike paths, pool / patio 
decks, etc. 

Slide #26

Can maximize land use and profit.



More costly when compared to traditional asphalt & concrete

Disadvantages of a “pervious pavement” design:
More costly when compared to traditional asphalt & concrete 

pavements.
Difficult to build properly (specialized construction crews required).p p y ( p q )
Requires more frequent maintenance (sweeping & vacuuming of silts 

& sands to avoid plugging of pervious pavement void spaces).
Limited to “light duty” usages (structural failures are more common 

with heavy wheel loads, or where lighter traffic makes frequent turning 
movements).movements).

Off-site sediment input must be minimized or eliminated.
Detention storage (for flood control) is more costly $$$.Detention storage (for flood control) is more costly $$$.
Unless additional $$$ are invested, pervious pavement is typically 

restricted to the same soil conditions as a “dry” pond design.
- i.e. deep Seasonal High Ground Water Table (SHGWT)
and confining unit (clay / hardpan) depths.
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Potential LID “treatment train” 
options to provide additional

water quality retention 
l di t f tvolumes up-gradient of a wet 

detention ponddetention pond.
S th t (7) lidSee the next seven (7) slides
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Missed Opportunity

Angled Parking lot for cars & light trucksAngled Parking lot for cars & light trucks
- ideal location for pervious pavement

Slide #29



Taking a Advantage of a LID Practice
Pervious pavement 

parking lot & driveway

Standard Class I concrete 
driveway entrance for frequent 

vehicle turning movements

*

http://www.fcpa.org/

Pervious concrete* pavement parking lot at the Florida Concrete Products Association 
facility in Orlando, Florida

Slide #30

g

Parking lot for cars & light trucks



Potential** (Future) Opportunity

** If heavy 
wheel loads 

(or heavy 
S-1 

Asphalt

( y
traffic 

volumes) are 
Class I 

Concrete

)
expected, then 

pervious Concrete 
Pavement **

pavement is 
NOT a viable 

Access Ramp Parking Lot
option.

Access Ramp Parking Lot
Slide #31

- Potential ** location for pervious pavement



Potential** (Future) Opportunity

S-1 Asphalt
** If heavy wheel 

loads (or heavy 
traffic volumes) areClass I 

Concrete

traffic volumes) are 
expected, then 

pervious pavement 

Class I Concrete 
Pavement **

Type “F” 
Curb & 

is NOT a viable 
option.

Pavement 
Gutter

Access Ramp Parking LotAccess Ramp Parking Lot
- Potential ** location for pervious pavement, pervious 

sidewalk and pervious curb & gutter * Slide #32

http://www.kbius.com



Potential (Future) Opportunity
Traditional 

Brick Pavers

Traditional Brick 
Pavers

Brick Pavers

Streetscape 
Project in 
Downtown 
LakelandLakeland Streetscape Project in 

Downtown Lakeland

C t UCF h i

Pervious Brick 

Current UCF research is 
showing that these pervious 

brick pavers are working well in 

Pervious Brick Pavers at the 
UCF Engineering Field Lab

04/16/08

Streetscape Projects
Pavers at the 

UCF Engineering 
Field Lab – 04/

terms of load bearing and 
infiltration.04/16/08

Streetscape Projects
- ideal location for pervious brick pavers
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Taking a Advantage of a LID Practice

Pedestrian walksFlexi™-Pave * is available in 
many colors Pedestrian walks 

& Bicycle Trails
many colors 

http://www.kbius.com

- ideal locations for pervious 
pavement

Slide #34



Taking a Advantage of a LID Practice

Flexi™-Pave * Sidewalk 
Installation

http://www.kbius.com
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The Basics ofThe Basics of 
Retention 

System DesignsSystem Designs

Slide #36



Typical Retention System Designs

“Dry” storm water pond Underground Exfiltration Trench

“Dry” Swale with check“Dry” Swale with check 
dams

“Save the
Pervious 

Slide #37

Save the 
Swales” 

brochure from 
FDEP http://www.dep.state.fl.us/water/nonpoint/pubs.htm#Urban

_Stormwater_BMP_Research_Reports

Pavement
Storm water Best Management Practice Design Guide, Volume 2, 

Vegetative Bio-filters
http://www.epa.gov/ORD/NRMRL/pubs/600r04121/600r04121.htm



Four critical components for the successful DESIGNFour critical components for the successful DESIGN
of a surface water management system

ACCURATE Topographic Survey
ACCURATE Soils data (SHGWT, Kv, & Kh)CCU So s data (S G , , & )
ACCURATE Tailwater Information (Stage / 
Time data in receiving water body)Time data in receiving water body)
ACCURATE identification of Hydric soils 

d tl d
Slide #38

and wetlands



The majority of storm water management 
t DESIGN FAILURES d tsystem DESIGN FAILURES are due to:

I l ti t d S l Hi hImproperly estimated Seasonal High 
Ground Water Table (SHGWT) depths( ) p

Improperly estimated Tail WaterImproperly estimated Tail Water 
elevations

Slide #39



First things First
Obtain ACCURATE Soils data

g
Obtain ACCURATE Soils data
The “Tail that wags the Dog” in regard to designing retention systems.

SHGWT & fi i it d th d h i t l & ti lSHGWT & confining unit depths, and horizontal & vertical 
hydraulic conductivity (Kv & Kh) rates at the correct depths.

Slide #40



Annual SWFWMD soils & SHGWT workshop

A cooperative training effort with the Federal 
Natural Resources Conservation Service (NRCS)

Proper identification of soils and estimation of Seasonal High Ground Water Table 
(SHGWT) depths are important tasks in the design of functional surface water 

management systems. Persons involved in geotechnical investigation and design 
of surface water management systems are invited to attend these workshops.

Web soil survey information is available at: 
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx

Legacy (hard copy) soil surveys available at:

http://soils.usda.gov/survey/printed_surveys/

Slide #41

Since 1989, each workshop has covered the determination of SHGWT elevations 
in natural, pre-developed conditions.



2009 SWFWMD soils workshop
On-line registration for the 2009 workshops can be accessed through the 

following URL:
htt // f d t t fl / l d / f /http://www.swfwmd.state.fl.us/calendar/conferences/

To be placed on our mailing 
list for next year’s (2010) 

workshops, please contact 
the Strategic Program 

Offi R R l tiOffice, Resource Regulation 
Division, at the District’s 

Brooksville headquarters.
The telephone numbers are:The telephone numbers are:

800-423-1476, x4336 
(Florida Only)( y)

352-796-7211, x4336 
(Local)

SunCom 628-4336

Slide #42

SunCom 628 4336



Additional source of information in 
ti ti d th t th SHGWTestimating depths to the SHGWT

The above paper is available at:The above paper is available at:   
http://www.devoeng.com/memos/paper_on_estimating_SHWT.pdf

The above referenced paper is courtesy of Devo Seereeram P E Ph D

Slide #43

The above referenced paper is courtesy of Devo Seereeram, P.E., Ph.D. 
– used with permission

Devo Engineering - Orlando, Florida
http://devoeng.com/



Mounding (recovery) analysis of 
the required retention volume

A significant 
percentage ofpercentage of 
engineering 
lt t tili thconsultants utilize the 

PONDS© *, Modret© *,PONDS , Modret , 
or ICPR© * software 

packages to perform
Refer to Chapters 4 & 5 

of this publication

packages to perform 
this analysis. 

Slide #44

of this publication y



Mounding (recovery) analysis of the required retention volume

“Dry” ponds 
& swales, 

underground 
exfiltration 

trenches andtrenches and 
pervious 
pavementpavement

Graphic courtesy of Devo Seereeram P E Ph D

Slide #45

Graphic courtesy of Devo Seereeram, P.E., Ph.D. 
– used with permission

Devo Engineering - Orlando, Florida
http://devoeng.com/



Mounding (recovery) analysis of the required retention volume

“Dry” ponds 
& swales, 

underground 
exfiltration 

trenches andtrenches and 
pervious 
pavementpavement

Graphic courtesy of Devo Seereeram P E Ph D

Slide #46

Graphic courtesy of Devo Seereeram, P.E., Ph.D. 
– used with permission

Devo Engineering - Orlando, Florida
http://devoeng.com/



The issue of placingThe issue of placing 
pervious pavementpervious pavement 

t HSGsystems over HSG 
“B/D” soils. 

For both storm water QUALITYFor both storm water QUALITY 
and QUANTITY computations

Slide #47

and QUANTITY computations.



Generalized location map of Spodosols
(i e Pine Flatwoods)(i.e. Pine Flatwoods)

Not for site specific use.  Refer to the County Soil Surveys for more detailed information.

Most of the “good” 
land in central and 
south Florida hassouth Florida has 

already been 
developed. What is left 

i tl d fl d

8.4±
is wetlands, flood 
plains and Pine 

Flatwoods soils - with 
Million 
Acres

a SHGWT depth of 0” 
to 12” Below Land 
Surface (B.L.S.).( )

Slide #48



Pomona soil, HSG = B/D
SHGWT depth 0 inches - 12 inches Below Land Surface (B.L.S.)

Moving farther down g
gradient in regard to 
landscape position.

R f t th f t i l h d t f f th SWFWMD

Typical pine flatwoods soil. 
Pomona is a poorly drained

Refer to the reference material handouts for a copy of the SWFWMD 
Training Memorandum entitled “USDA- NRCS Hydrologic Soil Groups 
and Development Effects”. For the vast majority of cases, a B/D soil 

should be considered as a HSG = D.

Slide #49

soil, with a SHGWT  elevation 
at (or near) the surface.



Immokalee sand, HSG = B/D
SHGWT depth 0 inches - 12 inches B.L.S.

Color soil profile

Notice that all of the 
roots are concentrated A

at the surface.

“Gre ” colors

A

“Grey” colors 
indicate wetness.

E

Spodic Bh
A   horizon:  Surface layer containing organic matter.
E   horizon:  Leached horizon between the A and B horizons.
B   horizon:  Zone of accumulation of material leached from the A and B horizons.
C horizon: Layer not affected by soil forming processes

horizon
C   horizon:  Layer not affected by soil forming processes.
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Special Definition of Soils With Variable 
HSG Classifications (i e A/D B/D etc )HSG Classifications (i.e. A/D, B/D, etc.)

Some soils are listed in the NRCS Soil 
Surveys as being in more than oneSurveys as being in more than one 

HSG. Such soils (indicated as A/D or 
B/D) are in HSG D in their natural (pre-
d l d) diti b f hi hdeveloped) condition because of high 

water table conditions that create 
drainage impedance.  If these soils 

can be effectively drained (and 
properly maintained) they may be 

reclassified in a different HSG.  For 
instance, an Ona soil is classified as 

HSG B/D.  This indicates that 
effectively drained (and maintained)

District Training Memorandum
effectively drained (and maintained) 
Ona soil can be reclassified as high 
as HSG B, but it can not be HSG A.

Refer to the next two slides for a copy of the SWFWMD 
T i i M d titl d “USDA NRCS H d l i

Slide #51

Training Memorandum entitled “USDA- NRCS Hydrologic 
Soil Groups and Development Effects”. For the vast 

majority of cases, a B/D soil should be considered as a 
HSG = D.



Special Definition of Soils With Variable HSG Classifications (i.e. A/D, B/D, etc.)
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Special Definition of Soils With Variable HSG Classifications (i.e. A/D, B/D, etc.)
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District Training Memorandum on B/D soils

I ti HGS “A” il HSG “B/D” ilImporting HGS “A” soils over HSG “B/D” soils
to provide additional clearance from the proposed finished grades to 

th hi t i l SHGWT l tithe historical SHGWT elevations.

District

B/D soils

District 
Training 

Memorandum

Slide #54



Fluctuation of the SHGWT in 
HSG “B/D” Soils 

W t T bl Fl t ti i R t tiWater Table Fluctuation in Representative 
Immokalee and Zolfo Soils of Florida 

by Adam G. Hyde and Richard D. Ford (former or current 
NRCS Soil scientists). This is an excellent paper detailing the 

fluctuation of the SHGWT in Florida Pine Flatwoods soilsfluctuation of the SHGWT in Florida Pine Flatwoods soils 
from 1977 to 1986.

Available on line at:Available on line at:
http://soil.scijournals.org/cgi/content/abstract/53/5/1475

Z lfl h t l d i d il HSG “C”Zolflo are somewhat poorly drained soils, HSG = “C” 
with a SHGWT depth of 24”- 42” B.L.S.
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Immokalee are poorly drained soils, HSG = “B/D” 
with a SHGWT depth of 0”- 12” B.L.S.



Fluctuation of the SHGWT in HSG “B/D” Soils 

12” B L S12” B.L.S.
24” B.L.S.

HSG = “C” with a SHGWT 24”- 42” B.L.S.
HSG = “B/D” with a SHGWT 0”- 12” B.L.S.
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Shallow Monitoring Well,g ,
Embedded Ring InfiltrometerEmbedded Ring Infiltrometer 

Kit (ERIK),( ),
Potential Pervious PavementPotential Pervious Pavement 

Cross SectionsCross Sections
and Recommendationsand Recommendations
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Shallow monitoring well (for groundwater levels) at 
the edge of the pervious pavement test sitesg p p

The 
concrete 
block is 
used to 

cover (andcover (and 
protect) the 

PVC well 
casing

Slide #58

casing.



AutoCAD® drawing of the Monitoring Well

I t thi d iInsert this drawing 
(when available) from 

Erik Stuart (UCF)( )

Slide #59
http://stormwater.ucf.edu/



A i l i ERIK

Embedded Rings in the pervious pavement
A single ring ERIK 

infiltrometer is acceptable 
provided that is embeddedprovided that is embedded 

into the subsoil as shown in 
Figure 42 (see the next slide 

For more information on this in-

for additional information).

For more information on this in-
situ infiltration monitor (ERIK), 

refer to the UCF  research paper 
entitled “Construction andentitled “Construction and 

Maintenance Assessment of 
Pervious Concrete Pavements -

Fi l D f ” d d J 200Final Draft”, dated January, 2007, 
available at: 

http://stormwater.ucf.edu/research

Slide #60

_publications.asp



Embedded (ERIK) infiltrometer in the pervious pavement

http://stormwater.ucf.edu/

AutoCAD® drawing of 
the ERIK infiltrometer, 

Slide #61

by Erik Stuart (UCF)



Embedded Ring Infiltrometer Kit (ERIK)

See the next slide for 
the results of this test 

on 09/25/08.

Slide #62http://stormwater.ucf.edu/



Results from an ERIK device test

09/25/08 test date.

Slide #63
http://stormwater.ucf.edu/



Additional Embedded Ring Infiltrometer Kits (ERIKs)

htt // t t f d /

Slide #64

http://stormwater.ucf.edu/



AutoCAD® drawing of the ERIK infiltrometer

I t thi d iInsert this drawing 
(when available) from 

Erik Stuart (UCF)( )

Slide #65
http://stormwater.ucf.edu/
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“Typical” curb machines*

http://www.edgemaster.net/extrusion.html http://www.millerspreader.com/1050Main.html

To save $$$, many site contractors prefer to 
tili t di b hi i li f h d

Slide #67

utilize extruding curb machines in lieu of hand 
forming & placement.
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FDOT design standards (index drawings), available at:
http://www.dot.state.fl.us/rddesign/rd/RTDS/08/2008Standards.htm



at
:

ponding

va
ila

bl
e 

a
nd

ar
ds

.h
tm

ar
ity

.
w

in
gs

), 
av

/0
8/

20
08

St
an

n 
fo

r c
la

nd
ex

 d
ra

w
ig

n/
rd

/R
TD

S

T 
sh

ow
n

nd
ar

ds
 (i

n
e.

fl.
us

/rd
de

si

ic
e 

N
O

T
es

ig
n 

st
an

w
w

.d
ot

.s
ta

te

R
IK

 d
ev

i
FD

O
T 

de
ht

tp
://

w
w

ER

Slide #69



“Flush” Non – Standard Rectangular Curbs 
along the edges of the portland cement * pervious pavement sections at 

the UCF Engineering Field Lab

Hand forming & placement 
of perimeter curbing.

Photography provided by Dr. Manoj Chopra, P.E. from the 
UCF Storm Water Management Academy

A t d i lid it t t

Slide #70
http://stormwater.ucf.edu/

As noted on a previous slide, many site contractors 
prefer to utilize extruding curb machines in lieu of 

hand forming & placement (to save $$$).



“Flush” Non – Standard Rectangular Curbs 
Flexi-Pave® * pervious pavement section at the UCF Engineering Field Lab

N t th UCF tNote: the UCF perv. pvmt. 
sections have no slopes.

http://stormwater.ucf.edu/

“Nuisance”Nuisance  
ponding area

2” maximum depth to address

Slope to the center of the parking

2  maximum depth to address 
public safety concerns. 

Slope to the center of the parking 
area to allow “nuisance” ponding. 

Slide #71

(see the next slide for a potential cross section sketch)



at
:

ponding

va
ila

bl
e 

a
nd

ar
ds

.h
tm

w
in

gs
), 

av
/0

8/
20

08
St

an
nd

ex
 d

ra
w

ig
n/

rd
/R

TD
S

nd
ar

ds
 (i

n
e.

fl.
us

/rd
de

si
es

ig
n 

st
an

w
w

.d
ot

.s
ta

te
FD

O
T 

de
ht

tp
://

w
w

Slide #72



Recommendations – pervious pedestrian walks & 
bicycle paths y p

For water quality credit on HSG = “B/D” soils (SHGWT depth of 0” to 
12” b l th b tt f th i t t ) 80% ( dit) f12” below the bottom of the pervious pavement system):   80% (credit) of 
the pervious pedestrian walk & bike path areas can be subtracted from 
the total contributing area when computing the storm water treatment 
volume. 

For water quality credit on HSG = “A”, “B” or “C” soils (SHGWT depth 
f t th 24” b l th b tt f th i t t )of greater than 24” below the bottom of the pervious pavement system):  

100% (credit) of the pervious pedestrian walk & bike path areas can be 
subtracted from the total contributing area when computing the storm 
water treatment volume. 

Perimeter curbs will NOT be required for pervious walks & bike paths.

Slide #73

Unless there are public safety concerns, slopes should not be an issue 
for pervious pedestrian walks & bike paths.



Proposed Requirements – pervious pavement 
parking lots and access drivesparking lots and access drives 

Consider these types of applications as dryConsider these types of applications as dry 
“retention systems” for up – gradient treatment 
train credit. Pervious Pavement 

For water quantity credit (Curve Number 
(CN) or Rational “C” coefficient computations) 
th SHGWT h ll b t th t 24” b l th

“Design Aid”

the SHGWT shall be greater that 24” below the 
bottom of the pervious pavement system).

A mounding analysis will be required to 
demonstrate that the Required Treatment 
Volume (RTV) shall recover (to the bottom of 

Thi “D i Aid”
( ) (

the pervious pavement system) within seventy 
two (72) hours, with a safety factor of two (2.0) 

This “Design Aid” 
will be discussed 

later in this 
t ti

Slide #74

presentation.



The Basics ofThe Basics of 
PerviousPervious 
P tPavement 

ConstructionConstruction
Slide #75



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

Forming
Ph t h id d b D T P E t th Fl id

Forming
Slide #76

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

Placement & Screeding
Ph t h id d b D T P E t th Fl id

g

Slide #77

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

S di & R lliScreeding & Rolling
Ph t h id d b D T P E t th Fl id

Slide #78

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

Screeding & RollingCross Rolling

Ph t h id d b D T P E t th Fl id

Slide #79

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

Scoring & Curing
Ph t h id d b D T P E t th Fl id

Scoring & Curing
Slide #80

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Pervious concrete* parking lot installation at the Florida Concrete Products 
Association (FCPA) facility in Orlando, Florida

Curing
Ph t h id d b D T P E t th Fl id

Curing
Slide #81

Photography provided by Deep Tu, P.E. at the Florida 
Concrete Products Association

http://www.fcpa.org/



Florida Concrete* Products Association facility in Orlando, Florida
http://www.fcpa.org/

Pervious pavement parking lot & driveway

Finished Installation
Slide #82



Florida Concrete* Products Association facility in Orlando, Florida
http://www.fcpa.org/

Pervious pavement 
parking lot & driveway

Standard Asphalt 
Entrance 
Roadway

Standard Class I concrete driveway 
Standard Class I 

concrete driveway 
entrance for frequent 

vehicle turning 
movements

entrance for frequent vehicle turning 
movements

Finished Installation
Slide #83



UCF Engineering Field Lab visit 11-09-07
Standard 

Class I 
concreteconcrete 
pavement       

- driveway entrance 
with frequentwith frequent 

vehicle turning 
movements

*

Flexi™-Pave *Flexi Pave  
Pervious 
Pavement

Fl i™ P * I t ll ti D t ti t

*

Slide #84

Flexi™-Pave * Installation Demonstration at 
UCF Engineering Field lab site.



UCF Engineering Field Lab visit 11-09-07
Flexi®-Pave Installation 

Demonstration at UCF Engineering 
Field lab site.*

In-situ Gravel Reservoir 
below the

Infiltrometer  
monitor

below the 
Flexi™-Pave * 

system.y

For information on this in situ infiltration monitor refer to the UCF research

Slide #85

For information on this in-situ infiltration monitor, refer to the UCF  research 
paper entitled “Construction and Maintenance Assessment of Pervious 
Concrete Pavements - Final Draft, dated January, 2007 “, available at: 

http://stormwater.ucf.edu/research_publications.asp



UCF Engineering Field Lab visit 11-09-07

Installation 
contractors of 

Flexi™-Pave * mustFlexi Pave  must 
be certified by the 

manufacturer 
(K B Industries Inc )(K.B. Industries, Inc.).

*

www.kbius.com

Raw materials 
stockpile.

Fl i™ P * I t ll ti D t ti t

Slide #86

Flexi™-Pave * Installation Demonstration at 
UCF Engineering Field lab site.



UCF Engineering Field Lab visit 11-09-07

Installation 
contractors of 

Flexi™-Pave *mustFlexi Pave must 
be certified by the 

manufacturer 
(K B Industries Inc )(K.B. Industries, Inc.).

*

Mixer

www.kbius.com

Mixer 
operation 

for the raw

Fl i™ P * I t ll ti D t ti t

for the raw 
materials.

Slide #87

Flexi™-Pave * Installation Demonstration at 
UCF Engineering Field lab site.



UCF Engineering Field Lab visit 11-09-07

Installation 
contractors of 

Flexi™-Pave * mustFlexi Pave  must 
be certified by the 

manufacturer 
(K B Industries Inc )(K.B. Industries, Inc.).

*

www.kbius.com

In-situ Infiltrometer  
monitor

Fl i™ P * I t ll ti D t ti t

Slide #88

Flexi™-Pave * Installation Demonstration at 
UCF Engineering Field lab site.



UCF Engineering Field Lab visit 11-09-07

Installation 
contractors of 

Flexi™-Pave * mustFlexi Pave  must 
be certified by the 

manufacturer 
(K B Industries Inc )(K.B. Industries, Inc.).

*

In-situ Infiltrometer  
monitor

www.kbius.com

Fl i™ P * I t ll ti D t ti t

Slide #89

Flexi™-Pave * Installation Demonstration at 
UCF Engineering Field lab site.



UCF Engineering Field Lab visit 11-09-07

Installation 
contractors of 

Flexi™-Pave must
In-situ Infiltrometer  

monitor

Flexi Pave must 
be certified by the 

manufacturer 
(K B Industries Inc )(K.B. Industries, Inc.).

*

www.kbius.com

Fl i™ P *I t ll ti D t ti t

Slide #90

Flexi™-Pave *Installation Demonstration at 
UCF Engineering Field lab site.



Additional Pervious Pavement System Installations

*

Photography provided by 
K.B. Industries, Inc. *K.B. Industries, Inc. 

http://www.kbius.com
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Current & OngoingCurrent & Ongoing 
Pervious PavementPervious Pavement 

R hResearch
t th UCF St t M t A dat the UCF Stormwater Management Academy. 

Slide #92http://stormwater.ucf.edu/



Location - Stormwater Academy 
Research Laboratory at UCFResearch Laboratory at UCF, 

adjacent to the erosion & Sediment Control Lab and Rainfall Simulator

Flexi-pave™ *
Pervious 

Concrete *
Pervious 
Pavers *

Porous 
Asphalt *

Slide #93
UCF Rainfall Simulator

http://stormwater.ucf.edu/



Types of Pervious Pavements *

Type Area (sf)

Pervious Concrete 1500e v ous Co c e e

Flexipave 1500Flexipave 1500

P i P 660 600Pervious Pavers 660, 600

Porous Asphalt 1500

Slide #94



P iPervious 
PavementPavement 

InstallationsInstallations

Slide #95http://stormwater.ucf.edu/



Pervious Concrete * Design Section
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Pervious Concrete * Pavement

Slide #97



Pervious Concrete* Pavement

Slide #98



Infiltration Rate of Pervious Concrete Pavement
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Flexipave™ *Flexipave  

Slide #100



Flexipave™ * Design Section
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Flexipave™ *Flexipave  

Slide #102



Flexipave™ *Flexipave  

Slide #103



Flexipave™ *Flexipave  
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Pervious Brick Pavers *

Slide #105



Pervious Pavers * Design Section
ith St R iwith Stone Reservoir
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Pervious Pavers * Design Section
without Stone Reservoir
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Pervious Brick Pavers *

Slide #108



Pervious Brick Pavers *
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Water Quality Sampling

Slide #110



Porous Asphalt * Pavement

Slide #111



Porous Asphalt * Design Section

Slide #112



Porous Asphalt * Pavement

Slide #113



Porous Asphalt * Pavement
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L d T tiLoad Testing g
for Structuralfor Structural 

FailureFailure 

Slide #115http://stormwater.ucf.edu/



Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Load Testing for Structural Failure 

http://stormwater.ucf.edu/

Slide #118
Turning movements under heavy wheel loads



Load Testing for Structural Failure 
T i t dTurning movements under 

heavy wheel loads

http://stormwater.ucf.edu/

Notice the premature structural failure of 

Slide #119

p
the pervious pavement surface



Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Premature structural failure of the pervious pavement surface



Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Premature structural failure of the pervious pavement surface



Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Structural failure of the pervious pavement surface



Load Testing for Structural Failure 

http://stormwater.ucf.edu/
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Premature structural failure of the pervious pavement surface



Sediment Clogging &Sediment Clogging & 
R j ti St diRejuvenation Studies 

with sandy soilsy

Slide #124http://stormwater.ucf.edu/



Rejuvenation Studies
• Sediment (sandy soil) was spread (1-2 inch of 

l d d d) t f th tpoorly graded sand) on top of the pavement 
surface

• Wet and compacted with Bobcat
• Conducted vacuum sweeping using Elgin MV p g g g

Truck – 3-4 passes with some overlap
• Rate of sweeping under 2-4 mph (with 1”Rate of sweeping under 2 4 mph (with 1  

sediment) and under 5-7 mph for light sweep
• Followed by a second sweep over the entire area• Followed by a second sweep over the entire area 
• Measure infiltration rates pre and post-cleaning
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Rejuvenation Studies - Wet
• Some of the studies were conducted on saturated 

t f (PCRS)pavement surfaces (PCRS)
• Surface wetting hindered the dislodging of 

particles due to suction forces
• Water was sprayed at 80 gallons/min until p y g

pavement was saturated and runoff occurred
• Surface was then vacuum sweptSurface was then vacuum swept
• It was noted that rate decreased after wet tests 

indicating finer particles may have migratedindicating finer particles may have migrated 
deeper and water was preventing the suction of 
these particlesthese particles

Slide #126



Deliberate clogging of Pervious Concrete *

Slide #127



Deliberate clogging of Flexi-Pave™ *
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Deliberate clogging of Pervious Pavers *
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Deliberate clogging of Porous Asphalt *
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Adding Insult to Injuryg j y
by wetting the contaminates over the pervious pavements
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Adding Insult to Injuryg j y
by compacting the wetted the contaminates over the pervious pavements
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Final Surface Ready for Testing & Sweeping
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ERIK Testing prior to vacuum sweeping
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Typical Vacuum Sweeping Truck

Slide #135



“DRY” Vacuum Sweeping Operations

Slide #136



“DRY” Vacuum Sweeping Operations
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“Dry” Vacuum Sweeping Disposal
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Visual Results After “DRY” Vacuum Sweeping Operations

Fl P ™Flex-Pave™

Pervious 
Concrete Pervious 

Brick Pavers

Porous Asphalt

Brick Pavers

Pervious 
Brick PaversBrick Pavers

Pervious 
ConcreteConcrete
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“Wet” Vacuum Sweeping Operations

Slide #140



“Wet” Vacuum Sweeping Operations
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Visual Results After Initial “Wet” Vacuum Sweeping Operations

Surface wetting hindered the dislodging 
of particles due to suction forcesof particles due to suction forces
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“Wet” Vacuum Sweeping Disposal
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Rejuvenation Results of Pervious Concrete * Pavement
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Rejuvenation Results of Pervious Concrete * Pavement
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Rejuvenation Results of Pervious Concrete * Pavement
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Sediment Clogging &Sediment Clogging & 
Rejuvenation StudiesRejuvenation Studies 

ith ilt fiwith  silty fines 
( )(limerock)

Slide #147http://stormwater.ucf.edu/



Deliberate clogging of Porous Asphalt *
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Deliberate clogging of Porous Pavers *, Pervious Concrete * and Flexi-
Pave™ * with limerock (subsequently crushed and compacted)
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Adding Insult to Injuryg j y
by wetting the crushed limerock over the pervious pavements
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Adding More Insult to Injury
T i l St F ( b t 14” f R i i 48 h ) d i A t 2008Tropical Storm Fay (about 14” of Rain in 48 hours) during August, 2008

Slide #151



Adding More Insult to Injury
T i l St F ( b t 14” f R i i 48 h ) d i A t 2008Tropical Storm Fay (about 14” of Rain in 48 hours) during August, 2008
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“Wet” Vacuum Sweeping Operations
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“Wet” Vacuum Sweeping Operations
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“Wet” Vacuum Sweeping Disposal
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Visual Results After “Wet” Vacuum Sweeping Operations

Flex-Pave™

Pervious
Pervious 

Brick Pavers

Pervious 
Concrete

Slide #156

Porous Asphalt



Add the RejuvenationAdd the Rejuvenation 
Results (infiltration rates)Results (infiltration rates) 
here when they becomehere when they become 
available from the UCFavailable from the UCF 
Stormwater AcademyStormwater Academy

Slide #157http://stormwater.ucf.edu/



Excel© “Design Aid”Excel© Design Aid  
E l fExamples for 

Pervious Pavement
Using Beta Version 1.03 dated 09/29/08
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The Excel© “Design Aid” is available from the following URL:
http://www.dep.state.fl.us/water/wetlands/erp/rules/stormwater/rule_docs.htm

Slide #159
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Example Problem #1

The above photograph provided by Deep Tu P E Completed pervious concrete*The above photograph provided by Deep Tu, P.E. 
at the Florida Concrete * Products Association

http://www.fcpa.org/

Completed pervious concrete* 
parking lot at the Florida Concrete 

Products Association (FCPA) facility 
in Orlando Florida

Six (6) inches of pervious concrete * 
in Orlando, Florida

Slide #162

placed directly on top of the parent soil.



Example Problem #1
Six (6) inches of pervious concrete* placed directly on top of the parent soil.

24 hour, 25 year rainfall depth ≈ 
7 5 inches7.5 inches

Project Location: Lakeland, FL

Assignment: Determine the 
pervious pavement Curve Numberpervious pavement Curve Number 

(CN) and the Rational “C” 
Coefficient for this rainfall depth.
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Example Problem #1
Six (6) inches of pervious concrete * placed directly on top of the parent soilSix (6) inches of pervious concrete * placed directly on top of the parent soil.

Be sure to 
enable the 

E l© MExcel© Macros 
prior to starting.

This Excel© “Design 
Aid” is available 
from the 09/15/08from the 09/15/08 

TAC meeting 
summary available 

at:
http://www.dep.state.fl
.us/water/wetlands/erp
/ l / t t / l

Slide #164

/rules/stormwater/rule
_docs.htm 



Example Problem #1
Six (6) inches of pervious concrete * placed directly on top of the parent soilSix (6) inches of pervious concrete * placed directly on top of the parent soil.

After entering the 
rainfall depth, hit this 

button to view the 
plots and pervious 
pavement storage 

24 hour, 

calculator.

25 year 
rainfall 
depth ≈depth ≈ 

7.5 inches.
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Example Problem #1
For six (6) inches of pervious concrete * placed directly on top of the parent soil

Pull down menu for the typePull down menu for the type 
of pervious pavement
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Example Problem #1
For six (6) inches of pervious concrete * placed directly on top of the parent soil

If a storage reservoirIf a storage reservoir 
is proposed, enter the 
appropriate thickness 

Slide #167

pp p
of the material(s)



Example Problem #1
For six (6) inches of 
pervious concrete * 
placed directly onplaced directly on 
top of the parent 

soil, with a 7.5 inch 
rainfall depth:rainfall depth:

System y
Storage (S’) 

= 1 2” 1.2
CN = 89
Rational 

“C” = 0 82

Slide #168

C   0.82



Example Problem #1
Six (6) inches of pervious concrete * placed directly on top of the parent soilSix (6) inches of pervious concrete * placed directly on top of the parent soil.

F h i

For a 25 year design storm, 
the FDOT range for Rational 

“C” values are: From the previous 
slide, the

Rational “C” = 0.82

C  values are:
1.1 x 0.75              = 0.83
1.1 x 0.95 = 1.05   (use 1.0) 

Slide #169

The FDOT Drainage Hydrology Handbook is available at:
http://www.dot.state.fl.us/rddesign/dr/Manualsandhandbooks.htm

( )

Similar results for 
sandy soils



Example Problem #2

Installation atInstallation at 
the UCF 

EngineeringEngineering 
Field Lab on 

11 09 011-09-07

Two (2) inches of Flexi™-Pave * placed over a 
t t f (24) i h #57 t t

Slide #170

twenty-four (24) inch #57 stone storage 
reservoir.



Example Problem #2
Two (2) inches of Flexi™-Pave * placed over a 
twenty-four (24) inch #57 stone 

storage reservoir.

Project Location: Sarasota, FL
Pl t th t t f S t C t

storage reservoir.

Please note that most of Sarasota County 
consists of pine flatwoods soils, HSG = 

“B/D”, with a SHGWT from 0” to 12” B.L.S.

24 hour, 5 year rainfall depth ≈ 6.0 
inchesinches

Assignment: Determine the 
pervious pavement Curve Number 

(CN) and the Rational “C” 
C ffi i t f thi i f ll d th

Slide #171

Coefficient for this rainfall depth.



Example Problem #2
T (2) i h f Fl i™ P * l d t t f (24) i h #57 t t i

After entering the 

Two (2) inches of Flexi™-Pave * placed over a twenty-four (24) inch #57 stone storage reservoir.

rainfall depth, hit this 
button to view the 
plots and pervious 
pavement storage 

24 hour, 5 

calculator.

year 
rainfall 
depth ≈depth ≈ 

6.0 inches.
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Example Problem #2
T (2) i h f Fl i™ P * l d t t f (24) i h #57 t t iTwo (2) inches of Flexi™-Pave * placed over a twenty-four (24) inch #57 stone storage reservoir.

Pull down menu for the typePull down menu for the type 
of pervious pavement
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Example Problem #2
T (2) i h f Fl i™ P * l d t t f (24) i h #57 t t iTwo (2) inches of Flexi™-Pave * placed over a twenty-four (24) inch #57 stone storage reservoir.

Enter the 24 
inches of #57inches of #57 

stone
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Example Problem #2
For two (2) inches 
of Flexi™-Pave * 

placed over aplaced over a 
twenty-four (24) 
inch #57 stone 

storage reservoirstorage reservoir, 
with a 6.0 inch 
rainfall depth:

System 
Storage (S’)Storage (S ) 

= 6.36”
CN 61CN = 61
Rational
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Rational 
“C” = 0.34



Example Problem #2
Six (6) inches of pervious concrete * placed directly on top of the parent soilSix (6) inches of pervious concrete * placed directly on top of the parent soil.

From the 
previous 
slide the

For a 5 year design storm, 
the FDOT range for Rational 

“C” l The results are differentslide, the
Rational 

“C” = 
0 34

“C” values are:
0.75
0 95

The results are different 
because the underlying 

strata is significantly 
diff t ( 24” thi k
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The FDOT Drainage Hydrology Handbook is available at:
http://www.dot.state.fl.us/rddesign/dr/Manualsandhandbooks.htm

0.340.95 different (a 24” thick 
#57 stone reservoir).



Excel© “Design Aid” for Pervious Pavement
Using Beta Version 1.03 (dated 09/29/08), available at: 

http://www.dep.state.fl.us/water/wetlands/erp/rules/stormwater/rule_docs.htm

Fictitious Example for a SmallFictitious Example for a Small 
Pervious Pavement Project that 

Discharges Into Waters that Meet 
Water Quality StandardsWater Quality Standards

(Using the District’s presumptive criteria)( g p p )

Note: As this is a fictitious project for storm water qualityNote:  As this is a fictitious project for storm water quality
review, no attempt was made to ensure that the example 

problems meet the other local codes of Sarasota County (i.e. 
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flood control, land use intensity computations, landscaping 
requirements, minimum # of parking spaces, etc.).



Soil Boring Recommendations

Recommended

Refer to the next five (5) slides for a copy of the above 
referenced SWFWMD Training Memorandum

Recommended 
# of borings

Recommended # of 
hydraulic

Section 7.5.2 of the District’s Basis of Review (BOR) 
states the following:

“Subsurface exfiltration will be reviewed only on the 

b i f representative or actual hydraulic 
conductivity tests

basis of representative or actual test 
data submitted by the applicant. Tests shall be 

consistent as to the elevation, location, soils, etc. with 
the system design to which the test data will be 

applied”.applied .

Since we will be using a fictitious project for the following 
example problems actual soil borings and Kv / Kh tests are
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example problems, actual soil borings and Kv / Kh tests are 
not available. Therefore, we will use the NRCS soils 

information as representative test data.



Determination of Kv and Kh in Surfacewater Management System Soil
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Determination of Kv and Kh in Surfacewater Management System Soil
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Determination of Kv and Kh in Surfacewater Management System Soil
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Determination of Kv and Kh in Surfacewater Management System Soil
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Determination of Kv and Kh in Surfacewater Management System Soil
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Example Problem
Two (2) inches of Flexi™-Pave * 

placed over a eleven (11) inch #57placed over a eleven (11) inch #57 
stone storage reservoir.

Landscaped (green impervious) areas = 
6,123 SF = 0.141 Acres

Impervious Pavement & Building = 29,957 
SF = 0.688 Acres

Pervious Pavement Area = 7,310 SF = 
0.168 Acres
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Total Property & Contributing Basin 
Boundary Area = 43,390 SF = 0.996 Acres



Example Problem
Two (2) inches of Flexi™-Pave * 

placed over an eleven (11) inch #57placed over an eleven (11) inch #57 
stone storage reservoir.

Available Pervious Pavement 
Section Storage (S’) = 3 11Section Storage (S ) = 3.11 

Inches (see below)
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Retention Volume Computations
Total Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres

Required Treatment Volume (RTV) = Contributing Basin x 0.5 Inches (refer to 
Section 5.2.c.1 of the District’s “Basis of Review”) = 43,390 SF * (0.5 Inches / 12 Inches Per 

From a previous slide the Pervious Pavement Area = 7 310 SF = 0 168 Acres

) , (
Foot) 

= 1,808 CF = 0.042 Acre-Feet
From a previous slide, the Pervious Pavement Area = 7,310 SF = 0.168 Acres

Designed Pervious Pavement Storage Volume (within the sustainable void 
spaces in the design section) = Pavement Area x Available Storage = 7,310 SF * p g ) g ,

(3.11 Inches / 12 Inches Per Foot) = 1,895 CF = 0.043 Acre-Feet  

Two (2) inches of Flexi™-Pave * 
Since the Designed Pervious Pavement 

Storage Volume of = 1 895 CF is greater than( )
placed over an eleven (11) inch #57 

stone storage reservoir.

Storage Volume of  = 1,895 CF is greater than 
the Required Treatment Volume (RTV) of 
1,808 CF, the retention portion of the 

analysis is okayanalysis is okay.
A mounding analysis is now required to 

demonstrate that the RTV will recover within 
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72 hours with a safety factor of two (2). Refer 
to the next several slides for the recovery 

analysis.  



Mounding (recovery) analysis of the 
R i d T t t V l (RTV)Required Treatment Volume (RTV)

A i ifi tA significant 
percentage of p g
engineering 

consultants utilize theconsultants utilize the 
PONDS© *, Modret© *, 
or ICPR© * software 

packages to perform
Refer to Chapters 4 & 5 

of this publication

packages to perform 
this analysis. 
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of this publication



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Weighted average of the

150’ / 50’

Weighted average of the 
sustainable void spaces in 

the pervious pavement 
section (see the next slide).

0.67 * Kv (per the 
Modret User’s 

manual).

“Slug” loading Hydrograph (above) from the 1,808 
CF Required Treatment Volume input (below).
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Weighted average of the 
sustainable void spaces

(refer to the data in the pervious pavement calculator below)

2”   x 0.18 = 0.36

11” x 0.25 = 2.75

Two (2) inches of Flexi™-Pave * 

13”               3.11
( )

placed over an eleven (11) inch #57 
stone storage reservoir. 3.11 / 13” = 0.24

Weighted average
of the sustainable void 
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spaces in the “composite” 
pervious pavement section.



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

50
 fe

et

Total Volume Infiltrated = 
1,808 CF (the Required 

Treatment Volume).T 
= 

96
.5

)

SH
G

W
T

Th
e 

As the Required Treatment Volume (RTV) of 

The maximum computed stage = 
98.46 feet, which is below the 

surface elevation of the pervious 
1,808 CF recovers to the bottom of the pervious 
pavement system elevation of 98.42 feet in 4.69 
hours (< 72 hours with a safety factor of two), it 
meets the criteria specified in Section 5.2.c.2 of 

pavement system (99.50 feet).

Slide #190

the District’s “Basis of Review”. 



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Bottom 
l ti fBottom elevation elevation of 

the pervious 
pavement 
system = 
98.42 feet 

Bottom elevation 
of the pervious 

pavement system = 
98.42 feet 

SHGWT elevation = 96.50 feetSHGWT elevation = 96.50 feet

Looking east / west through the 
pervious pavement section

Looking north / south through 
the pervious pavement section

Groundwater mound after 
pervious pavement sectionthe pervious pavement section
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Bottom 
elevation of

Bottom 
l ti f elevation of 

the pervious 
pavement 
system = 
98.42 feet 

elevation of 
the pervious 

pavement 
system = 
98.42 feet 

SHGWT elevation = 96.50 feetSHGWT elevation = 96.50 feet

Looking east / west through the 
pervious pavement section

Looking north / south through 
the pervious pavement section

Groundwater mound after 
pervious pavement sectionthe pervious pavement section
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Bottom 
elevation ofBottom elevation elevation of 
the pervious 

pavement 
system = 
98.42 feet 

of the pervious 
pavement system 

= 98.42 feet 

SHGWT elevation = 96.50 feetSHGWT elevation = 96.50 feet

Looking east / west through the 
pervious pavement section

Looking north / south through 
the pervious pavement section

Groundwater mound after 
pervious pavement sectionthe pervious pavement section
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

The PONDS * software package models an open pond or 
t h ith it f 1 0 It d NOT di tl d ltrench with a porosity of 1.0. It does NOT directly model an 
exfiltration trench (or pervious pavement) that has a porosity 
less than 1 0less than 1.0.

Therefore Devo Seereeram P E Ph D (the author of theTherefore, Devo Seereeram, P.E., Ph.D. (the author of the 
PONDS * software package), published a procedure for gravel 
filled ponds and trenches - refer to his Technical Memo dated 
09/25/06, available at:

http://devoeng.com/technical_memo.html
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This memo is shown on the next two (2) slides.



*

“  …. When …. the internal 
porosity is less than 1.0, the stage p y g
area data needs to be adjusted so 

that the resulting storage 
calculation remains correct.”

Slide #195http://devoeng.com/technical_memo.html

calculation remains correct.
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Adjusted stage / 
area data for a Bottom of Flexi

Top of Flexi-Pave * = 99.50 

pervious pavement 
section using the Set dH = 0.02

Bottom of Flexi-
Pave * = 99.33 

g
PONDS * Technical 

Memo for this Bottom of #57
example problem.

Bottom of #57 
stone reservoir = 
98.42

SHGWT = 96.50

Stage Pervious Pavement Area   x   Porosity (N)   =   Adjusted Area (A’)

98.40  = Max. Area for Unsaturated Infiltration = 7,310 SF  (see plan sketch)

98 42 7 310 SF x 0 24 ** = 1 754 SF98.42                     7,310 SF                 x        0.24 **            =         1,754 SF

99.50            7,310 SF                 x        0.24 **            =         1,754 SF     
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** Weighted void space of the pervious pavement section (see a previous 
slide for this value).



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

Safety Factor 
of Two (2)of Two (2) 

applied here.

Except as noted, the input data 
into the PONDS * model was the 
same as the previous Modret *

Adjusted stage / 
area data from the 
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same as the previous Modret  
example.

previous three (3) 
slides.



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

As the Required Treatment 
Volume (RTV) of 1,808 CF 

b l th b tt f threcovers below the bottom of the 
pervious pavement system 

elevation of 98.42 feet in less than 
72 hours (with a safety factor of 

two), it meets the criteria specified 
in Section 5.2.c.2 of the District’s 

“Basis of Review”. 
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

T f th i t t 99 50’Top of the pervious pavement system = 99.50’

Bottom of the pervious pavement system = 98.42’Bottom of the pervious pavement system  98.42

The SHGWT = 96.50 feet

Recovery to the bottom of the pervious 
pavement system in about four (4) hours
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

Groundwater mound 
ft 24 hafter 24 hours

For comparison purposes, Modret * plots 
the groundwater mound from the CENTER
of the pond. To see the PONDS * plot of the 
groundwater mound from the center of the g
pond, right click on the graphical output 

screen and change the settings.

SHGWT 
elevation = 
96.50 feet
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

Groundwater mound 
ft 48 hafter 48 hours

For comparison purposes, Modret * plots 
the groundwater mound from the CENTER
of the pond. To see the PONDS * plot of the 
groundwater mound from the center of the g
pond, right click on the graphical output 

screen and change the settings.

SHGWT 
elevation = 
96.50 feet
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Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using PONDS *

Groundwater mound 
ft 72 hafter 72 hours

For comparison purposes, Modret * plots 
the groundwater mound from the CENTER
of the pond. To see the PONDS * plot of the 
groundwater mound from the center of the 

SHGWT

g
pond, right click on the graphical output 

screen and change the settings.
SHGWT 

elevation = 
96.50 feet
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Excel© BMP “Review Aid”
Using Beta Version 1.03 (dated 12/05/08)

Fi titi E l f S llFictitious Example for a Small 
Pervious Pavement Project thatPervious Pavement Project that 

Discharges Into Waters not g
Meeting Water Quality Standards 

(net improvement needed)
Note:  As this is a fictitious project for storm water quality

review, no attempt was made to ensure that the example 
problems meet the other local codes of Sarasota County (i e
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problems meet the other local codes of Sarasota County (i.e. 
flood control, land use intensity computations, landscaping 

requirements, minimum # of parking spaces, etc.).



The Excel© BMP“Review Aid” is available 
from the following FTP site:from the following FTP site:

http://ftp.swfwmd.state.fl.us/pub/draft_imp_waters_rev_aid/
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Example Problem
Two (2) inches of Flexi™-Pave * 

placed over a twenty four (24) inchplaced over a twenty-four (24) inch 
#57 stone storage reservoir.

Landscaped (green impervious) areas = 
6,123 SF = 0.141 Acres

Impervious Pavement & Building = 29,957 
SF = 0.688 Acres

Pervious Pavement Area = 7,310 SF = 
0.168 Acres
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Total Property & Contributing Basin 
Boundary Area = 43,390 SF = 0.996 Acres



Example Problem
Two (2) inches of Flexi™-Pave * 

placed over a twenty four (24) inchplaced over a twenty-four (24) inch 
#57 stone storage reservoir.

Available Pervious Pavement 
Section Storage (S’) = 6 36Section Storage (S ) = 6.36 

Inches (see below)
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This Example is located in Winter Haven 
(Zone 2) with an annual rainfall of 50”(Zone 2), with an annual rainfall of 50
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This Example is a single system analysis

Click here toClick here to 
continue
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Enter the contributing watershed data

Click here for 
Step #1
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Example #1 – Retention System Design

Existing Conditions:
Contributing watershed size &Contributing watershed size & 

location – 0.996 Acres near Winter 
Haven that discharge into an impaired 
water bodywater body.

Annual Rainfall depth – 50 inches
Land Use Mixed hardwood forestLand Use – Mixed hardwood forest
Ground Cover – Poor Condition, 

HSG = “A” with a composite non-DCIA Slide courtesy of David W. Hamstra, P.E., Professional Engineering 
Consultants, Inc.,  Orlando, Florida    http://www.peconline.com/p

curve number (CN) = 45 (refer to  Table 
2-2c from TR-55)

DCIA percentage Zero percent

TR-55 documentation (from the 
NRCS) is available at the following 

web address:DCIA percentage – Zero percent 
(0.0%)

web address:
http://www.wsi.nrcs.usda.gov/products/W2Q/H&H

/Tools_Models/other/TR55.html   
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Determine the pre-developed nitrogen 
& phosphorous loadings.



Enter the contributing watershed data
After data entry, 
click here to go 
b k t St #2back to Step #2

Pre-Developed Land Use 
(see the previous slide)

Recessed Landscaped (green impervious) area = 6 123 SF = 0 141 Acres
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Recessed Landscaped (green impervious) area = 6,123 SF = 0.141 Acres
Impervious Pavement & Building = 29,957 SF = 0.688 Acres

Pervious Pavement Area = 7,310 SF = 0.168 Acres
Total Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres

From Table 2-2a of TR-55 (for a commercial site placed over  
HSG = “A” soils), the CN = 89, with an estimated DCIA of 85%



Go to Step #2 to view the results

Cli k h fClick here for 
Step #2p
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Analysis Results

Th id d i tThe provided pervious pavement 
area = 0.168 Acres, which is less 

than the required 0.43 acres. 
Th f th d i i i d t
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Therefore, the design is inadequate.



Revise the design (using trial & error) until the pervious 
pavement system can retain more storm water.  

This data will change with a 
revised design.

Potential Design Revisions & Required Analysis:
1. Increase the area of the pervious pavement parking lot.

2. Increase the thickness of the pervious pavement system.

3. Import clean sands to increase the vertical separation between the bottom of 
the pervious pavement system and the Seasonal High Ground Water Table 
(SHGWT) & confining unit (i.e. clay / hardpan layer). See the next slide for 
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( ) g ( y y )
additional information.

4. Check the RTV recovery time using the required mounding analysis.



District Training Memorandum on B/D soils

I ti HGS “A” il HSG “B/D” ilImporting HGS “A” soils over HSG “B/D” soils
to provide additional clearance from the proposed finished grades to 

th hi t i l SHGWT l tithe historical SHGWT elevations.

District

B/D soils

District 
Training 

Memorandum
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Example Problem
Two (2) inches of Flexi™-Pave * 

placed over a fifteen (15) inch #57placed over a fifteen (15) inch #57 
stone storage reservoir.

Landscaped (green impervious) areas = 
6,123 SF = 0.141 Acres

Decreased Impervious Area (Building & 
Perimeter Sidewalk remain) = 16,476 SF = 

0.378 Acres

Increased Pervious Pavement Area = 
20 791 SF = 0 477 Acres
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20,791 SF = 0.477 Acres

Total Property & Contributing Basin 
Boundary Area = 43,390 SF = 0.996 Acres



Example Problem
Two (2) inches of Flexi™-Pave * 

placed over an fifteen (15) inch #57placed over an fifteen (15) inch #57 
stone storage reservoir.
Increased Pervious 

Pavement Section StoragePavement Section Storage 
(S’) = 4.11 Inches (see below)
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Enter the contributing watershed data
After data entry, 
click here to go 
b k t St #2back to Step #2

Pre-Developed Land Use 
(see the previous slide)
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From Table 2-2a of TR-55 (for a commercial site placed over  
HSG = “A” soils), the CN = 89, with an estimated DCIA of 85%

Landscaped (green impervious) areas = 6,123 SF = 0.141 Acres
Decreased Impervious Area (Building & Perimeter Sidewalk remain) = 16,476 SF = 0.378 Acres

Increased Pervious Pavement Area = 20,791 SF = 0.477 Acres
Total Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres



Go to Step #2 to view the results

Cli k h fClick here for 
Step #2p
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Analysis Results

Th id d i tThe provided pervious pavement area = 
0.477 Acres, which is greater than the 

required 0.37 acres. Therefore, the design is 
okay so far, pending the results of the 

i d di l i
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required mounding analysis.



Revised Mounding Analysis

From a previous slide, the Pervious Pavement Area = 20,791 SF = 0.477 Acres

Total Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres

Revised Pervious Pavement Storage Volume (within the sustainable void 
spaces in the design section) = Pavement Area x Available Storage = 20,791 SF * 

(4.11 Inches / 12 Inches Per Foot) = 7,121 CF = 0.163 Acre-Feet(4.11 Inches / 12 Inches Per Foot)  7,121 CF  0.163 Acre Feet  

From the previous slide, the retention portion of the 
l i i k d th RTV 5 518 CF

Two (2) inches of Flexi™-Pave * 

analysis is okay, and the new RTV = 5,518 CF

( )
placed over a fifteen (15) inch #57 

stone storage reservoir. A mounding analysis is now required to 
demonstrate that the increaseddemonstrate that the increased 

(required) retention storage of 5,518 CF 
will recover within 72 hours with a safety 
factor of two (2) Refer to the next several
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factor of two (2). Refer to the next several 
slides for the recovery analysis.  



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Weighted average of the

200’ / 150’

Weighted average of the 
sustainable void spaces in 

the pervious pavement 
section (see the next slide).

“Slug” loading Hydrograph (above) from the 5 518

0.67 * Kv (per the 
Modret User’s 

manual).

Slug  loading Hydrograph (above) from the 5,518 
CF Required Treatment Volume input (below).

Slide #224



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

Weighted average of the 
sustainable void spaces

(refer to the data in the pervious pavement calculator below)

2”   x 0.18 = 0.36

15” x 0.25 = 3.75

Two (2) inches of Flexi™-Pave * 

17”               4.11
( )

placed over a fifteen (15) inch #57 
stone storage reservoir. 4.11 / 17” = 0.24

Weighted average
of the sustainable void 
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spaces in the “composite” 
pervious pavement section.



Mounding (recovery) analysis of the Required Treatment 
Volume (RTV) using Modret *

50
 fe

et
T 

= 
96

.5

Total Volume Infiltrated = 
5,518 CF (the Required 

Treatment Volume).

SH
G

W
T )

Th
e 

As the Required Treatment Volume (RTV) of 

The maximum computed stage = 
98.18 feet, which is below the 

surface elevation of the pervious 
5,518 CF recovers to the bottom of the pervious 
pavement system elevation of 98.08 feet in 32.9 
hours (< 72 hours with a safety factor of two), it 
meets the criteria specified in Section 5.2.c.2 of 

pavement system (99.50 feet).
Recovery time ≈ 

32.9 hours
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the District’s “Basis of Review”. 



Optional Re-Design & Analysis

If d i d b th ERP li t /If desired by the ERP applicant / 
Engineer of record additionalEngineer of record, additional 
(trial & error) analysis can be ( ) y

performed to optimize the final 
design to minimize pervious 

pavement costs ($$$)pavement costs ($$$). 
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This concludes our presentation 
– thanks for your attentionthanks for your attention

Good engineering protects the environment!

Final Questions?Final Questions?
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