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g to Professional Engineers so
- they may successfully design storm water
management systems that meet their client’s ,
objectives, while protectlng the mterests of the
public. - A
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Pervious Pavement

Good design is important, but ---
You have to locate it properly, build it
right and you have to maintain it.
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PaSt H iStOl'y — Pervious Pavement

Fair / Poor in most cases due to:
- DeSign eI'rOrsS (poor soil conditions not taken into

account, or placement of pervious pavement in high traffic volume / heavy
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 &

sands from plugging the pervious pavement void spaces).
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Past design errors - Pervious Pavement

Not taking sub-
soil compaction
Into account

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

80% compaction on first pass of equipment

(excluding
compacting
equipment)

http://lwww.pbase.com/floridageologi
calsurvey/phosphate_mining&page=
all

Initial image sources: Eric Livingston, FDEP — LID Introduction to the 09-15-08 TAC meeting
for the proposed statewide storm water Rule. Slide #6



Recommendations
— Pervious Pavement

@ tTwo (2) to Twelve
S (12) Inches
c
=L/ ﬂ/‘ UﬁU’ yoovs N
PSS Wu @i{‘{} )”Q“» <
5 ) Q( W%U/ \,Q W<“ ta
s 5 N A >t T’ . ero (0) to
E J,}%{J _\C R/ESAER/VOIR LAYER W.?? = Thirty-Six
o AN A PFovesY & 36) Inches
Al el ,C(;L, %Ewé—? Ple; Bl 39)
i|cecececece. o
i | I e g AT,
TE
<2 PARENT SOIL .
3: RGNV RNINCRIE FILTER
.E% Parent soil compacted to a MAXIMUM of 92% - FABRIC
2 -F'_: 95% Modified Proctor density (ASTM D-1557) (IF RESERVOIR
= — | — — LAYER IS USE
Sea T)
Figure 1:
Typical Pervious Pavement Cross Section

* As a point of reference, the North Carolina DENR
requires a vertical saturated hydraulic conductivity
2 0.52 in/hr for the soil horizon below the base of
the pavement system to a total depth of 36 inches.

Rear Ripper / Scarifier
http://safety.cat.com/cdalfiles/861819/7/

140M.pdf
Ripper

y N
Ripping Depth, Maximum 428 mm i
Ripper Shank Holders 5 = Maximum
Ripper Shank Holder Spacing 533 mm 21in
Penetration Force 9026 kg 19,800 1b ri in de th ]
Pryout Force 8555 kg 18,861 Ib pp g p
Machine Length Increase, 919 mm 36.2in
Wachin Lon 16.8 inches.

]
= Parent solil - 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 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).

= Heavy wheel loads -
proposed (not recommended), then
alternate methods of pavement design
must be utilized (i.e. structural /
permeable geo-fabrics above the parent

soil). )
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Past design errors - Pervious Pavement

Locating pervious
pavement in the
wrong locations

See the next eight (8) slides
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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
obvious
place where
pervious
pavement
should NOT

. - P S be used.
& \\ pa nt
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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 is
Pyl another
nag e obvious

Rl

G piace where
; pervious
pavement

should NOT

o~ Ah ]

e Uscd.

S

SR-;6\3\at us

(Busineséﬁ%
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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).

. e — sl I T ——

. (EER) < -

B e T

» » e S Another
b | obvious place
where
pervious
pavement
should NOT
be used.

o), | | ] ; . . R Notice the
R e . A N WSS structural failure
G G where the S-1
asphalt joins to
the Class |
concrete - very
common with
high traffic
volumes
(regardless of
wheel load).
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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).

— e
Y & o ‘ | —
g | s

S — P ———— g

_ﬁ;eauent turning mévmé_s ' ‘ Notice the
T i, I . beginnings of
— — structural

failure where
the S-1 asphalt
joins to the
Class | concrete
- very common
with high traffic
volumes
(regardless of
wheel load).
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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).

= R e | ; Y N P w, ¥
.-“—_‘- f— ¥ Y e 11 4 ~ . ':," ey e
Y = | e o w
T " e

S
& ' h

08/01/2008 7:32

Class | concrete pavement for a
fast food restaurant “Drive
Through” pick-up window.

08/01/2008 7:32.am 1.
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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).

e - 1 -
2, " d
i = - =
fr AR
by - HA0 ' !
v, 3, v
v h -
i L 1
i 1
'
¥

e ‘“'E‘ L e T

Notice the
structural
P failure where
#% | the S-1 asphalt
¢ joins to the
Class |

Class |

-~ concrete - very
Concrete P¢ common with
Pavement & high traffic
gz e volumes

(regardless of
wheel load).

e vkt
S,
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Locating pervious pavement in the wrong location

s %% * . HighRise,.
b Thi f" ; r' - Office

=T"1]], ==Building

Ve T e N e T R
Concrete Pavers

(be careful about Federal ADA requirements) Slide #15




Locating pervious pavement in the wrong location

11/08/2007 8:39 am

= SEF 3 4..7'1,

Notice the Class |

concrete pavement in
this area.

¥
-

11/08/2007 8:39 am
Modular Concrete

Pavers
(be careful about Federal
ADA requirements)
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Recommendations

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

a day * ), regardless of wheel loads

= Modular Concrete Pavers - for expected use by

the physically challenged, or people wearing high heeled shoes

—>Modular @ . "

Concrete Pavers _

Current North

Carolina DENR
requirement.
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Recent |mprOV9mentS - Pervious Pavement

Much better due to:

= |mproved Products

= Better construction supervision (using specialized
construction crews that are trained / certified by the product
manufacturer).

= Better designs and maintenance procedures

(through information / training sessions such as these, plus more
University Research (i.e. the UCF Stormwater Management Academy)

Uiy’ O CENTIRAL FFLORIA,

Stormwater S84

Management
ACADEMY
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“Generic’” Cross Section

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

“Schmutzdecke”

German word for dirty layer

o
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Seasonal High Ground Water Table (SHGWT)

Pervious Pavement Done Right __



Typical Pervious Pavement Section

NOT recommended - has to potential to “hide”
system failures. The recommended replacement will be Sign Posted to Prevent

discussed later in this presentation. Resurfacing and Use of
Berm KE'EFJ'S Off-site Runoff Asphaﬂ is Vacuum Sx,.'...rep.tl Abrasives, and tO Restrict
and Sediment Out, Provides Followed by Jet Hosing to Truck Parking
Temporary Storage Keep Pores Open

Porous Asphalt

Overflow
Pipe —_— — ’ﬁ@
Perforated Pipe Discharges
Only When 2-Year Storage

Yolume Exceeded

Chservation Well

Filter Fabric Lines Sides The recommended

of Reservoir to Prevent —» _replacement W.'" be_
Sediment Entry discussed later in this

Stone Reservoir Drains in 48 - 72 Hours presentation.

Gravel Course or 6-

/ Inch Sand Layer

Undisturbed Soils with a Field Capacity > 0.27 @
Inches/Hour Preferably * 0.50 Inches/Hour

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

http:/lyosemite.epa.gov/water/owrccatalog.nsf/9da204a4b4406ef885256ae0007a79c7/e60fc08b01f9edc385256
d83004fd8ed!OpenDocument
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Typical Pervious Pavement Installation

¥
r\.-_- .

>

R LN
FIE TR

(&£

5 a5 ’;3 (Y
THOSE LR TR
Source of Graphic: Georgia Storm Water Management

Manual, Section 3.3.7 — Porous Concrete
http://www.georgiastormwater.com/ Slide #21




Additional Pervious Pavement System Installations

Figure 1

o T e o (B

A modular polyethylene paving system, Netlon
SG2000,* shown with both gravel and turfgrass.

Figure 2
i ' ) it it i\ f
TR TR A I fﬂ_-‘ '8 A LR fi A
TURFGRASS \ ‘L”\\\\Q}\:\Wﬂ q‘{g?.;_._” (VA !’J_[?Hi‘:l'{"‘ ANk A
a, - B R 1 ' .

[
MESH ELEMENTS '
INSANDY :

ROOT ZONE <222

EXISTINGSOIL OR . " -
DRAINAGE LAYER

Soil amendment technology: Synthetic mesh elements add load-
bearing capacity to turf-covered areas.

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

http://www.metrocouncil.org/environment/Watershed/
bmp/manual.htm

(be careful about
Federal ADA
requirements)

Figure 3: Modular Concrete Turfstone™ Pavers*

Source: Interlock Paving Systems 2001

* This mention does not constitute an
endorsement of product.
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North Carolina DENR and NC State
University publications

< . "To preserve, protect
DLLI& and enhance

_— North Carolina’s water._."

North Carolina DENR publications available at:
http://h20.enr.state.nc.us/su/bmp_forms.htm
http://h20.enr.state.nc.us/su/bmp_links.htm

NC State University publications available at:
http://www.bae.ncsu.edu/info/permeable-pavement/
http://www.bae.ncsu.edu/stormwater/pubs.htm
http://Iwww.bae.ncsu.edu/stormwater/downloads.htm
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‘Stormwater @ UCF Research Publications
anag:mem o
*I) on pervious pavement

ACADEMY

*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

UCF research publications available at:

http://stormwater.ucf.edu/research_publications.asp
Slide #24



How & why pervious
pavement will be important
In the proposed statewide

storm water Rule 62-347

Section 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 &

P
A

stick
approach.
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Advantages of a “pervious pavement” design:

B ¢ N R [ —dh = — e — e — L

— une of the alternate Low |ntensuy uevempment \ )
“treatment train” methods to provide additional water quality
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). £

= |f additional $$$ are invested, can be used to reduce storm
water runoff discharge rates (i.¢. lower Curve Number or
Rational “C” coefficient). yr

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

= Can maximize land use and profitq.é)é
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Disadvantages of a “pervious pavement” design:

= More costly when compared to traditional asphalt & concrete
pavements.

= Difficult to build properly (specialized construction crews required).

= 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).

= Off-site sediment input must be minimized or eliminated.
= Detention storage (for flood control) is more costly $$$.

= Unless additional $$$ are invested, pervious pavement is typicall
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.

Slide #27



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

See the next seven (7) slides
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Missed Opportunity

BUSINESS
| HOUR
ENFORCED

B0 0R0.2003-07

Angled 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 | concrete
driveway entrance for frequent
vehicle turning movements

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

* This mention does not constitute an
endorsement of product.

http://lwww.fcpa.org/

Parking lot for cars & light trucks
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Potential** (Future) Opportunlty

Slf heavy

wheel loads
(or heavy
traffic
volumes) are

Asphalt

/ Class| expected, then
) 4 pervious
f Concrete** vaveriti
Pavement NOT a viable
> option.

s’f
&
7

Access Ramp Parklng Lot

- Potential ** location for pervious pavement
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Potential** (Future) Opportunity
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Access Ramp Parking Lot sumiusscon

_ POtentla| *%* |OcatI0n for perv'ous pavement perVIOUS * This mention does not constitute an

endorsement of product.

sidewalk and pervious curb & gutter * lide #32




Potential (Future) Opportunity

SPEED '

raditiohal Brlck

Streetscape’ s
 Project in
3 Downtown
o Lakeland ,

Streetscape Project in
. Downtown Lakeland

08/01/2008 8:24 am
d 4 '\

Current UCF research is
showing that these pervious
brick pavers are working well in
terms of load bearing and

TN
e h infiltration.

Field Laﬁ 04/

Streetscape Projects
=l s | - ideal location for pervious brick pavers o




Taking a Advantage of a LID Practice

Flexi™-Pave * is available in
many colors
http://www.kbius.com

* This mention does not constitute an
endorsement of product.

Pedestrian walks
& Bicycle Trails

- ideal locations for pervious
pavement
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Taking a Advantage of a LID Practice

¥,

&5 la

Flexi™-Pave * Sidewalk
Installation

http://www.kbius.com

* This mention does not constitute an
endorsement of product.
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The Basics of
Retention




Typical Retention System Designs

Storm water Best Management Practice Design Guide, Volume 2,
Vegetative Bio-filters
http://www.epa.gov/ORD/NRMRL/pubs/600r04121/600r04121.htm

WHY MANAGE RUNOFF?
When 18nd is convented from s NSNLIal S1318 1D OIfer Uses. especally LIDan 18nd Uses such
88 roads. homes, and shppINg Centers, Many IMPSrvicus or paved surfsces srs crested.

i e soak ik the g s s

speed of W loasding of 05,
ading and protect lives and property, an to reduce pollution of
managemenl praciices are used io retain, delan, andior fiter the

WHAT IS A SWALE?
Swales are one of the most commanly used stanmwster practices. For meny yours ey
— ot Todsy. swales

poley
o s, sitoncalic st Fom o deiveways, parking lots and other hard

o diches, straight sides
am it mamr-v re deep.

“Savethe
Swales”
brochure from
FDEP

http://lwww.dep.state.fl. uslwaterlnonpomtlpubs htm#Urban
_Stormwater_BMP_Research_Reports
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Soils

The Solid Foundation

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

= ACCURATE Topographic Survey
» ACCURATE Soils data (SHGWT, Kv, & Kh)

= ACCURATE Tailwater Information (Stage /
Time data in receiving water body)

= ACCURATE identification of Hydric soils
and wetlands

Slide #38



The majority of storm water management
system DESIGN FAILURES are due to:

= Improperly estimated Seasonal High
Ground Water Table (SHGWT) depths

= Improperly estimated Tail Water
elevations

Slide #39



First things First
Obtain ACCURATE Soils data

The “Tail that wags the Dog” in regard to designing retention systems.

SHGWT & confining unit depths, and horizontal & vertical
hydraulic conductivity (Kv & Kh) rates at the correct depths.

Soils

The Solid Foundation

Slide #40



Annual SWFWMD soils & SHGWT workshop

A cooperative training effort with the Federal _.__l-J.hSDA 0 N RC S
a7/

Natural Resources Conservation Service (NRCS)

United States Department of Agriculture
Natural Resources Conservation Service

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/

: . 5;: .4,\4‘ Mﬁ;.‘_"uz“;_\, .‘ﬁ\‘ { :
Slnce 1989 each workshop has covered the determination of SHGWT elevations

in natural, pre-developed conditions. Slide #41



2009 SWFWMD soils workshop

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

following URL.:

http://www.swfwmd.state.fl.us/calendar/conferences/

Conferences, Seminars & Workshops

21st Annual
Workshop

United States Department of Agriculture
Natural Resources Conservation Service

To be placed on our mailing
list for next year’s (2010)
workshops, please contact
the Strategic Program
Office, Resource Regulation
Division, at the District’s
Brooksville headquarters.
The telephone numbers are:

800-423-1476, x4336
(Florida Only)
352-796-7211, x4336
(Local)
SunCom 628-4336
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Additional source of information in
estimating depths to the SHGWT

ESTIMATING THE NORMAL SEASONAL HIGH GROUNDWATER TABLE:
A MIX OF ART & SCIENCE

by

Devo Seereeram, Ph.D., P.E.
Consulting Geotechnical Engineer; dseereeram|1 @cfl.rr.com
5500 Alhambra Drive, Orlando, Fl 32808
April 1993

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.

— used with permission
Devo Engineering - Orlando, Florida
http://[devoeng.com/ Slide #43



Mounding (recovery) analysis of
the required retention volume

5";’;‘;2’:';3‘:3’ A significant

. Ui percentage of

_Re““-“‘ gl Aquiters engineering

| consultants utilize the

PONDS® *, Modret® *,

or ICPR® * software

coter 0 chapters 1.+ [RERINSARNL AR
of this piuablication this anaIySIS'

w Frepared by ] ] ] ]
JAMMAL & ASSOCIATES, INC. * This mention does not constitute an
- - endorsement of product.
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Mounding (recovery) analysis of the required retention volume

nnvnmumu
UNSATURATED VERTICAL INFICTRETION ONLY

“Dry” ponds

Consulting Geotechnical Engineers

& swales,
DISCHARGE
N underground
BOTTOM R ke
" Unsaturated eXfI I t rat I o n
Vertical
Infiltration Rate
T trenches and
" sgtrtllzrg?eg hydraul pe rVI 0 u s
conductivity
BASE OF — pavement
WATER
e B
| HYDRAULICALLY RESTRICTIVE LAYER |

2007 Stormwater Workshop

Graphic courtesy of Devo Seereeram, P.E., Ph.D.

— used with permission
Devo Engineering - Orlando, Florida
http://devoeng.com/
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Mounding (recovery) analysis of the required retention volume
DRY RETENTIO

SATURATED :
@ 2007 Stormwater Workshop
-ME DEPENDENT) JE:\V. ,/ “;?

<STAGEII HEBIWEIIY

~ “Dry” ponds

Consulting Geotec

Ty & swales,
frovion -‘ underground
exfiltration
e, trenches and
pervious
A“;%Bf pavement
[ HYDRAULICALLY RESTRICTIVE LAYER |

note: initial flat water table assumption is not unrealistic when the natural gradient is considered
together with the duration of loading and the corresponding radius of influence.

Graphic courtesy of Devo Seereeram, P.E., Ph.D.

— used with permission
Devo Engineering - Orlando, Florida
http://devoeng.com/ Slide #46



The issue of placing
pervious pavement

systems over HSG
“B/D” solls.

For both storm water QUALITY
and QUANTITY computations.




Generalized location map of Spodosols
(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 has
already been
developed. What is left
is wetlands, flood
plains and Pine
Flatwoods soils - with
a SHGWT depth of 0”
to 12” Below Land
Surface (B.L.S.).

= O NRCS

United States Department of Agriculture
Natural Resources Conservation Service

8

8.4+
Million
Acres
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Pomona soil, HSG = B/D
SHGWT depth 0 inches - 12 inches Below Land Surface (B.L.S.)

EASINGER,
SAMSIT A ETC.
KENDRICE, TAVARES, ADAMEVILLE, WATCHULA,
CANDLER, ETC. | ORSING, ETC. SPARE, ETC. POMONA, ETC.
~ HSG=a | HSGC=4A | HEG=C | HSG=RBD |HsSG=D
Ky
SCRUB OAK, LATREL OAEK, HICEORY, OAE, £¥mﬁ%"i‘ﬂ E
TURKEY OAKE, EWEET GUM, SWEET GUM, T
ETC. LONG LEAF PINE, | SLASH FINE, FLATWOODS 1
ETC. MAGMDLIA, EIC.
- A
\ N
NATURAL GRADE CEEMR%E% D
(L ATD SURFACE) CANE, ETC.
DEPTH I BEHWL ELEV.
T - SHGWT (TYP.) EERO - MINCHES
SHGWT T o, SHGWT ABOYE LAND
ELEY. S et i ol ELEV. SURFACE (A.L.5)
M e -
Ty I —
CLAY (HARDPAT)
CONFINING TIVIT
SHGWT DEFTH SHGWT DEFPTH SHGCWT DEFPTH (SHGWT DEFTH
= 60 FEET 35FT -6.0FT. LSFT.-35FT. |ZERD-12 INCHES
BELOW LAND BELOW LAND BELOW LAND  |BELOW LAND

SURFACE (E.L.8) | SURFACE (B.L.5.) | SURFACE (B.L.5.) | SURFACE (B.L.5)

Moving farther down
gradient in regard to
landscape position.

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

Pomona iS a poorly drained should be considered as a HSG = D.
soil, with a SHGWT elevation
at (or near) the surface.
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Immokalee sand, HSG = B/D
SHGWT depth 0 inches - 12 inches B.L.S.

Color soil profile

Notice that all of the

(32 L roots are concentrated

at the surface.

“Grey” colors
indicate wetness.

horizon: Surface layer containing organic matter.

horizon: Leached horizon between the A and B horizons.

horizon: Zone of accumulation of material leached from the A and B horizons.
horizon: Layer not affected by soil forming processes.

Owm>»

-
o S
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Special Definition of Soils With Variable
HSG Classifications (i.e. A/D, B/D, etc.)

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Some soils are listed in the NRCS Soil
TRAINING MEMORANDUM Surveys as being in more than one

s document = swject o crange, ot vty | HSG. Such soils (indicated as A/D or

AT sy 16, oo B/D) are in HSG D in their natural (pre-

BT T e gic il Groups and Development Efets developed) condition because of high
TO:  Surface Water Managers and Staf water table conditions that create
FROM: Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services drainage impedance_ If these soils

PERMIT APPLICATIONS MUST BE ISSUED OF DENIZD SOLELY ON DISTRIGT RULE can be effectively drained (and

CRITERIA AND STATE STATUTE AUTHORITY. THE PURPOSE OF THIS DOCUMENT . .
BY DISTRICT STAEF. THE GUIDELINES SET FORTH HEREIN MAY BE MODIFIED N properly maintained) they may be
APPROPRIATE CIRCUMSTANCES. o - .
reclassified in a different HSG. For
T instance, an Ona soil is classified as
L . HSG B/D. This indicates that
District Training Memorandum

1 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
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.
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Special Definition of Soils With Variable HSG Classifications (i.e. A/D, B/D, etc.)

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT NUMBER: TM/ERP-970116.b1
RESOURCE REGULATION SUBJECT: USDA-NRCS Hydrologic Soil Groups and Development Effects
TRAINING MEMCRANDUM PAGE: 20f4

Group D Seils have a very slow infiltration rate and high runcff potential. They
mainly include soils having a high water table, a clay pan or clay layer at or near the
surface, and shallow soils over nearly impervious material such as bedrock.

This document is subject to change. If in doubt, verify
current status with Technical Services staff or the
author(s).

Some soils are listed in NRCS Sail Survey information as being in more than one H3G.
Such soils, indicated as A/D or B/D, are naturally in HSG D because of high water table
conditions that create drainage impedance. If these soils can be effectively drained, they
may be reclassified in a different HSG. Farinstance, an Ona soil is classified as HSG B/D.
This indicates that effectively drained Ona soil can be reclassified as high as HSG B, but

DATE: January 15, 1997

SUBJECT: TM/ERP -970116.b1

USDA-NRCS Hydrologic Soil Groups and Development Effects it can not be HSG A
TO: Surface Water Managers and Staff Effective soil drainage means having positive surface drainage, without residual
. . ] ) . . . depression storage, together with a designed subsurface drainage system. The
FROM: Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services  sybsurface drainage system must have an adequate outlet which is properly installed and

maintained with a removal rate of at least 0.5 inches/day for vegetable farming and 0.75
inches/day for citrus. Higher removal rates may be required for other land uses and site

THIS TRAINING MEMORANDUM MUST NOT BE CONSIDERED AS DISTRICT POLICY,  conditions.

EEE’%EIEZ.PNLE!ICS%S?Egwﬁ':‘lTsUTI'EEiILSJ'?I:JCE}g#‘E E’EEIEBRSECI}-SEEBEﬁEIISSBFSEEI'fl'?'llgllﬁ Process -  The following empirical guidelines, when applied cautiously, may be used fo

IS TO PROVIDE GENERAL GUIDANCE AND TEAINING FOR REGULATION REVIEW estimate changes in HSG resulting from effective soil drainage and lowering of the
seasonal high ground water table (SHGWT).

BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN MAY BE MODIFIED IN e ' )

APPROPRIATE CIRCUMSTANCES. Due to effective soil drainage, existing undrained A/D soils may change HSG as follows:

BACKGROUND: This procedure provides guidelines to Surface Water Permitting staff

regarding the identification of NRCS Hydrologic Soil Groups and interpretation of the SHGWT effectively drained 2 to 3 feet below land surface may change HSG from

effects or changes to soil drainage due to certain development practices. D to C;

DESCRIPTION: SHGWT effectively drained 3 to 4 feet below land surface may change HSG from
D to B;

Procedure - The NRCS classifies soils into Hydrologic Soil Groups (H5G's) according to
their runoff producing characteristics. H3G's, indicated as A, B, C and D; are used along
with hydrologic condition and land cover type in determining runoff curve numbers. H3G
indicates the infiltration rate at which water enters bare, saturated soil; and transmission
rate, the rate at which water moves within the soil. NRCS defines four H3G's as follows:

SHGWT effectively drained greater than 4 feet below land surface may change
HSG from D to A.

Cautions: The above listed guidelines are limited as follows:

. i L . 1. Changes in HSG classification due to effective soil drainage and lowering of
Group A Soils have a high infiltration rate when wet and have a low runoff the SHGWT must be justified on a site specific basis; and must be assured
potential. They are usually deep, well drained sands. perpetually by proper design, construction, operation and maintenance of

, - . : . the surface water management system.
Group B Soils have moderate infiltration rates and consist mainly of moderately g v

deep, moderately well drained and moderately fine textures. 2. Effective soil drainage and lowering of the SHGWT must be designed to
o _ o function in accordance with Basis of Review Section 3.2.1.6, Overdrainage
Group C Soils have low infiltration rates when wet and largely include soils with a and Water Conservation, and other applicable regulations.

layerthatrestricts downward movement of water, along with soils having moderately
fine to fine textures.

Cad

Only soils listed with variable HSG's (i.e. A/D, B/D) can change HSG.
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Special Definition of Soils With Variable HSG Classifications (i.e. A/D, B/D, etc.)

NUMBER: TM/ERP-970116.b1
SUBJECT: USDA-NRCS Hydrologic Soil Groups and Development Effects

PAGE: doféd

4. An effectively drained soil shall in no case be reclassified to exceed the fully
drained classification; forexample, a HSG B/D soil can be effectively drained
to become no better than HSG B.

o

Where subsurface drain tubing is used to create effective drainage in soil

containing iron, which has a high potential for plugging of subsurface drains
(by iron ochre), the alphabetically next lower H5G should be used; unless

specific assurances of proper subsurface drain operation and maintenance
are adequately provided by the land/system owner. See the USDA-NRCS
Florida Drainage Guide for soils in this category.

Conversely, filling an effectively drained development site having existing HSG A soil with
fill soil having native HSG B or lower (i.e., C or D) could cause the post-development filled
site soll to be reclassified HSG B, C or D, depending on the fill soil(s) native HSG. Such
filling should normally be avoided.

REFERENCES: 1. Chapters 120 54(8), 373.004. 373.046, 373.113. 373171, and
373414, Florida Statutes
2. Rule 40D-4 091(1), "Basis of Review."
3. USDA-NRCS, Technical Release &5, "Urban Hydrology for
Small Watersheds" - June 1986,
4. USDA-NRCS, ENG - TECHNICAL RELEASE NO. 55 -
Appendix A, June 1, 1989
5. USDA-NRCS, "Florida Drainage Guide” - October 1980.
3. LUSDA-NRCS, "Mational Engineering Handbook, Section 4 -
Hydrology" - 1964
STATUS: Reclassified and revised in format only: formerly IOF/SWP-031 and

SWP-021under similar names.

DISTRIBUTION: Executive, General Counsel, Resource Regulation Directors,
Technical Services, Processing and Records, Permit Records & Data,
Administrative Supervisors, Permit Coordinators, Central Records

AUTHOR: Charlie Miller, P.E., Chief Regulation Engineer, Technical
Services

NUMBER: TM/ERP-970116.b1

SUBJECT: USDA-NRCS Hydrologic Soil Groups and Development Effects

PAGE: 40of4

This may be an electronically distributed copy of an
original document that was signed and sealed on the
date ascribed. The original document is on file in

Technical Services, and a copy is also available in
Central Records.

(seal)

Original document was signed and sealed on 011597

Charles H. Miller, P.E.
Florida Registration No. 12205
Date:

WordPerfect® file name: TMETO118-b1-USDA-MRCS-hydrologic-sail-groups-and-development-efiects wpd
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District Training Memorandum on B/D soils

Importing HGS “A” soils over HSG “B/D” soils

to provide additional clearance from the proposed finished grades to
the historical SHGWT elevations.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
RESOURCE REGULATION
TRAINING MEMORANDUM

District
Training
Memorandum

This document is subject to change. It in doubt, verity
current status with Technical Services staff or the

author(s).
DATE: January 15, 1997
SUBJECT: TM/ERP - 970116.b1
USDA-NRCS Hydrologic Soil Groups and Development Effects
: % TO: Surface Water Managers and Staff
FROM:

Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services

THIS TRAINING MEMORANDUM MUST NOT BE CONSIDERED AS DISTRICT POLICY.
PERMIT APPLICATIONS MUST BE ISSUED OR DENIED SOLELY ON DISTRICT RULE

CRITERIA AND STATE STATUTE AUTHORITY. THE PURPOSE OF THIS DOCUMENT
IS TO PROVIDE GENERAL GUIDANCE AND TRAINING FOR REGULATION REVIEW
BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN MAY BE MODIFIED IN
APPROPRIATE CIRCUMSTANCES.
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Fluctuation of the SHGWT In
HSG “B/D” Soils

Water 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 soils
from 1977 to 1986.
Available on line at:
http://soil.scijournals.org/cgi/content/abstract/53/5/1475

Zolflo are somewhat poorly drained soils, HSG = “C”
with a SHGWT depth of 24”- 42” B.L.S.

Immokalee are poorly drained soils, HSG = “B/D”
with a SHGWT depth of 0”- 12” B.L.S.
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Fluctuation of the SHGWT in HSG “B/D” Soils
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Shallow Monitoring Well,

Embedded Ring Infiltrometer
Kit (ERIK),

Potential Pervious Pavement
Cross Sections

and Recommendations



Shallow monitoring well (for groundwater levels) at
the edge of the pervious pavement test sites

concrete
block is
used to
cover (and
protect) the
PVC well
casing.

Lsernvimesmmy’ o CEsNTiAlL 11 OIA
Stormwater ¢>

Management
ACADEMY

g
&
L - -]
T PRSP 2 S B ) & L) 7 SR SRR “je_.rx!_'!:';nrr‘ Slide #58



AutoCAD® drawing of the Monitoring Well

Insert this drawing

(when available) from
Erik Stuart (UCF)
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Embedded Rings In the pervious pavement

Outer Ring _~~ Inner Ring A Single ring ERIK

infiltrometer is acceptable

provided that is embedded
rrecom - into the subsoll as shown in
__ Figure 42 (see the next slide
.\3 for additional information).

1
[

For more information on this in-
situ infiltration monitor (ERIK),
refer to the UCF research paper
entitied “Construction and
Maintenance Assessment of
Pervious Concrete Pavements -
Final Draft”, dated January, 2007,
available at:
http://stormwater.ucf.edu/research

_publications.asp

-

o e TR e L

Figure 47: Design profile for Embedded Infiltrometer installation
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Embedded (ERIK) infiltrometer in the pervious pavement

FERWIOUS
FasWEMENT

6.-‘;"

PERWVIOUS
PAWVEMENT

FLAN VETW

TEMFOEARY FERIMETER
REING CREMOW&BLE?

& FwC COUFLINMG
(SCED 40

LUsrviitsSrmy o CENTRAL 11 -l:-m:.\_
Stormwater st
Management =
ACADEMY { |

%1 [ B—
) | .

=

http://stormwater.ucf.edu/

PERWIOUS
PAWVEMENT

r-TEMPORARY PERIMETER RING
(REMOWwABLEY

| T PERMENANT PERIMETER RING
cGLUEDY

SECTION VEIW

SUB-BASE

| " & PwL COUPLING
(SCED 40D

[T & PWL FIPE
CSCED 40

AutoCAD® drawing of
the ERIK infiltrometer,

FARENT EARTH

by Erik Stuart (UCF)

JL 4 EMBEDDMENT
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Embedded Ring Infiltrometer Kit (ERIK)

gAYy
A _f,; 4

W
it

o

3
ul,

.‘v.-\.

;= See the next slide for
the results of this test =
on 09/25/08. f

Liserviaesrmy’ oF CEsTRAl FLosmms,

Stormwater &>

Management
ACADEMY

http://stormwater.ucf.edu/
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Results from an ERIK device test

09/25/2008 2:51 pm

Lisemiesimsy’ o CEmTiiAlL FLoimig,

Stormwater ¢4

Management
ACADEMY

&

http://stormwater.ucf.edu/
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Additional Embedded Ring Infiltrometer Kits (ERIKSs)

LUserviuesiry o CEsTiAL FLOmm,

Stormwater ;L

Management
ACADEMY

“ slide #64



AutoCAD® drawing of the ERIK infiltrometer

Insert this drawing

(when available) from
Erik Stuart (UCF)

LUsSAiniesnmy ofF CEsTHAL FlLosn -
S?rm mwater ¢ @
Management -
ACADEM Y {1
k._\-? L.-=” ;

http://stormwater.ucf.edu/
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Overflow

B

. ER A
o B
b S s

LR

5. Non - Standard }-'-‘f
.+« *Rectangular Curb ;

. - e .
Lo

landscaped area, storm water pond,

Overflow to a down - gradient recessed
underground attenuation vault or outfall **

el
A .

Twelve (12) to
Twenty Four

(24) Inches

** if attenuation
is not required

Potential Pervious Pavement Cross Section #1

Vo ] | s

o o o e = = =
[ 0-0-0-0-0-0-8
: A A 2y 2y A S A N

Raised curb - to allow "nuisance™ ponding

- 2 (a secondary means of encouraging the owner to
invzclzés) maintain the pervious pavement system should the
void spaces become clogged).

R B e R e A R e b e P R ;;ﬁ\:j{t Pt i
ERVIOUS PAVE MENT”‘"“E“% ] Two (2) to Twelve
. Flatslope (0.0%) = & (12) Inches
e e 8
C:O@ -‘ ;‘ ’- FILTER
SO0 S A FABRIC

YR,
<{ )

(IF RESERVOIR
LAYER IS USED)

;
;
)

RESERVOIR LAYER -~

O YU YT T Yo ol g

W

(36) Inches

RN

Y
\\\/\\/\\\/\\ PARENT §0IL1\\<\\ \ ~Embedded Ring

K DigYis

>

DN LN T T I Infiltrometer Kit
Parent soil compacted to a (ERIK)

MAXIMUM of 92% - 95% Modified
Proctor density (ASTM D-1557).

Seasonal High Ground
Water Table (SHGWT)

Refer to previous slides for
information on the ERIK device.

Scale: None
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“Typical” curb machines*

The World's Most Popular Curbing Machine!

Mc 1 050 CI.I I'bild el'“ {Slipform Curb Machine}

SIX POPULAR PROFILES ARE SUPPLIED STANDARD WITH
THE EDGEMASTER CURB MACHINE!

EDGEMASTER is an extremely versatile concrete curb machine giving you the
ability to create a range of different landscape edging shapes, as well as install any
commercial car park work on asphalt or concrete parking areas. To change fram one
form to another takes less than a minute and you don't need to change the ram plate
when you change profiles. The six popular profiles which come standard with your
Edgemaster are shown below with their respective dimensions

v v v
—7r—p 7 —p 7 —p
I‘Q -QI—

— 7 —p —7r—p 7 —p

. Proven Most Popular since 1986
' Reliable and Versatile
. Uses the latest in technology

. Honda Gas or Electric Models

4GP

Each profile is supplied with two hand tools and each hand tool is specially designed
as right or left-handed. Many other curb designs are possible, but years of
experience have taught us that the profiles shown above are the most practical in
size and shape and most importantly these curb designs are easy to install
Edgemaster curb equipment is state-of-the-art and leads the curbing business with
innovation and precision

http://Iwww.edgemaster.net/extrusion.html
* This mention does not constitute an
endorsement of product.

To save $$%, many site contractors prefer to
utilize extruding curb machines in lieu of hand
forming & placement. . S

http://www.millerspreader.com/1050Main.html
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FDOT design standards (index drawings), available at:
http://www.dot.state.fl.us/rddesign/rd/RTDS/08/2008Standards.htm
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Optional Two (2) inch

curb cut [ dis charge
B weir to down-gradient
recessed lands caped
area, storm water pond,
. underground
oo attenuation vault or
o nutlall

Six (6) inches

= RESERVOIR LAYER 3

B Dl gle Pl U
x.:.:.

-, TYPE'D"Curb -} *
FDOT Index #_3po

RECESSED
LANDSCAPED AREA

ok .
o - -
L. b

: ‘--------w-----@-’ +

: = - ’ o =
e e ‘..ﬁ

.ur.

//\//PABEN:I' SOIL //\/

pe——— Raised grate - to allow "nuisance”
ponding (a secondary means of
encouraging the owner to maintain

Two (2) inches the void spaces become clogged).

To minimize tripping hazards,
taper the pervious pavement to
the top of the safety grate.

|||||||||||||||||||
a‘&u poiid

Two (2) to Twelve
(12) Inches

FILTER

(IF RESERVOIR
LAYER IS USED)

Zero (0) to
Thirty-Six
(36) Inches

5 So=)
:; -y ol =
@ .
[

!,

’CZ?
ISESPSP=|
N

G

Y

ERIK device NOT
shown for clarity

Parent soil compacted to a
MAXIMUM of 92% -

Twelve (12)to] -
Twenty Four
(24) Inches

Seasonal High Ground
Water Table (SHGWT)

95% Modified
Proctor density (ASTM D-1557).

To down - gradient

TYPE "F" Ditch

Bottom Inlet,  Outfall storm water pond,
: - Underground

FDOT Index Plpe attenuation vault or

#233 outfall **

* Refer to general note #1 on index #233
for additional information regarding
pedestrian and bicycle traffic.

** if attenuation is not
required

Potential Pervious SPalvement Cross Section #2
cdale.

None

the pervious pavement system should

ERIK device NOT shown for clarity.

FDOT design standards (index drawings), available at:
http://www.dot.state.fl.us/rddesign/rd/RTDS/08/2008Standards.htm
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“Flush” Non — Standard Rectangular Curbs

along the edges of the portland cement * pervious pavement sections at

* This mention does not constitute an
endorsement of product.

Lisnviaesimy of CEsial 1 mun_ | w
Stormwater ¢ >4 £
Management .
ACADEMY [
&

%)

http://stormwater.ucf.edu/

I -
|

the UCF Engineering Field Lab

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

As noted on a previous slide, many site contractors
prefer to utilize extruding curb machines in lieu of
hand forming & placement (to save $$$). ¢4, 470



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

4 o i _ _— P * This mention does not constitute an
-._. T 5 Sl x )f . B

LSSy ofF CENTRAL FLOmI .
en d orsement ())‘ pro r.'i-f uct,

? Stormwater & !Lgf
Manaﬂemem .

| MacaBemy [ ‘Note: the UCF perv. pvm
' & [ sections have no slopes.

i b
http://stormwater.ucf.edu/ y e
\ / " - & ‘(:‘1 3 m ey

e “NU Ce” \

pondlng area
\ roogmomee )
Slope to the center of the parklng
_area to aIIow “nmsance” pondlng

22000 S 2 4

(seeThe next sllde for a poténtlal cross sectlon sketch) o
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Slope to center of Parking area to allow "nuisance” ponding *
An an option, a FDOT Type "F" DBI ** [with a two (2) inch high raised grate] can be utilized to allow overflow to a down
gradient storm water pond, underground attenuation vault or outfall ***

.

Overflow to a recessed
landscaped area

' (P (P (P (P = (e
e edh e e« .‘
T 2y A A A A ]

——————————
\\\// (A pARENT éou_/\//\\\

Twelve (12) to N TN NS P

Maximum Slope of 1/8 inch per foot (1.04167%)

'—Two (2) Inch Max.

- J‘ Two (2) to Twelve
& (12) Inches
. FILTER
- FABRIC
- (IF RESERVOIR
.. LAYER IS USED)
% Zero (0) to
'. Thirty-Six
% (36) Inches
|

s

R

— Embedded Ring

(X
| Infiltrometer Kit (ERIK)

Twenty Four
(24) Inches

Parent soil compacted to a
MAXIMUM of 92% - 95% Modified
Proctor density (ASTM D-1557).

Seasonal High Ground
Water Table (SHGWT)

* A two (2) inch maximum depth should be
specified for public safety concerns,
especially if the "ponded” storm water is
within a traffic access way.

**If a Type "F" DBI is used, refer to general
note #1 on index #233 for additional
information regarding pedestrian and
bicycle traffic.

“** if attenuation is not required

Potential Pervious Pavement Cross Section #3

Scale: None

http://www.dot.state.fl.us/rddesign/rd/RTDS/08/2008Standards.htm

FDOT design standards (index drawings), available at:
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Recommendations — pervious pedestrian walks &
bicycle paths

s s &

= For water quality credit on HSG = “B/D” soils (SHGWT depth of 0” to
12” 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
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.

= Unless there are public safety concerns, slopes should not be an issue

for pervious pedestrian walks & bike paths.
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Proposed Requirements — pervious pavement
parking lots and access drives

= Consider these types of applications as dry %

“retention systems” for up — gradient treatment
train credit.

Pervious Pavement
“Design Aid”
US PAVEMENT DESIGN AID: | cuick Here To sTanr [ ™15 1% A DRAFT CCCURENT SURJ

= For water quantity credit (Curve Number ! o
(CN) or Rational “C” coefficient computations) i T
the SHGWT shall be greater that 24” below the '

‘E.I'L“

ZZZZZZ
nnnnnn

/A
(@110 Farty Elgnt
—
——

bottom of the pervious pavement system). fEsesEResl ||

FFFFFF
Ri

Seasonal round Water Table (SHGWT)

Figure 1:
Typical Pervious Pa nt Cross Sec!

= A mounding analysis will be required to —
demonstrate that the Required Treatment E,; —
y

Volume (RTV) shall recover (to the bottom of
the pervious pavement system) within sevent
two (72) hours, with a safety factor of two (2.0)

This “Design Aid”
will be discussed
later in this
presentation.
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The Basics of

Pervious
Pavement

Construction
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Pervious concrete* parking lot installation at the Florida Concrete Products

e |- Aggociation (FCPA) facility in Orlando, Florida

Forming

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #76



Pervious concrete* parking lot installation at the Florida Concrete Products

cntmemen e Association (FCPA) facility in Orlando, Florida

Placement & Screeding

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #77



Pervious concrete* parking lot installation at the Florida Concrete Products

cntmemen e Association (FCPA) facility in Orlando, Florida

Screeding & Rolling

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #78



Pervious concrete* parking lot installation at the Florida Concrete Products

cntmemen e Association (FCPA) facility in Orlando, Florida

Cross Rolling Screeding & Rolling

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #79



Pervious concrete* parking lot installation at the Florida Concrete Products

e e Association (FCPA) facility in Orlando, Florida

Scoring & Curing

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #80



Pervious concrete* parking lot installation at the Florida Concrete Products

cntmemen e Association (FCPA) facility in Orlando, Florida

Photography provided by Deep Tu, P.E. at the Florida
Concrete Products Association
http://www.fcpa.org/ Slide #81



Florida Concrete* Products Association facility in Orlando, Florida

* This mention does not constitute an

endorsement of product. h tt p - //WWW. fC p a.0 rg/

L2 UNVOT R RS i s e 9105 Al

Finished Installation
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Florida Concrete* Products Association facility in Orlando, Florida

endorsemont of rodue " http://www.fcpa.org/
RINC At SPralt Pervious pavement
Roadway parking lot & driveway
= \

v -
" Standard Class | concrete driveway
Standard Class | N - entrance for frequent vehicle turning
concrete driveway N 9 movements
entrance for frequent R :
vehicle turning a L — T
!:n/ovements g — b 5
/ p— e
//“ W RS 4
2222008 11:20 am .- 04/22/2008 1{

Finished Installation
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UCF Engineering Field Lab visit 11-09-07

Standard
Class |
concrete
pavement

- driveway entrance
with frequent
vehicle turning
movements

E!'Illigl' *

MATERIALE"

Pervious
Pavement

@ FLEXI- PA{;E

Flexi ™ _Pave * Instal Iation Demonstration at * This mention does not constitute an

. . . § endorsement of product.
UCF Engineering Field lab site.
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UCF Engineering Field Lab visit 11-09-07
e

— — =

l" If ¥,
e R kiR
ey R
ey e i

Wertical Flcu-‘l

p ¥, ‘ Figure 42: Design profile for Embedded Infiltrometer installation

For information on this in-situ infiltration monitor, refer to the UCF research | « 7y mention does not constitute an
paper entitled “Construction and Maintenance Assessment of Pervious endorsement of product.

Concrete Pavements - Final Draft, dated January, 2007 “, available at:
http://stormwater.ucf.edu/research_publications.asp Slide #85




UCF Engineering Field Lab visit 11-09-07

Installation
contractors of
Flexi™-Pave * must
be certified by the
manufacturer

(K.B. Industries, Inc.).

@ FLEXI- PAJE

www.kbius.com

Raw materials

" <« stockpile.

. 11/09/2007 10:27 am
% ¢

| T, )5

NTeCh ol WA L7 )

* This mention does not constitute an

FIexiTM _Pave * Insta"ation DemonstratiOn at endorsement of product.
UCF Engineering Field lab site.
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UCF Engineering Field Lab visit 11-09-07

Installation
contractors of
Flexi™-Pave *must
be certified by the
manufacturer

-----
----

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

@ FLEXI-PAVE

www.kbius.com

........
------
.....

operation
for the raw
" materials.

* This mention does not constitute an

Flexi™-Pave * Installation Demonstration at|............of »odue

UCF Engineering Field lab site.
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UCF Engineering Field Lab visit 11-09-07

Installation
contractors of
Flexi™-Pave * must
be certified by the
manufacturer

(K.B. Industries, Inc.).

/ *
F) FLEXI-PAVE

www.kbius.com

* This mention does not constitute an
endorsement of product.

.p,a.

:.?4 f’“’ ;’m
FIexiT""-Pave * Installation Demonstration at
UCF Engineering Field lab site.
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UCF Engineering Field Lab visit 11-09-07

Installation
contractors of
Flexi™-Pave * must
be certified by the
manufacturer

(K.B. Industries, Inc.).

- FLEXI-PAVE

www.kbius.com

Flexi™-Pave * Installation Demonstration at
UCF Engineering Field lab site.
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UCF Engineering Field Lab visit 11-09-07

Installation
contractors of
Flexi™-Pave must
be certified by the
manufacturer

(K.B. Industries, Inc.).

*

2 FLEXI-PAVE

www.kbius.com

* This mention does not constitute an
endorsement of product.

&y
SF PN A §

Flexi™-Pave *Installation Demonstration at
UCF Engineering Field lab site.
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Additional Pervious Pavement System Installations

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

http://www.kbius.com

* This mention does not constitute an
endorsement of product.
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Current & Ongoing
Pervious Pavement
Research

at the UCF Stormwater Management Academy.
3 o Ly N l".. iy
Stormwater ¢

@
Management s /)

ACADEMY {]

St

Lsnaussmmy O CEsTrAL FLOmn

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



Location - Stormwater Academy
Research Laboratory at UCF,

adjacent to the erosion & Sediment Control Lab and Rainfall Simulator

Pervious

| Concrete* E

09/16/2008 7:17 am

" "UCF Rainfall Simulator

; Y (B
http://stormwater.ucf.edu/ Slide #93



Types of Pervious Pavements *

Pervious Concrete

Flexipave 1500

Pervious Pavers 8 desiE 660, 600

i
i 5 I*— b
ol iy

Porous Asphalt

* This mention does not constitute an
endorsement of product,
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Pervious
Pavement

l-'\'l':n'l Ty O 1 .'-.'|1:.*-.I.I=|-|_'r|--eu1r~. ) - =
Stormwater ¢ & }

Management *%
ACADEMY I ]

=

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



Pervious Concrete * Design Section

COMCRETE CLIREE
0-&* HEIGHT ABOWE PAWEMENT &* PERWIOUS COMCRETE

\ 7 =LOPE

ADJACENT LAMDECAPIMG COMPACT SLUBGRADE TO 2353
MODIFIED PROCTOR <ASTHM L-15573
IN ACCORDANCE “WITH
GEOTECHNWICAL EMGIMEERS
RECOMMENDATIONS

TYFICAL PEEWIOUE COMNCEETE PAWEMENT SECTION
MN.T.%,

“ This mention does not constitute an
endorsement of product,
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Pervious Concrete * Pavement

* This mention does not constitite an
endorsement of product,
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Pervious Concrete* Pavement

* This mention does not constitute an
endorsement of product,
Slide #98




Infiltration Rate of Pervious Concrete Pavement

*

*ﬁ

=-0.0253x + 13.956
R2 =0.0957

Slide #99



Flexipave™ *

* This mention does not constitite an
endorsement of product,




Flexipave™ * Design Section

6” WIDE REINFORCED CONCRETE
CURB (FLUSH W/PAVEMENT>

(2> =4 <-EAR

ONE TOP, ONE BDTTDMﬁ\\\q

1 e e e

a

2

4

9

9

a

9

ADJACENT LANDSCAFPING

SWLAER DRIVEWAY

/

COMPACT SUBGRADE TO 92-957%
MODIFIED PROCTOR (ASTM D-1337>
IN ACCDQDANCE WITH

,,,,, CENZCAL ENZINEER'S
RECDMMENDATIDNS

FLEXIPAVE SECTION

N.T.S

* This mention does not constitute an
endorsement of product.

2’ FLEXIPAVE
47 #5357 STONE

107 FILL
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Flexipave™ *

* This mention does not constitute an
endorsement of product,
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Flexipave™ *

* This mention does not constitute an
endorsement of product,




Flexipave™ *

* This mention does not constitute an
endorsement of product.
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us Brick Pavers *

* This mention does not constitite an
endorsement of product,
Slide #105




Pervious Pavers * Design Section
with Stone Reservoir

6" WIDE REINFORCED CONCRETE
CURB (FLUSH W/PAVEMENT)
(P =4 <E3AR

7s P
ONE TOP, ONE BOTTOM Aj\\\q 4Jl“§£Q‘E‘*

P e oo . g e et e o e e e e °
BRI 4"
:M:M:‘M:M:M:MﬁM:M:M @
=M = E

ADJACENT LANDSCAPING

y

COMPACT SUBGRADE TO 92-957%

MODIFIED PROCTOR (ASTM D-1337>

IN ACCORDANCE WITH
GEOTECHNICAL ENGINEER’S

jEﬁil\A\/ N VATIIIN
NC U v LI

SWLAB DRIVEWAY BRICK PAVER SECTION <w/ ROCK RESD

N.T.S

endorsement of product.

* This mention does not constitute an

BRICK PAVER
PEA-ROCK

#57 STONE

#e STONE
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Pervious Pavers * Design Section

without Stone Reservoir

6” WIDE REINFORCED CONCRETE
CURB (FLUSH W/PAVEMENT)
(2) =4 KE3AR

ONE TOP, ONE BOTTOM

~

0% SLOPE

| e e e e

4

@

g 4

o T A B A T s o s s A o 7
D@D@@@D@D@@@@@@D@DDO@@@

\ADJACENT L ANDSCAPING

Dx\\¥7CDMPACT SUBGRADE TO 92-957%

MODIFIED PROCTOR (ASTM D-13357/>
IN ACCORDANCE WITH
GEOTECHNICAL ENGINEER’S
RECOMMENDATIONS

SWLAB DRIVEWAY BRICK PAVER SECTION

N.T.S.

* This mention does not constitute an
endorsement of product.

3//
8 ”

4//

7//

BRICK PAVER
PEA-ROCK

#e STONE

FILL
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Pervious Brick Pavers *

* This mention does not constitute an
endorsement of product,
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Pervious Brick Pavers *

* This mention does not constitute an
endorsement of product.
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Water Quality Sampling

| w———
/ ]
- ._,~
T

i




Porous Asphalt * Pavement

X I _- _'
28 ¥ This mention does not constitute an
W88 endorsement of product.

WPy
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Porous Asphalt * Design Section

6” WIDE REINFUORCED CONCRETE
CLR2 (F_LS- W/PAV-N=N

(2> #4 REBAR 0% SLOPE
ONE TOP, ONE BOTTOM \4
S / 4”7 POROUS ASPHALT

ﬁ!ﬁ@ﬁ@ﬁ!ﬁ@ﬁ!ﬁ!ﬁ@ﬁ@ £ SOTOSOSOSOSOT DDQ%O DQC%D SO0 D%%% 4”7 #57 STONE
— == = = == =] =1 )
== EEEEEE 8” FILL
— =TI

ADJACENT LANDSCAPING \CDMPACT SUBGRADE TO 92-95%

MODIFIED PROCTOR (ASTM D-12557>
IN ACCUORDANCE WITH
GEOTECHNICAL ENGINEER’S
RECEMM-NDA ] NS

SWLAB DRIVEWAY POROUS ASPHALT SECTION
N.T.S.

* This mention does not constitute an
endorsement of product.
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Porous Asphalt * Pavement

* This mention does not constitute an
endorsement of product.
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Porous Asphalt * Pavement
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Load lesting
for Structural
Faillure

LNninismy OF CENTRAL FLORIDA,
Stormwater ;84
Management =
ACADEM Y 11

S 2
=

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



Load Testing for Structural Failure

Lismvitiesimy' O CesTial [ CII.II!.'\;

Stormwater ¢ x4

Management
ACADEMY

Slide #116



Load Testing for Structural Failure

Usinvisesimy oF Cesmmal. FLomms,

Stormwater ¢

Management
ACADEMY

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

LSSy OF CENTIAL Lo
Stormwater &>
Management %
AcADEMY [
i & (B

http://stormwater.ucf.edu/

Turning movements under heavy wheel loads
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Load Testlng for ‘S%tqructural Failure

I ‘ L3 3 =

Lisriaesrry’ o CENTHAL 1 -Dlulu_
Stormwater ¢ »
Management
ACADEMY
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Load Testing for Structural Failure

'5' ol T » - .- 3 L. - 3 ¥ " 'a'\.-'i 2.
BTN AR i’ o Wi 3 PR
g ¢ v

o= > ‘ . -~ ’ b . .
e ) ; put VO P ; . = . Usnvinsy o CENTRAL FLORDA
- - . X Y . \

Stormwater ;x4

Management
ACADEMY

N

[ D _
b~

2

http://stormwater.ucf.edu/

Premature structural failure of the pervious pavement surface
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Load Testing for Structural Failure

UnivErsy o CENTRAL FLomina

Stormwater &> =

Management
acaDemy [

[ D _
By

http://stormwater.ucf.edu/

‘J‘ ,‘_l & o 5 e ; . y ;,‘.." "

" Aty ta CR

Premature structural failure of the pervious pavement surface
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Load Testing for Structural Failure

tutralf ure of the ipavem

-

UnivErsy o CENTRAL FLomina

Stormwater ¢

Management
ACADEMY

_ff (B>

http://stormwater.ucf.edu/

=
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Load Testing for Structural Failure

UnivEnsmy o CENTRAL

Stormwater &

Management
ACADEM

http://stormwater.ucf.edu

Premature structural failure of the pervious pavement surface
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Sediment Clogging &
Rejuvenation Studies
with sandy soils

Llssrviaasimy O CENTRAL FLORINA ﬁ
Stormw ater¢ @
Man 1u._ ment
ACADEM Y N J

"."ll .
s

http://stormwater.ucf.edu/



Rejuvenation Studies

Sediment (sandy soil) was spread (1-2 inch of
poorly graded sand) on top of the pavement
surface

Wet and compacted with Bobcat

Conducted vacuum sweeping using Elgin MV
Truck — 3-4 passes with some overlap

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

Measure infiltration rates pre and post-cleaning
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Rejuvenation Studies - Wet

Some of the studies were conducted on saturated
pavement surfaces (PCRS)

Surface wetting hindered the dislodging of
particles due to suction forces

Water was sprayed at 80 gallons/min until
pavement was saturated and runoff occurred

Surface was then vacuum swept
Pl-

It was noted that rate decreased after wet tests
indicating finer particles may have migrated
deeper and water was preventing the suction of
these particles
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Deliberate clogging of Pervious Concrete *

* This mention does not constitute an
endorsement of product,

USivERSITY OF CENTRAL FLORIDA,

Stormwater &>x

Management
ACADEMY
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Deliberate clogging of Flexi-Pave ™ *

Stormwater &

Management . Lt _ : '
ACADEMY Sl * This mention does not constitute an

ndorsement of product.

Slide #128




Deliberate clogging of Pervious Pavers *

* This mention does not constitute an
endorsement of product.,

USvERSITY OF CENTRAL FLOmDA
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Deliberate clogging of Porous Asphalt *

Usirviensimy o CENTRAL FLORIDA,

Stormwater S84
Management -
ACADEMY
* This mention does not constitute an |
endorsement of product,
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Adding Insult to Injury

by wetting the contaminates over the pervious pavements

"!MD_HE!' = Reer g d, K i X 5',, —3
3 Lagh b X - WL, i . F o 1 . b ;

+ 4
BIEF BN Laoic e

o K" N e > - -
(O dur g e » 1 y ! ‘ : g <
[ —" - . i | P ¥
- K ; o
|

USivERSITY OF CENTRAL FLORIDA,

Stormwater x4

Management
ACADEMY
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Adding Insult to Injury

by compacting the wetted the contaminates over the pervious pavements

UsrvEnsrTy OF CeNTRAL FLOmD, : ' 3 . 2 e D o < e “"‘_;v:“;-*w P ":::- =
% - ” s N - > =
Stormwater ¢t e = -~

Management . Y - % ' D
ACADEMY J , o i TR : S : 7 S e s

—~ > y * oy o B N
- ¥ Er z < s = e % VA =
= £ - -':4_ : i : ‘ -
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Final Surface Ready for Testing & Sweeping

i e g TR 138

et uhmri—-

USIVERSITY OF CENTHAL lﬁ.ﬁmﬂ

Stormwater &
Management

CADEMY

. 1__-.- "
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ERIK Testing prior to vacuum sweeping

—

LUsirvisesmy o Crsirial., Frorns,

b4

Stormwater AN
e =1

Management %

ACADEMY |
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Typical Vacuum Sweeping Truck

Uiy o CenTAL FLOmng
Stormwater >
Management .
ACADEMY N |
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“DRY” Vacuum Sweeping Operations

USivERSITY OF CENTRAL FLORIDA,

Stormwater &»

Management
ACADEMY
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“DRY” Vacuum Sweeping Operations

USivERSITY OF CENTRAL FLORIDA,

Stormwater

Management
ACADEMY



“Dry” Vacuum Sweeping Disposal

/,’,_“l.

/

T it S B

USivERSITY OF CENTRAL FLORIDA,

Stormwater x4 hg

Management -
ACADEMY [ 5. 3 | .
= : -l E_i_-: ; : oy &4 o ol
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Visual Results After “DRY” Vacuum Sweeping Operations

Penﬁous
Brick Pavers

—=ECrvigas
Brick Pavers _—

'f;Pennous

LSivEssITY OF CENTRAL FLORIDA
(.

Stormwater &>

Management
ACADEMY
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“Wet” Vacuum Sweeping Operations

Management
ACADEMY

USviiesiTy OF CHNTRAL FLOIDA _:-.l‘.--'}
bt(_}rmwat{:r:J';T-x._v_ A)

Fl
=
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“Wet” Vacuum Sweeping Operations

&

USivERSITY OF CENTRAL FLORIDA,

Stormwater &7

Management
ACADEMY




Visual Results After Initial “Wet” Vacuum Sweeping Operations

USvERSITY OF CENTRAL FLOmDA

Stormwater ¢

Management
ACADEMY




“Wet” Vacuum Sweeping Disposal

i

o8l N

A AT

¥—

]

USivERSITY OF CENTRAL FLORIDA,

Stormwater &»

Management
ACADEMY

J ’

& Lﬁ;
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Rejuvenation Results of Pervious Concrete * Pavement

* This mention does not constitite an
endorsement of product.

14" ERIK Rejuvenation PCRN

35.0

30.0 Q—

£ 250
)
©
(14
[
15.0 |
10.0
5.0
0.0
1/23/2008 2/2/2008 2/12/2008 2/22/2008 3/3/2008 3/23/2008 4/2/2008 4/12/2008

LisnviEssmy oF CeNtial Fl ﬂl.l.ll'lq
Stormwater o8t
Management
acabemy [ ]
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Rejuvenation Results of Pervious Concrete * Pavement

-0/0253x + 13.956
2=0.0957

Usnvissmy oF Cenmial. Fuosuns, "' )

Stormwater >l

Management 4
ACADEMY |
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Rejuvenation Results of Pervious Concrete * Pavement

y =-0.3753x + 34.¢
R2 = 0.5803

LSy O CENTRAL FLOMDA

Stormwater Sl

Management
ACADEMY

Slide #146



Sediment Clogging &
Rejuvenation Studies
with silty fines
(Ilmerock)

ISITY OF CENTRAL FLORIDA
%tm m‘w ater¢
Man 1L,f._ ment ©

ACADEMY "

. L
s

http://stormwater.ucf.edu/



Deliberate clogging of Porous Asphalt *

LUsirvissmy o Crsmral -Dll-ll’.\_
Stormwater &
Management
ACADEMY

\

* This mention does not constitute an
endorsement of product,
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Deliberate clogging of Porous Pavers *, Pervious Concrete * and Flexi-
Pave™ * with limerock (subsequently crushed and compacted)

1™

L

LUsirvisesmy o Crsirial., Frorns,
[

Stormwater ¢

Management
ACADEMY

2 ,."\54;
: R =
- ; - X - = 2 £ -‘ ., - -'
ﬁ__‘:, r - .-. - : R

e

* This mention does not constitute an
endorsement of product,
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Adding Insult to Injury

by wetting the crushed limerock over the pervious pavements

LSSy oF CHNTRAL 1 A, .:;;..- ¥ : /

Stormwater At _

Management . U
ACADEMY [

| / : :
&Nl [ B~ [ . Rt
A ; ms:%‘-r :
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Adding More Insult to Injury

Tropical Storm Fay (about 14” of Rain in 48 hours) during August, 2008

USivERSITY OF CENTRAL FLORIDA,

Stormwater &»

Management
ACADEMY
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Adding More Insult to Injury

Tropical Storm Fay (about 14” of Rain in 48 hours) during August, 2008
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“Wet” Vacuum Sweeping Operations

LSy o Crsirial, Frorns,

Stormwater é>x

Management
ACADEMY
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“Wet” Vacuum Sweeping Operations

USivERSITY OF CENTRAL FLORIDA,

Stormwater &>x

Management
ACADEMY
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“Wet” Vacuum Sweeping Disposal

USivERSITY OF CENTRAL FLORIDA,

Stormwater &»

Management
ACADEMY
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& Lﬁ;
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Visual Results After “Wet” Vacuum Sweeping Operations
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Add the Rejuvenation
Results (infiltration rates)
here when they become

available from the UCF
Stormwater Academy

UssniiiSimy o CENTIRAL FFLORIDA .
Stormwater > L j
Management ,
ACADEMY
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Excel® “Design Aid”
Examples for
Pervious Pavement

Using Beta Version 1.03 dated 09/29/08




The Excel® “Design Aid” is available from the following URL.:
http://www.dep.state.fl.us/water/wetlands/erp/rules/stormwater/rule_docs.htm

Statewide Stormwater Treatment Rule Development Documents

TAC Meeting Minutes and Presentations
TAC Meeting Locations and Topics

TAC meeting, November 12, 2003
» Motice PDF (27 kb)
» Agenda PDF (36 kb)

TAC meeting #6, October 1 & 2, 2008
MNotice PDF (2? kb
» Agenda PDF (55 kb)
® Minutes PDF (175 kb)
» Wet Detention Systems Presentation PDF (856 kb)
» | egacy Pollutants and Altered Hydrology Issues PDF (525 kb)
®* Urban Redevelopment [ssuss PDF (5391 kb)
» Impacts of Natural Communtities Monitoring Data PDF (561 kb)
# TAC Comments
» Devo Comments on Redevelopment, Altered Hydrology and L egacy Pollutants PDF (108 kb)
B Deycu Comments on Clt:ler'l S”ales Desmn Criteria PDF (67 kb)
riteria PDF (132 kb)

Perv!ous Pavement Desiqrj Aid Excel (490 kb)

== ) FL) L TD
» Stormwater Reuse PDF (4.6 mb)

» Natural Communities Monitoring Project PDF (9.6 mb)

» Karst Sensitive/Ground Water Protection Revisited
» Karst Sensitive Area Recommendations PDF (10.4 MB)
# pguifer Vulnerability PDF (10.4 MB)

* TAC Comments
» | ID Recommendations PDF (128 kb)
» Deyvo Seereeram Reuse Comments PDF (195 kb)

TAC Meeting #4, July 9, 2008

®» Agenda PDF (34 kb)

®» Summary PDF (85 kb)

#» Minutes PDF (116 kb)

» Wet Detention Issues Presentation PDF (526 kb)

» \Wet Detention Systems Presentation PDF (853 kb)

® Use of Wetlands for Stormw ater Treatment Presentation PDF (1.0 mb)
» Methodology List of Issues (rev 07/08) PDF (24 kb)

®» Karst Sensitive/Ground Water Protection Issue Paper PDF (48 kb)

®» Wet Detention Ponds Issue Paper PDF (13 kb)

# TAC Comments
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Universiny of Stormwater Mz
Central
Florida

Tuly 26, 2008

Technical Memorandum: Retention for Pollution Control and Estimated
Runoff for Flood Control as a Function of the Maximum Water Storage
Capacity of Pervious Pavement Systems

The objectives of this report are to demonstrate and present data i support of celoulations for pervicus pavemesnt
systems that areused to satisfy the mass removal pellution objectives of the Statewide Stormwater Bule and to
further expend pervious pavement design for floed contrel.  The design procedure must start with 2 kmown retention
veolume needed for annual pereent removal effectrvensss and it is understoed that it can be obtzmed for any arez m
the Statz. Thenit is postulzated that the design of the pervious pavement section can be specified to zchisve the
annual pollution effactivensss zs well as the reduction m nneff velume.

Pollution Control Effectiveness

Itis mportant to emphasize or repeat important facts related to the defmition of pervious pavement systems. First 2
parvious pavement system is defmed 25 the pervious pavement and the reserveir, if one sxists. Next the datz and
results reported m this memorandum zre goed for pervious pavement section mstellation completed by certified
contractors. Next, the permeshility of parent soils and reservor materials mest 2 required storage recovery time.

Allmaterizls and depth of each used withm the reserveow and the pervious pavementmustbe specified to estimate
the storage within the system. The depth to the sezsonzl high water table must slso be specified.  Typically when
the pervious pavement system storags exceads 1.135 mehes and the rat= of mfiltvation through the section s grezter
than 1.5 mches per hour, the system will function on 2 yearly basis to remeve 8094 or better of the rzmfall for the
zverageyear. This is shewnm Figure | for various maximum storage capacities. The assumptions on parent znd
zquifer conductivity werslimitmg ones encountered in szmpling existing systems (Wanielistz and Chopra,
Hydrzulic Performanes of Pervious Conerste, BD321-02, FDOT, 2007).

InFigurs | provided are zddimonal estimates of average snnual ramfsll removal 25 2 function of miltration rates.
As an example, if the limitmg rate s 3 inches per hour and the storzgeis zbout 1.7 mches, the average annual
removal is 93%. The limitmg mfiltration rate must be determmed using an Embedded Rimg Infiltromster Kit
(ERIK). Testmgofpervious pavement sections to date has shown that the rates of mfiltration de commenly excesd
3 mches hour.

The znnual mass pereent reduction shown m Figure | 25 2 fimetion of system (surface mezsured midtration rate) did
net significantly change with merszsed storage sbove 2.2 mehes. Thus additionsl sterage sbove 2.2 mehes doss not
zffectthe annual mass reduction 2t any of the limitmg mfiltration rates shown m Figure 1. However, additionzl
storage does affect the velume of sterzge withn the pervicus pavement system and thus the amount and rate of

rumoff from the pervious pavement section.

There zr= many combmations of pervious pavement and reservor matenials and depth that can achisve many storage
values shove 2 mmimum storzge of 030 mches usedm Figur= 1. As one example, pervious pavement at 2 depth of
& mches withno storage reservoir typically holds .90 mches. Other designs specify reserveir depth or mersased
pavement thickmess to support high traffic loads and thus storage has been estimated atup to 6§ mches. The ussof
Figure1 15 considered valid for 2l practical pavement and reserveir depths. The additionz] storage affects the nmoff
velume and thus thers is 2 rade-off between the storage within the pervious pevement system and the storageof
water off-site of the pervious pavement that is used for flood contrel.

Mimmapement Acad

Central
Florida

For a 2-inch or 4-inch thick pave ments

Percentage Retention as a function of 5" walue
[ =) pavement thickness) = (pavement porosiy) =(Septh of soll laper up fo BT = (sall perostyl]
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Aquier :or-:l.c:Jn'ty =016 infhr

A=zymefinns e
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Figure 1. Average Annual Removal Mass as a Function of Surface Infiltration

The Value of Pervious Pavements for Flood Control Using a Design Storm

Asnetad, 2 pervious pevement section can beused to reduce floed control storage volume needed off-sitz of the
pervicus pavement, thus the importanes of caloulating nmeff velume from pervious pavements resulting from 2
design storm. In addition, that nimeffvolume can be determmed from the ramfsll excess formulas of the curve
number method and the ratic of rainfall excess to ramfall volume. The nnoff coefficientis defmed 2s the ratio of
ramfall exeess to precipitation. The goveming squations ars:

F.amfall Excess (m) E=[P-0.2587"2PH 858]
Maximum Storage (in) 8= [1000/CN]-10 and CN=1000/8+10)
Funeff Cosfficient C=R.P

Figure 2 dlustrates the best mathematical fit relationship between the nimeff coefficient and the maxmum storage of
water in 2 pervicus pavement system given a ramfall design velume. Thus for various sections of pervious

-
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Stormwater M anagement A

C ( 1111 11
Florida

pavement systems which meludes the pavement and the reservoir storage, the nineff cosfficiznt can be determmed
for 2 design storm velume, Similar curves can be developed for other design ramfell depths.

Runoff C oefficient foran 8.6 inch Design Storm

k-2
[k \

\ Cc=08512e"""F
o R -ponod
o
[l \
PE \\
L \\—

=8 <

Funoff Conflalent

QU0

L= I £ 1 E3 10 12 14 18
Maximum Pervious Pavement & sfem Borage (Inches)

Figure I, Runoff Coefficient Curve for Pervious Pavements as a Function of Storage
and for an 8.6 inch Design Storm Event.

Example Problem

To tllustrate the useof Figurss | and 2, consider zn arez m the State of Florida whers retention of 2.5 mches is
needed for 2 specified mass loading reduction. For this example, a design section is specified that iz 2 6 inch deep
pervicus pavement with water heldmg capacity of 0.15 mch perinch depth, and 2 reservoir that is 3 mches deep
with 2 water holding capacity of 0.2 mch per inch depth. The seasonal high water table iz 24 inches below the
reservetr. Thersserveir can recover withm the stated time peried. The water holding capacity of the section is 2.3
mches (0.9+ 1.6). This storage capacity with parent and aquifer conductivities 15 sufficientto capture at least 80%%
of the annuzl rzmfall and the pellution mass 2t 2 mmimum 1.5 mches perhour mfiltration rate, znd over 3% 2t 2
limiting mfiltration rate of 3.0 mches per hour (322 Figure 1).

The nunoff coefficient for an 8.6 mch storm event and 2.5 inches of storage (Figure 2) is estimated at over 0.70 and
caloulated using the formulz 2s 0.72. Thus 72% of 8.6 inches is nmoffor .19 mehes. Mostpervieus pavement
sections are d“iiE‘ﬂ“ﬂ for greater smragﬂ because of greater depth of the reservodr, or thicker pervious pavements,
thus less ramfall excess results for 2 design storm. Forthis example pavement section, if thers were 2n additional
12 mches of reservoir storage at 0.20 mch of storage per mch depth (20 mch deep reservoir), the resultmge storage
would be 4.9 mches. Thus the nmoff coefficient would be reduced to 0.533 mnd nmoff velumeto 4.73 mches.

Stommwater I

Linivieersil i1l "-_-_L.-h ﬂ::::t'll
Florida

Other Considerations

Bamoffvelumes can be caloulztad using the Curve Number Methed. The curve number is caloulated divectly from
the maximum storageusmg CN=1000 [S 10). For 2maxmum storage of 2.5 and 4.9 mches 23 m the eaamplﬂ
problem, the Curv e Numbers zre 30 and 67 respectively.

The nuneff velume caleulation rﬂqui.rﬂs an assumption of mitial abstraction. The mitial abstraction used is typically
setat 20% ofthe totzl storage, and 20%: was assumed m the development of Figure 2. As zdditional sxperimentzl
datz are obtained, the t*.'pn.al valuemay be verified or 2 new mitizl shstraction may be recommendad.

Frequent infiltration tests using the ERTK zre being conducted at the UCF Stormwater Manzgement Academy
lzbotatory to further document the hydrologic operations of frve different pervious pavements systems. These tests
melude the loading of the pervious paw ement sections with sand, limestone, and debris. The mfiltration rates are
measurad with the ERIE device before and after loading. When completed, results of these tests will be published
zs another technica]l memorandum.

The amount of water stored in the pervicus pavement system is estimated from the storage voids within the pervious
pavementsections. After the pervious system is loadsd with sand, limestons, and debris, the sustamable water

storage capacities will be determined for ezch material based on the extreme soil and debris loadmgs 2t the
lzborztory. When complsted, results of thesetests will 2lse be published 23 another tachnical memorandum.

Marty Waniehista: July 26, 2008
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Example Problem #1

Qo 2

The above Photograph piovided by Deep Tu,_P.E. Completed pervious concrete*

at the Florida C:‘;S;‘:-'W fc'::zit"’ts ASSOCENEN parking lot at the Florida Concrete
* This mention does not constitute an PrOdUCts ASSOCiation (FCPA) faCiIity
endorsement of product. in Orlando, Florida

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

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

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT

L L N { —. v
\ !l ’ ‘EJ _-“-\IJ /_/____N‘
: ] i ; [
- ] !' ] R
! [
i [ -1 i
‘\.

* This mention does not constitute an
endorsement of product.

24 hour, 25 year rainfall depth =
7.5 inches

RETURN PERIOD

RAINFALL MAP A

Project Location: Lakeland, FL

Ve RAINFALL CONTODUR Im TMOMES .

‘J BOUNDARY OF THE SOUTHWEST FLORIDA
WATER MAMAGEMENT OISTRICT

~— COUNTY BOUNDARY

Assignment: Determine the

- pervious pavement Curve Number

(CN) and the Rational “C”
Coefficient for this rainfall depth.
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* This mention does not constitute an
xample Problem

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

Usinaosmy o Crevmeal. Fuosaos,

s sRans e P 7 Stormwater ¢ >
R e ten e Two (2) to Twelve ; e =
| PERVIOUSPAVEMENT . | t (12) Inches Management Be sure to
I S S SR s TS A DS S = ACADEMY
B i I Y . I i 7 : A Y 4 A . ‘ =Y i

htlp:Hstormwater.uc.l.ezdu‘ur : enable the
FePoaWoWe W B o W Zero (0) to Acknowledgement: This ©
S reservoraver U | T | | T | EXCEIP Macros

NA” N A N A DA N A _AA .' . (36) Inches 07/26/08 by Dr. Marty Wanielista

entitled "Retention for Pollution p ri O r to Sta rti n g L

Control and Estimated Runoff for

-!' A y Y Xoor Ny

I Flood Control as a Function of

= the Maximum Water Storage

% E PARENT SOIL FILTER Capacity o;Pe;viou"s Pavement © -

SE NN NN ystems. i i
'E% Parent soil compacted to a MAXIMUM of 92% - FABRIC Th Is Excel Des I g n
E E 95% Modified Proctor density (ASTM D-1557) (IF RESERVOIR

L] ,, - -
e e e s s | omes o=ss  osssse LAYER IS USED) Ald Is avallable
Seasonal High Ground Water Table (SHGWT)

B, (- —~

] from the 09/15/08
Figure 1:

Typical Pervious Pavement Cross Section TAC meeting
o summary available
Disclaimer: These workbooks were created to assist in the review of commonplace calculations. These ™

are not District approved or required. All users are responsible for validating the accuracy of the internal & e\ t-
calculations. If errors or omissions are noted within this workbook, please e-mail Christopher Kuzlo, E.I. ) f a
at christopher kuzlo@watermatters_org or Hank Higginbotham, P_E. at
hank.higginbotham@watermatters.org with specific information so that revisions can be made.

http://www.dep.state.fl
Bela Version 1,00 25-Aug-08 Il pUbc rlease .us/water/wetlands/erp

Beta Version 101 27-Aug-08 Added Black and Gold™ and other Sub Base Options

Beta Version 1.02  28-Aug-08 Revised Figure 1 to comply with the current recommendation Iru IeSIStO rmwate rlru Ie

of a MAXIMUM Parent soil compaction of 92% - 95%
Modified Proctor density (ASTM D-1557)
Beta Version 1.03  29-Sep-08 Revised recommended effective porosity in the storage calculator _docs' htm
per Dr. Chopra's 09/15/08 presentation to the statewide storm water
Rule Technical Advisory Committee
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Example Problem #1

* This mention does not constitute an
endorsement of product.

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

C (% OF RAINFALL), CN VALUES AS A FUNCTION OF PERVIOUS PAVEMENT SY STEM
STORAGE AND RAINFALL EVENT VOLUME

Mote: Design Storm Rainfall amount should range

between 4.0 and 15.0 inches.

VIEW RUNOFF PERCENT AMD CN
VALUE CURVES FOR THE
SPECIFIED RAINFALL AMOUNT

Design Storm Rainfall Amount:

7.50

(Hit "Enter" after input).

USER INSTRUCTIONS: INSERT THE DESIGN STORM RAINFALL AMOUNT FIRST, AND HIT
"EMTER" AFTER INPUT (see above), THEN PRESS VIEW RUNOFF PERCENT AND CN VALUE
BUTTON (see above right) TO SEE THE CHART WITH APPROPRIATE CURVES.

Motes: 1) An S value of 1.2 inches is equal to & inches of pervious pavement with a porosity of 0.2
and 12 inches would be a & inch pervious over 3 feet of sub base with a porosity of 0.30. Thus there
are many perviou pavement situations that can be modeled within the range of S'. 2) Runoff
coefficient on graphs is % of rainfall, thus divide by 100. Peak Runoff Qp = (C/100})iA where | (in/hr)
and A (Acres) and the attenuation factor is 1 for parking areas and the 1.008 constant is not used.

Ln {runoff %)
4,526 Blue Humbers = Input data
4.480 Red Humbers = Answers
4,450
4420 Predictive Equations:
4,375

4,302 @ Rainfall Excess (in)
4.231 @ Maximum Storage (in)
4,161 Runoff Coefficient
4,092
4.024 @ Variables:
3.957
3.802 @ Maximum Storage 3" (inches) =

3.82c Preciptation Event Volume P (inches) =

R =[P-0.257"2/[P+0.83]

0.5t0 19 inches
401t 15inches

IfP=0.23

g’ = [1000/CN] - 10 and CN = 1000/(S'+10)
C=RIF

After entering the
rainfall depth, hit this
button to view the

plots and pervious
pavement storage
calculator.

24 hour,
25 year
rainfall
depth =
7.5 inches.

Blue Numbers
Red Numbers

= Input data
= Answers
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Example Problem #1

* This mention does not constitute an
endorsement of product.

For six (6) inches of pervious concrete * placed directly on top of the parent soil

Calculator for Pervious Pavement Section Storage (S')
L Thickness | SUSTAINABLE Void St .
ayer (in) Space (%) orage (in)
Click to select Perv. Pvmt. Section 0 0
Click to select Perv. Pvmt. Section 0 15 0
Concrete Pervious Pavement
Porous Asphalt Pavement 0 23 0
Flexi Pave®
Permeable Pavers® L 2 L
# rock 0 30 0
Recycled (crushed) concrete 0 25 0
Black and Gold™ 0 g 0
Other Sub Base (see Note #1 above) 0 20 0

Blue Numbers = Input data

Red Numbers = Answers

Pull down menu for the type
of pervious pavement
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* This mention does not constitute an
xa m p e ro e m endorsement of product.

Fo€six (6) inches of pervious concretey’ placed directly on top of the parent soil

Calculator fojPervious Pavement Section Storage (S')
ELISTJ&IPMELIIE Void Storage (in]
Space (%)
Concrete Pervious Pavement 20 1.2
Other Perv. Pymt. (see Note #1 above) 0
#37 rock 25 0
#0869 pea rock 25 0
#4 rock 30 0
Recycled (crushed) concrete 25 0
Black and Gold™ 5 0
Other Sub Base (see Note #1 above) 7 20 0

Note #1: For other
Blue Numbers = Input data | Pervious pavement

Red Numbers = Answers | sections, the User must
supply the appropriate
certified "Sustainable
Void space
percentages” from a
licensed geotechnical
laboratory.

If a storage reservoir
Is proposed, enter the
appropriate thickness
of the material
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Example Problem #1

* This mention does not constitute an
endorsement of product.

Runoff Percent and Curve Number(CN) for the: 7.50 inch Design Storm Event

Note #1: For other

80 :
70 -
60
50 -
40 -

30 4

Runoff % (C x 100) and CN

20 4

y = 95.447e0.13x

10 4

Mote: The exponential
equation in the lower left
corner of this graph is for the

¥" value represents C, and the
"%" value represents &'

Y=A%*erB *X)

Runcff Percent (C x 100). The "

pervious pavement
sections and / or other
sub base sections, the
User must supply the
appropriate certified
"Sustainable Void
space percentages”
from a licensed
geotechnical
aboratory.

+ Runoff
Percent
(Cx100)

L
O

5 6 7 & 9 10 11 12 13 14 _
Maximum Pervious Pavement System Storage §'(inches)

= Input data
= Answers

Blue Humbers
Red Numbers

CLICK TO GO BACK TO DATA

Pavement Section Storage (S')

Thickness | i i
Layer (in) L ST;:::;&BEFEJUDIE' Storage (in)
Concrete Pervious Pavement & 20 1.2
Other Perv. Pumt. [see Note #1 above] 0 15 0
#57 rock 0 25 0
#39 pea rock 0 25 0
#4 rock 0 30 0
Recycled (crushed) concrete 0 25 0
Black and Gold™ 0 g 0
Other Sub Base [see Note #1 above) 0 20

Automatic input of the "Best Fit" Exponential
Equation Coefficients A and B (lower left corner of
the above graph).y=Cand x = §'

Y=A"erB*X)
A value: B value:
[ 95447 | 04209 |

PERVIOUS PAVEMENT

RESERVOIR LAYER

Two (2] to Forty Elght (48) Inches

|

PARE

t FILTER
% MAXIMUM of 92% - FABRIC

Br density (ASTM D-155T) {IF RESERVOIR

LAYER I5 USED)

Inches (Mindmeam)

Tueiiity F ol (24)

Parent soll <
5% Mo

ghammd_wmr TFE& [SHGWT)

Figure 1:

pical Pervious Pavement Cross Section

For six (6) inches of
pervious concrete *
placed directly on
top of the parent
soil, with a 7.5 inch
rainfall depth:

System
Storage (S’)
=1.2”
CN =389

Rational
“C”7=0.82
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* This mention does not constitute an
Xampie rFrooiem endorsement of rodict

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

Sandy Soils Clay Soils
Slope Land Use Min. Max. Min. Max.
Flat Woodlands 010 0.15 015 0.20
(0-2%)  Pasture, grass, and farmland ® 0.15 0.20 020 0.25
Bare Earth 030 0.50 050 0.60
Rooftops and pavement = - 095 095 oA voroLoGY
Pervious pavements © 090 0.95
SFR: 1/2-acre lots and larger e g 0.35 0.45
Smaller lots 035 045 040 0.50 w—
Duplexes 035 045 040 0.50
MFR:Apartments, townhouses,
and condominiums 045 0.60 050 0.70
Commercial and Industrial 050 095 050 095

“ Depends on depth and degree of permeability of underlying strata.

Hydrology Handbook
January 2004

Table T-5
Design Storm Frequency Factors For Pervious Area
Runoff Coefficients *

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

(1 b . .
C” values are: From the previous

1.1 x0.75 = 0.83 _ slide, the
1.1 x0.95 = 1.05] (use 1.0)J'V Rational “C” = 0.82

Reference:  wright-McLaughlin Engineers (1969)

* DUE TO THE INCREASE IN THE DURATION TIME THAT THE PEAK OR NEAR PEAK
DISCHARGE RATE IS RELEASED FROM STORMWATER MANAGEMENT SYSTEMS, THE
USE OF THESE SHORT DURATION PEAK RATE DISCHARGE ADJUSTMENT FACTORS IS
NOT APPROPRIATE FOR FLOOD ROUTING COMPUTATIONS.

The FDOT Drainage Hydrology Handbook is available at: Slmllar TESU":S fOl'

http://lwww.dot.state.fl.us/rddesign/dr/Manualsandhandbooks.htm sandy SO"S Slide #169



Example Problem #2

Installation at
the UCF
Engineering
Field Lab on
11-09-07

* This mention does not constitute an
endorsement of product.

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

* This mention does not constitute an
endorsement of product.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT

Y S | :
\\ ™ -TF i’ = 1 P o L
4 1
] { ,[ JJ’ K
- N ; 1
| -
7 — ! -
EST ¢ , 1-— |
= S ¥

RETURN PERIOD

X
L] a [ 20 30
e
St WILE

LEGERD

RAINFALL COMTOUR TN

r” N Turues ! "
b} IR
| BOUNDARY OF THE SOUTHWEST FLORIDA

—

b WATER WANAGEMENT DISTRICT
—— COUNTY BOUNDARY

D-7

Two (2) inches of Flexi™-Pave * placed over a

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

Project Location: Sarasota, FL

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
inches

Assignment: Determine the

pervious pavement Curve Number
(CN) and the Rational “C”
Coefficient for this rainfall depth.
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Example Problem #2

* This mention does not constitute an
endorsement of product.

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

C (% OF RAINFALL), CN VALUES AS A FUNCTION OF PERVIOUS PAVEMENT SYSTEM
STORAGE AND RAINFALL EVENT VOLUME

Note: Design $torm Rainfall amount should range

between 4.0 and 15.0 inches.

VIEW RUNOFF PERCENT AND CHN
VALUE CURVES FOR THE
SPECIFIED RAINMFALL AMOUNT

Design S5torm Rainfall Amount:

6.00

(Hit "Enter"” after input).

USER INSTRUCTIONS: INSERT THE DESIGN STORM RAINFALL AMOUNT FIRST, AND HIT
"ENTER" AFTER INPUT (see above), THEN PRESS VIEW RUNOFF PERCENT AND CN VALUE
BUTTON (see above right) TO SEE THE CHART WITH APPROPRIATE CURVES.

MNotes: 1) An S value of 1.2 inches is equal to 6 inches of pervious pavement with a porosity of 0.2
and 12 inches would be a & inch pervious over 3 feet of sub base with a porosity of 0.30. Thus there
are many perviou pavement situations that can be modeled within the range of 3'. 2) Runoff
coefficient on graphs is % of rainfall, thus divide by 100. Peak Runoff Qp = (C/100)iA where | (in/hr)
and A (Acres) and the attenuation factor is 1 for parking areas and the 1.008 constant is not used.

Maximum Storage 3" (inches) =
3.650 Freci i i i

After entering the
rainfall depth, hit this
button to view the

plots and pervious
pavement storage
calculator.

24 hour, 5
year

rainfall
depth =

Ln {runoff %) =
4.507 Blue Humbers = Input data 6-0 |nCheS.
4,450 Red Numbers = Answers
4.412
4,375 W Predictive Equations:
4,320
a.231 I Rainfall Excess (in) R = [P-0.257'2 / [P+0.85] IFP=0.25 Blue Numbers = Input data
1.143 W Maximum Storage (in} S = [1000/CN] - 10 and CN = 1000/(5'+10) J§ |Red Numbers = Answers
4.058 M Runoff Coefficient C=R/P
3.974
3.802 WVariables:
3.810
3.730
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Example Problem #2

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

* This mention does not constitute an
endorsement of product.

Calculator for Pervious Pavement Section Storage (S')
L Thickness | SUSTAINABLE Void St .
ayer (in) Space (%) orage (in)
Click to select Perv. Pvmt. Section 0 0
Click to select Perv. Pvmt. Section 0 15 0
Concrete Pervious Pavement
Porous Asphalt Pavement 0 23 0
Flexi Pave®
Permeable Pavers® L 2 L
# rock 0 30 0
Recycled (crushed) concrete 0 25 0
Black and Gold™ 0 g 0
Other Sub Base (see Note #1 above) 0 20 0

Blue Numbers

= Input data

Red Numbers

= Answers

Pull down menu for the type
of pervious pavement
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* This mention does not constitute an
xa m p e ro e m endorsement of product.

w df Flexi™-Pave * placed over twenty-four (24) Inch #57 stone storage reservoir.

Calculator

Layer

Flexi Pave®

Other Perv. Pymt. [see Note #1 above] .l‘

#&57 rock

#89 pea rock

#4 rock

Recycled [crushed) concrete

Black and Gold™

Other Sub Base [see Note #1 above

Pervious Pavement Section Storage (S')
‘ W SUST;J:?EEILEJ Void Storage (in]
(2) 0.36
0
25 L
25 0
30 a
25 a
9 a
"l 0 i

Blue Numbers

= Input data

Red Numbers

= Answers

Note #1: For other

pervious pavement E nte r the 24
sections, the User must u

supply the appropriate In Ches Of #57
certified "Sustainable

Void space StOne
percentages” from a

licensed geotechnical
laboratory.
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Example Problem #2

Runoff Percent and Curve Number(CN) for the: 6.00 inch Design Storm Event

Calculator for Pervious Pavement Section Storage (58')

SUSTAINABLE Void

Layer Space (%) Storage (in)
Flexi Pave® 18 0.36
Other Perv. Pumt. [see Note #1 above] 15 0
#57 rock 25 6
#59 pea rock 25 0
#4 rock 30 0
Recycled (crushed) concrete 25 0
Black and Gold™ g 0
Other Sub Base [see Note #1 above] 20 1]

ALITOIT A LT O e w ]z X orne a
Equation Coefficients A and B (lower left corner of
the above graph).y=Cand x = §'

Y=A"eMB"X)
A value:
IS

B value:
01651 |

Two [2) te Forty Elght {48) Inches

nchas Mk

ety Fouw (24)

100 Note #1: For other
o0 | cquation in the lower feh pervious pavement
corner of this graph is for the -
Runoff Percent (C x 100). The - sections and / or other
BEI i VI-IE HE represents , ary ) 1] .
X" value represents S * peeft |SUb base sections, the
= i = E. Y x ([Cx100}
5 Y=ATerB7X) User must supply the
= . " gw
Z 60 appropriate certified
= 1
* 501 "Sustainable Void
[&]
= space percentages”
g \ from a licensed
& m —— Curve x
wmber | geotechnical
20 1
| y=sseo1e0n laboratory.
5 Y = - ‘k
0 1 2 3 4 B 8 9 10 11 12 13 14 15 16 1 _
Maximum Pus Pavement System Storage 8" (inches) \
\\

Blue Numbers = Input data CLICK TO GO BACK TO DATA
Red Humbers = Answers

PERVIOUS PAVEMENT

U) to
Irty=Six
(36) Inches

RESERVOIR LAYER

S0OIL
FILTER
mpacted te & MAXIMUM af 92% - FABRIC
wdifled Proctor denslty (ASTM D-155T) {IF RESERVOIR

- s mms  mms mss  m===  LAYER IS USED)

easonal High Ground Water Table (SHGWT)

Figure 1:

Typical Pervious Pavement Cross Section

* This mention does not constitute an
endorsement of product.

For two (2) inches
of Flexi™-Pave *
placed over a
twenty-four (24)
inch #57 stone
storage reservoir,
with a 6.0 inch
rainfall depth:

System
Storage (S’)
=6.36"
CN = 61

Rational
“C7’=0.34
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* This mention does not constitute an
Xampie rFrooiem endorsement of rodict

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

Sandy Soils Clay Soils
Slope Land Use Min. Max. Min. Max.
Flat Woodlands 010 0.15 0.15 020
(0-2%)  Pasture, grass, and farmland ® 0.15 0.20 020 0.25
Bare Earth 030 050 050 060 D RAINAGE HANDEOOK
Rooftops and pavenzom = L 095 095 HYPROLOGY
Pervious paveme C 090 0.95
SFR: 1/2-acre/g@¥Pand larger e g 035 045 o o —
Smaz ots 035 045 040 050 L
glexes 035 045 040 0.50

LK Apartments, townhouses,

and condominiums 045 0.60 050 0.70
Commercial and Industrial 050 095 050 095
“ Depends on depth and degree of permeability ofunderlying strata.

From the
previous
slide, the
Rational
“C!! —
0.34

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

For a 5 year design storm,
the FDOT range for Rational
“C” values are:

The results are different
because the underlying

strata is significantly
different (a 24” thick
#57 stone reservoir).
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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 Small
Pervious Pavement Project that
Discharges Into Waters that Meet

Water Quality Standards
(Using the District’s presumptive criteria)

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.
flood control, land use intensity computations, landscaping
requirements, minimum # of parking spaces, etc.).
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Soil Boring Recommendations

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT NUMBER: TMUVERP-961212.e
RESOURCE REGULATION P ST : . P
TRAINING MEMORANDUM TITLE: Determination :Jf‘. ertical/Horizontal Permeability...
PAGE: Attachment “B” (¢ of 10)

A This document is subject to change. If in doubt, verify - - - . .. . -
. . NG o LY 1) v ) -
DATE: December 04, 1996 current status with Technical Services staffor the author(s). When selecting the minimum number of borings, a minimum of one soil boring should be drilled to at

least 10 feet below the proposed pond bottom elevation within the pond area. When more than one
boring 1s required. the following approximate equation {empirical equation developed by Jammal &
Associates, Inc.) can be applied to estumate the recommended nuember of seil borings required. The
approximate equation takes into consideration the average area and configuration of the proposed
pond:

SUBJECT: TM/ERP -961212.¢
Determination of Vertical Permeability (K,) and Horizontal Permeability (K, in
Surfacewater Management System Soil

TO: Surface Water Managers and Staff

FROMI: Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services L
B-1+y24+ —
(2o

THE PURPOSE OF THIS DOCUMENT IS TO PROVIDE GENERAL GUIDANCE FOR
REGULATION REVIEW BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN Recommended
MAY BE MODIFIED IN APPROPRIATE CIRCUMSTANCES., _ .
number of recommended borings # of borings
average pond area in acres

length of pond. 1n feet

width of pond, in feet

pi(3.14)

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

: fetrint’ : . In addition, an approximate equation to estimate the recommended number of hydraulic conductivity
Section 7.5.2 of the District’s Ba§|s of Review (BOR) tests to be conducted was also developed by Jammal & Associates, Inc., and 1s presented below:
states the following:

“Subsurface exfiltration will be reviewed only on the

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

Recommended # of
hydraulic
conductivity tests

number of hydraulic conductivity tests required

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

app lied”. Additional tests may be required for systems located within a site which has complex hydrogeology
and/or appreciable topographic relief

These equations are useful in determining the minimum number of tests that should be conducted.

Since we will be using a fictitious project for the following
example problems, actual soil borings and Kv / Kh tests are
not available. Therefore, we will use the NRCS soils
information as representative test data. Slide #178



Determination of Kv and Kh in Surfacewater Management System Soil

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
RESOURCE REGULATION
TRAINING MEMORANDUM

This document is subject to change. If in doubt, verify

DATE: December 04, 1996 current status with Technical Services staff or the author(s).
SUBJECT: TM/ERP -961212.e
Determination of Vertical Permeability (Ky) and Horizontal Permeability (Ky) in
Surfacewater Management System Soil
TO: Surface Water Managers and Staff
FROM: Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services

THE PURPOSE OF THIS DOCUMENT IS TO PROVIDE GENERAL GUIDANCE FOR
REGULATION REVIEW BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN
MAY BE MODIFIED IN APPROPRIATE CIRCUMSTANCES.

BACKGROUND: Dastrict staff may receive an ERP application that does not identify soil (K)
and/or (K) mn the proposed stormwater management system. Staff may then be faced with reviewing
(or calculating) a groundwater analysis for any (or all) of the following items:

1) Required treatment velume recovery in “dry” retention/detention ponds;

2) Soil mnfiltration rates 1n a retention/detention pond that are exported as a rating curve to a
computer software flood routing model;

3) Radius of influence calculations for elevated retention/detention ponds: or

4) Radius of influence calculations for drainage ditches, subsurface drains, or retention/detention
ponds with outfall structures designed to lower on/off-site groundwater tables.

DESCRIPTION:  The District’s Governing Board has the authority to establish rules to limit
impacts which would be significantly harmful to the water resources and/or ecology of the area.
Dustrict rules provide conditions of 1ssuance for pernuts which require an applicant to provide
reasonable assurance that the proposed project will not cause adverse impacts to existing surface water
storage, wetland functions, and groundwater levels. In addition, the project design must be based on
generally accepted engineering principles which will allow for proper functioning of the system.

Procedure - The proper determination of vertical and honizontal permeability rates are critical in
groundwater calculations for the four situations listed above. Alterations of K;; and/or Ky can
significantly change radius of influence distances, altered groundwater elevations. and required
treatment volume drawdown times.

Process - The following outline 1s provided to aid staff in the determination of Ky, and/or Ky that
1s based on generally accepted engineering principles.

L K, and/or K rates for final design of a project should always be based on field and laboratory
test methods. These methods are summarized in Chapter 3 of the Jammal & Associates report

I

REFERENCES: 1.

NUMBER: TM/ERP-961212.e
TITLE: Determination of Vertical/lHorizontal Permeability ...
Page: 2of 10

entitled “Stormwater Retention Pond Infiltration Analysis in Unconfined Aquifers ™ An
abbreviated portion of Chapter 3 can be found 1 Attachment “A” of this Tramning
Memorandum. The reader of this Traming Memorandum should obtain a complete copy of the
Jammal Report for additional information on Ky, and K;;. Table 3-3 1n Chapter 3 goes into
greater detail, especially on the methods for determining K;; .

A proposed stormwater management system should contain the appropriate number of soil
and/or hydraulic permeability tests (a k a. hydraulic conductivity tests in the Jammal report).
The recommended minmimum number of tests 1s also summanzed m Chapter 3 of the Jammal
report (Attachment “B” of this Technical Memorandum).

In the event that the applicant does not provide K, and/or K; rates, staff can estimate these
values from the appropriate USDA-NRCS Soil Survey of the area. However, these estimated
Ky and/or Ky rates should only be used for initial review of the application for the purpose of
preparing the “request for additional information™ letter to the applicant. Staff should use
extreme caution in accepting these estimated K, and/or K, values as final design rates for

the purpose of evaluating the permit application.

Attachment “C™ of this Technical Memorandum outlines a rational procedure that can be used
for estimating the preliminary Ky, and/or Ky rates.

Chapters 373.016(2)(b).(d).(e),and(f); 373.042(2); 373.113;
373.171(1)(c): 373.413(h): 373.414(1)(2)(1). (2). (5). and (7). Florida
Statutes

2. Rule 40D-4.091(1). Section 7.5.2, Basis of Review; Rule 40D-
4.101(1)(c) and (e): 40D-4.301(1)i(c), (g). and (I), Florida Administrative
Code

3. TWU/ERP-961212.b, “Overdrainage and Water Conservation, Section 4.6,

Basis of Review™
4. TW/ERP-961212 ¢, “Potential Impacts to On-Site and Off-Site Property
From Stormwater Ponds Located Near Property Boundaries™

3. TWU/ERP-961212.d, “Water Table Drawdown Effects Due to Ditching,
Subsurface Drains. and/or Stormwater Retention/Detention Ponds™
6. Jammal & Associates, Inc. (Nicolas E. Andreyev, P.E.), 1989/91 Edition

of “Stormwater Retention Pond Infiltration Analysis in Unconfined
Agquifers”, prepared for the Southwest Florida Water Management

Dhstrict.

7. David K. Todd, University of California, Berkeley, “Groundwater
Hydrology ©7, Second Edition, John Wiley & Sons, Inc.. 1980

8. Modret® * Version 5.0 computer model

i Ponds®", Version 2.24 computer madel
10. USGS Modflow computer model (Public Domain model)

. The Modret© and Ponds@ computer models are graphical pre- and post-
processors that utilize the USGS Modflow computer model as their
“software engine”
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Determination of Kv and Kh in Surfacewater Management System Soil

NUMEER: TM/ERP-961212.e NUMBER: TM/ERP-961212.e
TITLE: Determination of Vertical/Horizontal Permeability ... TITLE: Determination of Vertical/Horizontal Permeability...
Page: 3 of 10 ’ PAGE: Attachment “A™ (4 of 10)

STATUS: This Tramning Memorandum along with TM/ERP - 961212.d replaces

TOP/SWP-030 and SWP-20.02 dated April 20, 1990, entitled “Water Table
Drawdown Effects Due to Ditchung and Sub-Surface Drains”™
Stormwater Retention Pond Infiltration
ATTACHMENTS: A) A portion of Chapter 3 of the 1989/91 edition of “Stormwater Retention Analyses in Unconfined Aquifers
Pond Infiltration Analysis in Unconfined Aquifers™ by Jammal & '
Associates, Inc., dealing with recommended testing methods and
techniques for vertical and horizontal permeability.

March 1989

B) A portion of Chapter 3 of the 1989/91 edition of “Stormwater Retention Revised February 1991
. - . . — 1 ary L
Pond Infiltration Analysis in Unconfined Aquifers™ by Jammal & ; e in Unconfined
Associates, Inc., dealing with the recommended minimum number of soil Aquifers

borings 1 a proposed retention/detention pond.

C) A Rational Procedure for Estimating Preliminary Vertical and Honizontal
Permeability. Prepared by:
DISTRIBUTION: Executive, General Counsel, Resource Regulation Directors, Technical Services, me;:;ﬁ‘f geﬂf;ﬁustii Tnc.
Records & Data. Administrative Secretaries. Permut Coordinators, Central Jammal & Associates Division
Records 1675 Lee Road
Winter Park, Florida 32789
AUTHOR: Hank Higginbotham, P.E., Professional Engineer, Technical Services Telephone (407) 645-5560

This may be an electronically distributed copy of an
original doecument that was signed and sealed on the Prep;u—f_nd for:
date ascribed. The original document is on file in

éecr'"ical Services, and 3 copy is 3lse available in Southwest Florida Water Management District
entral Records. 3379 Broad Street
Brooksville, Florida 34609-6899
Telephone (352) 796-7211

(seal)

This publication is available from the
. . e Southwest Florida Water Management District
{Original document was signed and sealed onl12/04/96) Technical Services Department

for $30.00, which covers the costs of
printing, handling and shipping.

Henry H. Higginbotham, Jr., P.E.
Florida Registration No. 31977 Date:
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Determination of Kv and Kh in Surfacewater Management System Soil

NUMBER: TM/ERP-96121.e
TITLE: Determination of VerticallHorizontal Permeability...
PAGE: Attachment “A” (5 of 10)

Chapter 3

Review of Field and Laboratory Test Methods

Conclusions and Recommendations

There are many different field and laboratory test methods which can be used to explore and estimate
hydrogeologic conditions and hydraulic parameters of an aquifer. In most instances, the limitations of
the various methods are not clearly understood. To measure the horizontal hydraulic conductivity of
the entire effective aquifer thickness, we recommend using short or long term pumping tests. This
method, 1f used properly, provides the most reliable results. Slug tests are the next best means of
measnuring the hydranlic condnetivity of the entire aquifer thickness, bt the accuracy of this method 15
usually hindered by the need to install the piezometer in an undisturbed condition. For instance, if a
clayey fine sand or clay 1s encountered 1n the profile in which the well 1s to be istalled, unreliable
results are usually obtained due to smearing of the soil surface during drilling and piezometer
nstallation.

Laboratory permeability measurements on undisturbed samples generally vield accurate results, but the
value of hydraulic conductivity 1s usnally representative of a point of a soil stratum within the aquifer.
Therefore, to characterize the entire aquifer system, permeability tubes would need to be collected 1
each soil strata comprising the aquifer system. This method 1s generally limited by the number of tests
required and the fact that undisturbed samples must be collected.

Therefore, 1t 15 our opinion that the most effective method of hydraulic conductivity testing 1s a
combination of laboratory and field tests that produce the most reliable results. These would include
laboratory tests on undisturbed samples obtained from shallow depths, field auger/tube tests in sandy
soils and above ground water table, piezometer slug tests with properly installed and developed wells
in deeper sandy deposits and short term or long term pump tests for multi-laver aquifer systems. A
summary of recommended methods for the various exploration and testing techniques 1s presented in
Table 3-4.

Tt should be realized that the information contained in this chapter is intended for planning purposes.
Good. sound engineering judgment 15 still needed to determine when and where a particular method 1s
applicable, to assess the limitations of each method and the validity of 1ts results.

NUMBER: TM/ERP-961212.e
TITLE: Determination of Vertical/Horizontal Permeability...
PAGE: Attachment “A™ (6 of 10)
Table 3-4.
Recommended Field and Laboratory Testing Methods
Jor Stormwater Retention Pond Infiltration Analysis
CONDITIONS TEST METHOD

Soil Exploration

Tvpe and condition of soil

<10 feet

hand or power auger borings

=10 feet <60 feet

power auger borings

In-situ density needed (any depth)

Standard Penetration Test Boring

Accurate ground water level reading 15 critical

Hand or power auger boring and allow water
level to stabilize for a minimum of 24 hours

Hydraulic Conductivity Measurement

Shallow hydraulic conductivity measurement
above ground water table (sandy soil)

<4 feet

Excavate test pit with post-hole digger or
shovel, hand drive shelby tube and perform
laboratory permeameter tests

=4 feet <10 feet

Excavate test pit with backhoe or other
equipment, collect shelby tubes by hand and
perform laboratory permeameter tests.

=10 feet <30 feet

Drill power auger borings to depth of
proposed test. Install casing to bottom of
borehole and screen the desired test interval.
Conduct field hydraulic test using well
permeameter method (U.S B.R. Designation
E-19).

Hydraulic Conductivity Measurement below
Ground Water Table (sandy soal) =30 feet

Install piezometer to desired depth, develop
piezometers, stabilize for 24 hour minimum
and conduct slug test or constant head test
(Hvorslev, 1951, U.S. Navy, 1974 and
Bouwer & Rice, 1971)

Accurate Determination of Hydraulic
Conductivity 1s critical. Measurement below
ground water table. Any depth.

Install two wells and conduct short-term
77

pumping test (Lohman, 1972

Slide #181



Determination of Kv and Kh in Surfacewater Management System Soil

NUMBER: TM/ERP-9612121.e
TITLE:
PAGE: Attachment “A" (7 of 10)

Determination of Vertical/Horizontal Permeability...

Table 3-4.
Recommended Field and Laboratory Testing Methods
Jor Stormwater Retention Pond Infiltration Analysis

CONDITIONS

TEST METHOD

Hydraulic Conductivity Measurement

Estimate K, (unsaturated initial infiltration)

Conduct Double Ring Infiltrometer tests.
Alternatives, obtain undisturbed tube sample
in the vertical direction. Conduct laboratory
permeameter test and then estimate K|
(unsaturated) by empirical methods

Deep hydraulic conductivity measurement
below restrictive soils or confining unit
{sandy soil). Ground water table below
bottom of restrictive soil

Install piezometer(s) to desired depth and
screen below confining unit. Grout from
bottom of confining unit to land surface.
Conduct slug test in piezometer(s) (Hvorslev,
1951: U.S. Navy, 1974)

Deep hydravlic conductivity measurement
below restrictive soil or confining unit (sandy
sotl). Ground water table above confining
unit. Leakance suspected to be high through
confining unit.

Install two (2) piezometers to desired depth
and screen below confining unit. Grout from
bottom of confining unit to land surface.
Conduct long-term pumping test (Lohman,
1972)

Shallow or deep hydraulic conductivity
measurement of restrictive soals (clayey sand,
clays and hardpan)

Collect shelby tube soil sample by hand or
with dnll nig and conduct laboratory
permeameter test i triaxial machine.

Approximate estimate of hydraulic
conductivity after drilling 1s completed

Remold sample collected during drilling
program to the approximate in-situ unit
weight and conduct laboratory test in triaxial
machine.

Unsaturated Vertical Infiltration Estimate.
Direct Method

Conduct double ring infiltrometer test at pond
bottom level. Compact test surface to the
approximate post-construction density. Use
final (L) infiltration rate determined during
fest.

NUMBER: TM/ERP-961211.e
TITLE: Determination of VerticallHorizontal Permeability...
PAGE: Attachment “B™ (8 of 10)

Chapter 3
Review of Field and Laboratory Test Methods

General Considerations

One of the most important steps in the evaluation of a stormwater retention pond 15 determining whach
test methods and how many tests should be conducted per site or per system. Typically, a soil boring
and some type of hvdraulic conductivity measurement 1s conducted for each stormwater retention pond,
as a minimum. The number of soil borings and hydraulic conductivity tests performed are usually
based on site topography, subsurface hydrogeologic conditions, pond size and pond geometry.
Judgement and experience are usually applied in the decision-making process. In this report, we have
developed methods for estimating the required number of borings and hydraulic conductivity tests in
order to characterize the shallow aquifer system for retention pond designs. These methods should
only be used as a guide and more or less tests may become necessary based on local experience and
knowledge of site hydrogeologic conditions.

Soil Borings

To explore the subsurface soil and ground water table conditions within an area proposed for a
stormwater retention pond, Standard Penetration Test (SPT) borings (ASTM D-1386) or anger borings
(ASTM D-1452) can be used. Standard Penetration Test borings provide a reasonable soil profile and
an estimate of the relative density of the soils. However, measurement of the ground water table depth
i SPT borings 1s usnally less accurate than in auger borings due to the drilling fluid (bentonite-mud)
used during the drilling process. Power auger borings generally provide more accurate soil profiles and
a better estimate of depth to the ground water table. Therefore, a combination of SPT and auger
borings in a retention pond would provide the best data to characterize the effective aquifer system.

In general. it 1s preferable to extend soil borings to the confining layers of the effective aquifer system.
However, for small retention pond systems (<1,000 ft*), such a requirement may not be practical or
cost effective. A more appropriate method of estimating minimum soil boring depth would be to
extend the boring to the confining layers or a minimum of 10 feet below proposed pond bottom. For
meodeling purposes, confining lavers should be set at the encountered elevations of poorly permeable
soil layers {confining lavers) or at the bottom of the test borings. if confining layers are not
encountered.
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Determination of Kv and Kh in Surfacewater Management System Soil

NUMBER: TM/ERP-961212.e
TITLE: Determination of VerticallHorizontal Permeability...
PAGE: Attachment “B” (9 of 10)

When selecting the minimum number of borings, a mimmum of one soil boring should be drilled to at

least 10 feet below the proposed pond bottom elevation within the pond area. When more than one

boring is required. the following approximate equation (empirical equation developed by Jammal &

Associates, Inc.) can be applied to estimate the recommended number of so1l bonings required. The
approximate equation takes into consideration the average area and configuration of the proposed
pond:

T

B-1-+42a-+ (3-1)
(2o
Where:
B = number of recommended borings
A = average pond area in acres
L = length of pond, in feet
W = width of pond, 1 feet

I1

pi(3.14)

In addition, an approximate equation to estimate the recommended number of hydraulic conductivity

tests to be conducted was also developed by Jammal & Associates, Inc., and 15 presented below:

p-1-2 (3-2)
4

Where:
number of hydraulic conductivity tests required
number of borings drilled

P
B

These equations are useful i determining the minimum number of tests that should be conducted.

Additional tests may be required for systems located within a site which has complex hydrogeology

and/or appreciable topographic relief.

NUMBER: TM/ERP-961212.e
TITLE: Determination of Vertical/Horizontal Permeability...
PAGE: Attachment “C™ (10 of 10)

A Rational Procedure for Estimating Preliminary K, and Ky

The applicant did not provide any on-site soil borings or permeabality tests. The local USDA-NRCS
soils maps of the area show that the upland areas of the site in question are compnised entirely of Ona
series soils (HSG of "B/D") with a Seasonal High Ground Water Table (SHGWT) from 0" to 12" below
the ground surface, and the following vertical permeabality rates

Depth From Surface Vertical Permeability (K]
or- o9 6.0-20.0 mn/hr
9" - 18" 06- 2.0 in/hr
16" - 80" 6.0 - 20.0 n./hr
1. Determine a composite vertical permeability (K,;) for the soil in question using the following
equation:
K., Lty Ty
Z] " Z_‘ - - Z\'
Ky K Ky
Where: Ky . Ky . . Ky - Vertical hydraulic conductivities of so1l lavers

Zy.Z,, .. Zy - Thickness of soil layers

From the local USDA-NRCS soils information. assume the average vertical permeability as

follows:
Depth Range of K, Average Ky
or- o9 6.0-20.0 1n./hr 13.0 m./hr
9" - 16" 06- 2.0 in/hr 1.3 in/hr
16" - 80" 6.0-200 inhr 13.0 in/hr

Therefore: Z,=9", Z,=T7"., Z,=64"

Ky =13in/hr, Kyp=13in/hr, Ky =13 in/hr

and K, =7.27 in./hr. (14.54 ft./day)
2 Determine a composite horizontal permeabality (Ky) for the soil i question using the following
equation:
Ky = B2y "Ke Zy+ . A K 7y
Z t+Z, oty

Use a 1.5 multiplier as an approximate conversion factor between Ky and Ky,

Therefore: Zy=9". Z,=7", Z;=64"
Ky =195 m/hr, Kg=195m/hr, Kg=19.51m/hr

and Ky = 17.96 in./hr (35.92 ft./day)
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Example Problem

Two (2) inches of Flexi™-Pave *
- placed over a eleven (11) inch #57

IMPERVIQUS PAVEMENT & BUILDING ‘ .

AREA = 25,957 SF = 0.583 ACRES - stone storage reservoir.

N

NN

* This mention does not constitute an
endorsement of product.

NSNS

SRR RRLIR IS
‘03:3:30’0’0’&’0’0’0’0

PROPERTY & CONTRIBUTING
BASIN BOUNDATY ELEVATION
101.25' (TYPICAL)

i
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=
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M
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L
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E o
L
- "” /
4 |
s 35 At f/
g < o / ......
Tped 0D N . GLp
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PAYEMENT SYSTEM FAILS (SEE MWOTE #2 BELDW)

RECESSED LANDSSAPED AREA OHE (1) INCH HIGH BY FIVE (%) FOOT LONG A S TM _ *
TP S0 SLopes = k1 (1) SLOT OPENING IN CURB, INVERT = 99.87° Two (2) inches of Flexi™-Pave

GBI DUTFALL STRUCTURE DISCHARGE TO RECESSED LAMDSCARPED AREA

S — P placed over an eleven (11) inch #57
| stone storage reservoir.

o Available Pervious Pavement
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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
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 *

(3.11 Inches / 12 Inches Per Foot) = 1,895 CF = 0.043 Acre-Feet
Since the Designed Pervious Pavement

Two (2) inches of Flexi™-Pave * Storage Volume of = 1,895 CF is greater than
p'acegt‘c’)‘r’;r;gge:igé;:\)’;?fh #ol the Required Treatment Volume (RTV) of
< : 1,808 CF, the retention portion of the
Calculator for Pervious Pavement Section Storage (S') . .
— Thi'(:_kr;ess SUSTAINABLE Void | g0 i) anaIySIS IS Okay_
i Pave® | I: spa::m | 0.36
e e A mounding analysis is now required to
e | - — demonstrate that the RTV will recover within
Recycled (crushed) concrete | | 25 | -
e 72 hours with a safety factor of two (2). Refer
to the next several slides for the recovery
analysis.
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Mounding (recovery) analysis of the
Required Treatment Volume (RTV)

Stormwater

Retention A significant

Pond

ey percentage of

March 1989 in Unconfined = .
== engineering
consultants utilize the
PONDS® *, Modret® *,
or ICPR® * software
W= packages to perform

Refer tbﬂ;h/ﬁpi:érs 48&5 this ana'ysis_
of this publication

Prepared by # o 3 : W PR - i fd o
P N e g This mention “dm.s not constitute an
endorsement of product.
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

* This mention does not constitute an
endorsement of product.

MODRET

Version 6.1

(Windows 95/98/NT)

SUMMARY OF UNSATURATED & SATURATED INPUT PARAMETERS

150’/ 50’

PROJECT NAME : Pervious Pavement
POLLUTION VOLUME RUNOFFE DATA USED

UNSATURATED ANALYSIS INCLUDED

MODRET

Weighted average of the

Pond Bottom Area 7 . X 7,310.00 ft2
sustainable void spaces in
Pond Volume between Bottom & DHWL . 7,919.17 ft3
the pervious pavement
Pond Length to Width Ratio (UW)  gection (see the next slide). 3.00
Elevation of Effective Aquifer Base 95.00 ft
Elevation of Seasonal High Groundwater Table 0.67 * Kv (per the oss0nt
H
Elevation of Starting Water Level Modret User’s 98.42 ft

Elevation of Pond Bottom manual)-

Design High Water Level Elevation

Avg. Effective Storage Coefficient of Soil for Unsaturated Analysi

Unsaturated Vertical Hydraulic Conductivity

Factor of Sate

aturated Horzontal Hydraulic Conductiiaty |

Avg. Effective Storage Coefficient of Soil for Saturated Analysis

Avg. Effective Storage Coefficient of Pond/Exfiltration Trench

Hydraulic Control Features:

Top Bottom Left Right
Groundwater Control Features - Y/N M N M N
Distance to Edge of Pond 0.00 0.00 0.00 0.00
Elevation of Water Level 0.00 0.00 0.00 0.00
Impervious Barrier - ¥/N M N M N
Elevation of Barrier Bottom 0.00 0.00 0.00 0.00

MODRET

MODRET
Version 6.1
(Windows 95/98/NT)

TIME - RUNOFF INPUT DATA

PROJECT NAME: PERVIOUS PAVEMENT

STRESS INCREMENT VOLUME
PERIOD OF TIME OF RUNOFF
NUMBER (hrs) (ft3)
Unsat 1.15 1,403.52
1 1.00 404.48
2 8.73 0.00
3 8.73 0.00
4 8.73 0.00
5 8.73 0.00
6 8.73 0.00
7 8.73 0.00
8 8.73 0.00
9 8.73 0.00

“Slug” loading Hydrograph (above) from the 1,808
CF Required Treatment Volume input (below).

Runoff Data: Pollution Volume E|

Total Pollution Abatement Volume (ft3):

Time of Recovery (hrs):

vl

x Cancel ‘

1808.00
72.00
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

* This mention does not constitute an
endorsement of product.

TOP OF PERIMETER CURB ELEY. = 100.00°

ONE #4 REBAR (10 FEET LONG) CENTERED OVER CURB SLOT OPENING

Weighted average of the

L, (TYP. AROUND PERVIOUS PAVEMENT AREA)

TORP OF PERVIOUS
PAVEMENT ELEV. = 9950

sustainable void spaces

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

i
SIS i
2" 187% VOIDS
O = ov oY S5 = O
4QCKO’OOO§QQ§ONOOOHQOOOOOQ

Two (2) inches of Flexi™-Pave *
placed over an eleven (11) inch #57
stone storage reservoir.

Calculator for Pervious Pavement Section Storage (S')

Thickness | SUSTAINABLE Void
(in) Space (%)
18

Layer Storage (in)

0.36

Flexi Pave® | 2

Other Perv. Pvmt. (see Note #1 above)
#57 rock

#89 pea rock
#4 rock
Recycled (crushed) concrete
Black and Gold™
Other Sub Base (see Note #1 above)

15 0

25
25
30
25
9

20

2.75

* This mention does not constitute an
endorsement of product.

i

2” x0.18=0.36
11”7 x 0.25 = 2.75
13” 3.11

0.24

HERE

=TV STORED

3.11/13”

Weighted average

of the sustainable void
spaces in the “composite”
pervious pavement section.
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

MODRET

MODRET
SUMMARY OF RESULTS Version 6.1
(Windows 95/98/NT)
PROJECT NAME : Pervious Pavement I
CUMULATIVE WATER INSTANTANEOUS AVERAGE CUMULATIVE
TIME ELEVATION INFILTRATION INFILTRATION OVERFLOW
(hrs) (feet) RATE (cfs) RATE (cfs) (ft3)
| 00.00-0.00 06.500 0.000 *
0.00000
0.00 06.500 0.22092
0.19705
| 215 08.458 | 0.16417 0.00_ |
0.03079
4,69 08.420 0.02812 0.00
0.02545
10.61 08,217 0.02301 0.00__|
0.02057
28.34 08.129 0.01866 0.00
0.01675
37.08 08.057 0.01535 0.00__|
0.01395
45.81 07.008 0.01292 0.00__|
0.01190
54.54 07.047 0.01114 0.00_ |
0.01037
97.902 0.00979

As the Required Treatment Volume (RTV) of
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
the District’s “Basis of Review”.

Recovery @ 4.691 hours

Maximum Water Elevation: 98.438 feet @ 2.15 hours
* Time increment when there is no runoff
Maximum Infiltration Rate:  0.557 ft/day

= 96.50 feet

The SHGWT

Volume Infiltrated (ft

Water Elevation (ft)

* This mention does not constitute an
endorsement of product.

INFILTRATION : PERVIOUS PAVEMENT

____________________________________

Version 6.1 1
(Windows 95/98/NT) ~~ " 4

Total Volume Infiltrated =
1,808 CF (the Required
Treatment Volume).

Time (hrs)
Total Volume Infiltrated = 1,808 ft*

INFILTRATION : PERVIOUS PAVEMENT

MODRET

Version 6.1
(Windows 95/98/NT)

The rhaximum computjed stageé =
98.46 feet, which is below the
surface elevation of the pervious
pavement system (99.50 feet).

1 2 3 4
Time (hrs)
Max Water Elevation = 98.46 ft
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Mounding (recovery) analysis of the Required Treatment
Volume (RTV) using Modret * |..c..cu ™"

Elevation (ft)

CROSS SECTION :  Pervious Pavement CROSS SECTION :  Pervious Pavement

=88 [[Starting Water Level = 98.42 | 98 f Ctarting Water Level = 98.47 |
58.4 58.4
2.2 0a.2

93 g3
97.8 57.8
576 = 976 Bottom
97.41--Bottom elevation % 97.4 clevation of
g7.2}--- of the pervious 3 972 the pervious

97 pavement system = w 57 pavement

98.42 feet system =

95.8 95.8
o 98.42 feet
9.6 056
0G.4 054
«:| SHGWT elevation = 96.50 feet «.] SHGWT elevation = 96.50 feet

E O S0 400 200 200 000 100 200 300 400 SO0
Looking north / south through Looking east / west through the
the pervious pavement section pervious pavement section

Groundwater mound after
28 hours



Elevation ()

Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

CROSS S5ECTION :  Pervious Pavemellj_:t ing Water Level = 88,42 |
| =laring YWater Level = bo .42

83 .4
§8.2
58
§7.8
97.6
o Bottom
o elevation of
21"""'the pervious
&7 pavement
95.8 system =
- 98.42 feet
2| SHGWT elevation = 96.50 feet

=100 0 100 200 300
DISTANCE ALONG X AXIS (ft)

CROSS SECTION ALONG X AXIS AT Y AXIS = 0.00 ft @

Looking north / south through

-300 -200

the pervious pavement section

Groundwater mound after
46 hours

Elevation (ft)

endorsement of product.

* This mention does not constitute an

: Pervious Pavement

08,2
g3
97 3
07 .6
o Bottom
T elevation of
97.2 the-pervious
97 pavement
- system =
- 98.42 feet
oo,
x| SHGWT elevation = 96.50 feet

=100 0 100 200 300 400
DISTANCE ALONG Y AXIS (ft)
CROSS SECTION ALONG Y AXIS AT X AXIS = 0.00 ft
Looking east / west through the

pervious pavement section

-500 -400 -300 =200

200
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

* This mention does not constitute an
endorsement of product.

Starting Water Level = 83.42 |
119

CROSS SECTION :  Pervious Pavemé.

03.2
93

97.8
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= 9741 -Bottomn elevation
2 9721 ---of the pervious
s .| pavement system

= 98.42 feet
06.6
<] SHGWT elevation = 96.50 feet

=100 n 100 200 ann
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Looking north / south through

=00 =20
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882
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06.5

96.6

06.4

86.2

Starting Water Level = 58 42
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Bottom
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-400  -300  -Z00

the

pervious pavement section

Groundwater mound after
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Mounding (recovery) analysis of the Required Treatment
Volume (RTV) using PONDS * |- ™"

The PONDS * software package models an open pond or
trench with a porosity of 1.0. It does NOT directly model an
exfiltration trench (or pervious pavement) that has a porosity
less than 1.0.

Therefore, 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

This memo is shown on the next two (2) slides.
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* * This mention does not constitute an
PONDS 3.2 TECHNICAL MEMO | endorsement of product.

Date: September 25, 2006
Re:  Adjusting Geometry Parameters (etc) for an Exfiltration Trench

The following memo outlines some details that may need to be considered when modeling an
exfiltration trench (i.e., French drain, etc.) using the PONDS 3.2 Refined Method. These
considerations affect the following:

. Stage vs Area Data
. Maximum Area for Unsaturated Infiltration

Consider the example of a gravel filled trench as depicted in Exhibit 1 below.

Trench Width, W

5 Gravel Fill, e
“Porosity=n

Trench Height, H

Unsaturated
Zone

Exhibit 1. Gravel filled exfiltration trench

Page | of 4

http://devoeng.com/technical_memo.html

+ The width of the trench excavation is W. The bottom area of the excavation is W x L

» The porosity of the gravel fill is n, which for gravel fill is typically on the order of
n = 0.4, or 40%.

+ If vertical unsaturated infiltration is considered, then the soil voids in the soil beneath
the trench bottom are available for filling.
Problem...

PONDS 3.2 models an open pond/trench, i.e., porosity within the pond equals 1.0. It does not
directly model a pond/trench with a porosity less than 1.0.

In PONDS 3.2, the stage vs area data are used to define the storage volume relationship of the
pond, i.e., the stage vs area data are integrated in order to calculate the storage volume., When

analyzing a gravel filled exfiltration trench (or other trench configuration in which the internal
porosity of the trench is less than 1.0) the stage vs area data needs to be adjusted so that the
resulting storage calculation remains correct.

In order to do this, the areas in the stage vs area are adusted as follows:

Area g g = Area g xn=WxLxn

where

n is the porosity of the gravel fill
W is the width of the trench excavation
L is the length of the trench excavation

Adjusting the stage vs area data in this fashion, is equivalent to modelingan open trench
(porosity = 1.0) as depicted in Exhibit 2 below.

.... When .... the internal
porosity is less than 1.0, the stage
area data needs to be adjusted so

that the resulting storage
calculation remains correct.”

Page 2 of 4
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Adjusted Width
w=Wzxn

ey

Open Trench
n=1.0

Trench Height, H

Unsaturated
Zone

Exhibit 2. Equivalent open trench

Problem...

In PONDS 3.2 the volume of soil voids which is available for filling during vertical unsaturated
infiltration is determined by specifying a MaXIMUM AREA FOR UNSATURATED INFILTRATION.
PONDS calculates the volume in the soil voids beneath the specified area, and unsaturated
infiltration occurs until the soil void volume is filled. However, the Maximum Area for
Unsaturated Infiltration cannot be greater than the largest area in the stage vs area data, and
for an exfiltration trench (assuming vertical walls) the Maximurm Area for Unsaturated Infiltration
is generally equal to the area of the trench bottom.

The representation shown in Exhibit 2 above implies a Maximum Area for Unsaturated
Infiltration equal to W x L x n which is less than the actual bottom width of the trench, W x L.
Therefore, using this model configuration provides less available soil void volume for vertical
unsaturated infiltration, which may or may not be acceptable depending on the application.

In order to ensure that all of the soil void volume beneath the trench is available for vertical
unsaturated infiltration, the trench configuration shown in Exhibit 3 can alternately be utilized.

Page 3 of 4

http://devoeng.com/technical_memo.html

Adjusted Width
w=Wxn

A

Open Trench,
Porosity = 1.0

Trench Height, H

m Width, W o
L

dH = very small

=

Unsaturated
Zone

Exhibit 3. Blternate equivalent open trench in PONDS 3.2

In Exhibit 3 above, the area of the trench transitions from the actual trench bottom area (W x L)
to the equivalent porosity-adjusted area (W x L x n) over a small vertical increment (dH). This
preserves the soil void volume available for unsaturated infiliration, because it allows the
Maximum Area for Vertical Infiltration to be set to the actual trench bottom area. However, the
vertical increment (dH) needs to be set very small to avoid introducing a significant error in the
resulting storage volume calculation within the trench. (Setting the value of dH foo smalfmay
result in convergence problems, so this value may need to be determined iteratively.)

Mote: This example can be adapted for other types of trench configurations, such as a drain
pipe in a gravel envelope or a manufactured infiltration chamber system.

Page 4 of 4
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;di:f-sieﬁmdt; Top of Flexi-Pave * = 99.50 Adj USted Stage /
< area data for a
pervious pavement

Bottom of Flexi-
€ pave=09933

Povosty =10 r Set dH = 0.02 section using the
PONDS * Technical
Bottgm Width, W o dH=very small u
e e R
| S ple problem.

Unsaturated

|
| |
] " . . R
E Zone i SHGWT = 96.50 * This mention ‘doe.s‘ not constitute an
: i endorsement of product.
1
v !

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 SF
99.50 7,310 SF X 0.24 ** = 1,754 SF

** Weighted void space of the pervious pavement section (see a previous

slide for this value). Slide #197



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

PONDS Version 3.3.0229 Scenario Input Data
Retention Pond Recovery - Refined Method -

Copyright 2008
Devo Seereeram, Ph.D., P.E.

i Scenario 1 . 1808 ft3 slug load

Project Data
Project Name: Pervious Pavement Recovery Analysis Consulting Geotechnical Engineers Hy'd rograph Type: Sl ug Load
Simulation Description:  Design Section consistrs of 2 inches of Flexi-Pave over an 11 inch #57 stone reservoir, MOdﬂOW Routlng: ROUted Wlth mﬂltratlon
Project Number: not applicable 3
Treatment Volume (ft?) 1808
Engineer : Hank Higginbotham, P.E. Safety Factor
Supervising Enginser: - NONE of Two (2) Initial ground water level (ft datum) default, 96.50
Date: 12-17-2008 applied here.
] Time After Time After
Aquifer Data Storm Event Storm Event
Base Of Aguifer Elevation, [B] (ft datum): (days) (days)
Water Table Elevation, [WT] {ft datum): O B 1 DD 2 DDO
Horizental Saturated Hydraulic Conductivity, [Kh] (ft/day): 0250 2500
Fillakle Porosity, [n] (%) ?888 gggg
Unzaturated Vertical Infiltration Rate, [Iv] (ft'day): 1 500 4000

Maximum Area For Unsaturated Infiltration, [&v] (ft):

Geometry Data

Equivalent Pond Length, [L] (ft): 150.0
Equivalent Pond Width, [W] (ft): 50.0

Ground water mound is expected to intersect the pond bofiom

Stage vs Area Data

Stage

Except as noted, the input data
T : Adjusted stage / into the PONDS * model was the

G842
23 50 area data from the

G previous three (3) same as the previous Modret *
ischarge Structures .
Discharge Structure #1 is inactive Slldes. exam ple n

Discharge Structure #2 is inactive

Discharge Structure #3 is inactive
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Mounding (recovery) analysis of the Required Treatment
Volume (RTV) using PONDS * |..icici s "

PONDS Version 3.3.0229
Retention Pond Recovery - Refined Method @
Copyright 2008
Devo Seereeram, Ph.D., P.E.

\/@)
= _

Consulting Geotechnical Engineers

Summary of Results = Scenario 1 = 1808 f#* slug load

Time Stage Rats Volume
{thours) {ft datum) (ft3is) ()
Stage ]
i % As the Required Treatment

|n293-.:;_ Maximum - Positive 0.002 301.3333 VO I U me (RTV) Of 1 y 808 C F

Rate - Maximum - Negative MNane Nene

Cumulative Volume - Maximum Positive 0.002 1808.0

Cumulative Valume - Maximum Negative MNang MNone

recovers below the bottom of the
Infiltraticn n

ervious pavement system

Rate - Maximum - Negative Mone Nene

Cumulative Volume - Maximum Positive §.000 1808.0

Cumulative Volume - Maximum Negative Mone Mone

=i elevation of 98.42 feet in less than

Combined Discharge

Rate - Maximum - Positive Mone Mene 72 h -
ours (with a safety factor o
Cumulative Volume - Maximum Positive Mong Meone
Cumulative Volume - Maximum Negative MNane Mone - - - —
*  two), it meets the criteria specified
Discharge Structure 1 - inactive ) p
Rate - Maximum - Positive disabled disabled o o o o y
i . e in Section 5.2.c.2 of the District’s
Cumulative Valume - Maximum Positive disabled dizablad n n n
Cumulative Volume - Maximum Negative disabled digabled
Cumulative Volume - End of Simulation disablsd disabled 1 - - 1]
Discharge Structure 2 - inactive B aS I S Of Rev I eW [ ]
Rate - Maximum - Positive disabled digabled
Rate - Maximum - Negative disabled digabled
Cumulative Volume - Maximum Peositive disabled disabled
Cumulative Volume - Maximum Negative disabled dizabled
Cumulative Volume - End of Simulation disabled disabled

Discharge Structure 3 - inactive

Rate - Maximum - Positive disabled disabled
Rate - Maximum - Negative disabled digabled
Cumulative Volume - Maximum Positive disablsd disabled

n Negative

Cumulative Volume - Maximun

disabled disabled

Pollution Abatement:
36 Hour Stage and Infiliration Volume 36.000
72 Hour Stage and Infiltration Volume 72

Fervious Pavement Recovery Analysis 12-17-2008 11:37:31 SI ide #1 99



Mounding (recovery) analysis of the Required Treatment
V0|ume (RTV) USing PONDS * jﬂgi’fé:?;‘;:’:;);ziz ::Cort constitute an

Plot of Flow Rates and Pond Stage vs Elapsed Time
Scenario 1 :: 1808 ft* slug load

350 100.0

Top of the pervious pavement system = 99.50’
300 I (00 5

2501 1990

[l
o
=

Bottom of the pervious pavement system = 98.42’ 1085

o
=

198.0

800z ybBukdon

Volumetric Rate (ft*/s)
oYlaN paulay - Maaoaay puod uonualay
6ZTZ0°C'E UoIsIaA SANOJ

=

=
=
©
k=]
E
c

o
=
©
>

<
w

@

o
©

-
w

‘3'd “0°Ud ‘welsassag onsQ

100F+ 197.5

7

'97 U’ Consulting Geotechnical Engineers

Recovery to the bottom of the pervious
pavement system in about four (4) hours

50 |

20 30 40 50 60 70 80 90
Elapsed Time (hrs

Y1 Axis: Inflow Rate - Infiliration Rate - Discharge Rate - Y2 Axis: Pond Stage—
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Mounding (recovery) analysis of the Required Treatment
Volume (RTV) using PONDS * |..icici s "

ar.7

97.6

a7.5

a7.4

Elgvation{(ft datym)

@)
100

Plot of Ground Water Mound
Scenario 1 :: 1808 ft® slug load :: Time = 24.000 hrs

r 24 h

ourlld{lvater

purposes,
'mou

nd fre¢

pond.

wate

To

ee th

ont

chan

‘3'd “0°ud ‘weisalsag oaaq
800z Wybukdon
6220°¢"¢ UOISISA SONOd

CLIMAIT
OI‘I\JW |

eleva

tion =

| poyla|y pauuay - an0oay puod uonualey

96.5? feet

200 300

400
Distance Fro

Along Length Axis

Edge bf Pond (ft)
Along Width Axis

GO0 1000
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using PONDS *

* This mention does not constitute an

endorsement of product.

97.5

a7 4

97.3

97.2

Elevation (ft datum)

W
o
2]

96.8

96.7

Plot of Ground Water Mound
Scenario 1 :: 1808 ft® slug load :: Time = 48.000 hrs

>omparisot
pundwater

ponq,ﬁg t clic

§creen and

he settings|

SHGWT
elevation =

96.5? feet

200 300 400

Distance Fro

Along Length Axis

700 800 900

500 600
Df Pond (ft)

Along Width Axis

‘3'd “0°Ud ‘Weidaisag onag
800z Jubufdon
POyl paulay - Man0oay puod uonualay
6220°¢°E uoisiap SAONOd
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Mounding (recovery) analysis of the Required Treatment
Volume (RTV) using PONDS * |..icici s "

Plot of Ground Water Mound
Scenario 1 :; 1808 ft® slug load :: Time = 72.000 hrs

97 .4

9?.3}.

Groundwater mound

after 72 hours

g bmparison purp .

s oundwater mou §958

S ons ond. To see th E%Q

s | dwater mound f 285:

96.8 ponaq, r'g L ClC m %3
)

96.7
DEVER &
, elevation =
s 1— @ ————@————————————————————————————— Consult ing Geotechnical Engineers
96.50 feet ‘
1078 200 300 400 500 600 700 800 900 1000
Distance Fro Df Pond (ft)
Along Length Axis Along Width Axis
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Excel® BMP “Review Aid”

Using Beta Version 1.03 (dated 12/05/08)

Fictitious Example for a Small
Pervious Pavement Project that
Discharges Into Waters not
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.
flood control, land use intensity computations, landscaping
requirements, minimum # of parking spaces, etc.).
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The Excel® BMP“Review Aid” is available

from the following FTP site:
http://ftp.swfwmd.state.fl.us/pub/draft_imp_waters rev_aid/

Index of /pub/draft imp waters rev aid

Name Last modified olze Description

2008 08:34 -

Impaired Waters Pres..> 24-No
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Example Problem

Two (2) inches of Flexi™-Pave *
7 placed over a twenty-four (24) inch

IMPERVIQUS PAVEMENT & BUILDING ‘ .

AREA = 20,957 SF = 0689 ACRES - #57 stone storage reservoir.

N

NN

* This mention does not constitute an
endorsement of product.

NSNS

SRR RRLIR IS
‘03:3:30’0’0’&’0’0’0’0

PROPERTY & CONTRIBUTING
BASIN BOUNDATY ELEVATION
101.25' (TYPICAL)

5
=
th
=
- g
@ A
M
=[O
L
= LD
E o
L
- n y//
2 |
s 35 At f/
g < o / ......
Ers [} ~ - PERVIOUS PAVEMENT AREA /
S [, O =7.310SF - 0168 ACRES / Landscaped (green impervious) areas =
= o TGP ELEV. OF F’ER\{ICJUS N
2 L~ PAVEMENT = 99.50 | 6,123 SF = 0.141 Acres
| e L
iz Lo Impervious Pavement & Building = 29,957
TS A SF =0.688 Acres
- [— +l Wl - + . + - -
v LEGEND : GRAPHIC SCALE v LIS Pervious Pavement Area = 7,310 SF =
% BUILDING i a0
™ o 0.168 Acres
IN FEET TRaf
H o | PERVIOUS PAVEMENT IMPERVIOUS PAVEMENT nom: = . : .
oy m e PROPERTY b CONTRBUTING Gl f i it su | PRELIMINARY Total Property & Contributing Basin
b PAVEMENT EDGES 12,09, 18
T AT T W —— T T ATTACHMENT A" Boundary Area = 43,390 SF = 0.996 Acres
| e . puse Lielamsl - PERVIQUS PAVEMENT
HO DESGAPTIN HADE BY | APPD. mm:ll hin %&_%ﬂ?&%ﬁ ﬂmg mgsmrmhg\.lw-\!:gs Elrzﬂsl'—umum| =T .
=TT : Slide #206




—DOB GRATE ELEY. = §9.67° [OVERFLOW WATER ELEYATION)

TWC (2] INCH "NUISANCE FONDING” DEPTH IF FERVIOUS
PAVEMENT SYSTEM FAILS (SEE NOTE #2 BELOW)

ONME (17 INCH HIGH BY FIVE {5) FOOT LONG
SLOT OPENING IN CURE, INVERT = 84,87
DISCHARGE TO RECESSED LANDSCARPED AREA

CHE #+ REEAR {10 FEET LOWO) CENTEFED OWER CLRE SLOT OFENING
TOF GF PERMETER GURE ELEW, = 10000

[TrR. ARCUND PERWOLE PAYERMENT AFER)

TOP OF PERVICLS

FEVEMENT ELEY. = 93.50'

Example Problem

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

Available Pervious Pavement
Section Storage (S’) = 6.36
Inches (see below)

RECESSED LANI}SCAPED HREP-
TP, SIDE SLOPES TIE
EXGEPT IN THE ."A.REA 0F THE
CEl QUTFALL STRUSTURE

FIBERGLAS
SHIMMER

P

] §| 16% YOIDS |
ALL FIDEZ

TOP GF PAD ELEV.
- 98.1?'—*

REQLIRED

BTV

TREATHENT “QLUKE

RTY STORED
HERE

R
FILTER FABRIC
7 T|isEE NOTE #5)

-BOTTOM ELEV. OF ASGREGATE
RESERWOIR = HB.42°
"~

PROPERTY LINE

* This mention does not constitute an
endorsement of product.

WITH SAFETY
GR.

PROFERTY /HASIN BOUNDARY
ELEY. = 101.25" (TYPICAL)

kil 1 HOPPFR F:OII*(F'FF.' IIF‘.I’]A—NF‘CR)

/ HSG = *a*% SHOWT: 42°-72" B.LEF

CONFIMIMG UNIT: &3"—80" B.L.5.*

WERTIGAL SATURATED PERMEABILITY = Ky,
= B0 - 2040 MNHR* b

HORIZONTAL SATURATED PERMEABILTY = Khaat

KEh 9.0 — 30.0 IN. ,"'HFE

CMP | STORM

PCLLUTION
ELEOW
[12° MIMIMUY =
|CEBRIS SUNP

=at =

SEASOMNAL HIGH GROUMD

WATER TABLE (SHGWT) SHOWT ELEV.

TOP OF CLAY LAYER
’/ ELEY, = 95.00'%

LEGEND

PERMOUS PAYEMENT IMPERMEAELE

oL Ay LAYER

PRELIMINARY

SUBJECT TO REWSION
12,/15,/08

[na
L
=
[l
)
=
[l
]
'_
i
.
=
=
=
=T
]
o
)
'_

HIZH “0ID, MOWN CEMEMTED ACCRECATE BAEE (1LE. SRUTHED TTIHE)

SUBGRADE {TYRIGALLY HSG "4 PER USDA—HRCH ROIL SURWEY)

HBE = HYCROLCGIC &AL GROUP N O —|—E S
——

1] SEE CHAPTER SW—BMP-3.06 OF THE FDEP'S 1986 "FLORICA
DESIGH MAMUAL, & GUIDE TO SOUND LAMD AND WATER

&) FILTER FABRIC (AS SHOWN) IS RECOMMENDED TO
AVOIR GONTAMINATION WITH THE AGGREGATE STORAGE

MANLGEMENT' FOR ADDITIONAL GUIDELINES ON CONSTRUCTION RESERVOIR, AND TO PROVIDE SOME ARDITIGNAL (LIMITELR) = :
AMD MATERIAL SPECIFICATIONS. STRUCTURAL STABILUZATION TO THE PAVEMENT SECTION. Calculator for Pervious Pavement Section Storage (S’)
2] FREQUENT OR PROLONGED "MUISANCE POMDING® OF STORMWATER FILTER FABRIC MUST HAVE A PERMEABILUTY GREATER Thickness | SUSTAINABLE Void
4BOVE THE PERWOUS PAWEMENT SURFACE INDICATES THE WEED  THaM THE SOIL BELOW. Layer (in) Space (%) Storage (in)
FOR MAIMTEMANCE /REPLACEMENMT OF THE PERWOUS PAVEMEMT &) THE DBI QUTFALL DETAIL SHOWN ABOVE 15 ONLY | : |
RETEMTIZN SYSTEM BY THE OWHER. OME OF SEVER&L OPTIOMS AVAILABLE TO THE Flexi Pave® | 2 18 | 0.36
+ 3] WALUES, AS NOTED ABOVE, WILL WARY FROM SITE TO SITE. Egglﬁ%ﬂscmﬂﬂéﬁgﬁgéﬁST%EPEE_}'E%LETEE%%S%&SSESE Other Perv. Pvmt. (see Note #1 above) | 0 15 | 0
£ EXCERT FOR DRIVE ENTRAMCE ALONG THE RUBLIC ROAD, AOCEPTABLE. PROYVIOED THAT THET MEET THE #57 rock | 24 25 6
A &% HIGH CONCRETE CURE JOINS ALL PAVEMENT EDGES. REQUIREMENTS OF SECTION B..E OF THE CISTRICTS #89 pea rock 0 25 0
(SEE SHEET #1 AND DETAIL ABDVWE FOR EDGE OF PAVEMENT "BASIS OF REVICW" s &1 rock 0 20 0
AND/OR TOP OF CURE ELEVATIONS). ' -
/! ) 7) PLACE A 4" THICK CONGRETE PAD UNDER THE Recycled (cr ) Concrete 0 25 0
SKIMMER TO REDUCE THE POTENTIAL FOR GRASS AND Black and Gold 0 9 0
DTHER PLANT MATERIALS FROM CLOSSING THE QUTFALL. Other Sub Base (see Note #1 above) 0 20 0
| |
T | ATTACHMENT "B"
WA BT: | HHPE [vzmemll s = 6.36

APPRIYED BT

SECTION A-A
(LOOKING SOUTH)

PEAYPYE &3 OF 12-15—040%W2 | SHEET #2

APPRED BT
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IS ADRAFT DOCUMENT SUBJECT TO REVISION

IMPORTANT NOTES!!!

Evaluation of Current \
Stormwater DESIgn I N TRO D U C TIO H 0 M E 1) DO NOT navigate through this spreadsheet by using the RED tabs on

Criteria with "_‘ the PAG E the bottom of the Excel window. You will get lost! To get to the
State of Florida appropriate tabs USE the buttons that look just like...

THIS ONE!!!

2) This spreadsheet is best viewed at 1280 EY 1080 PIXELS screen
resolution. If the maximum resolution of your computer screen is lower
than 1280 BY 1080 PIXELS you can adjust the view in the Excel VIEW
menu by zooming out to value smaller than 100 PERCENT.

DRAFT BEST MANAGEMENT PRACTICE REVIEW A ‘ CLICK HERE TO START

Final Report

e Stormwater o

s Management
e ACADEMY

FLORIDA DEPARTMENT OF
ENVIROMNMENTAL PROTECTION

3) This spreadsheet has incorporated ERROR MESSAGE WINDOWS.
Your analysis is not valid unless ALL ERROR MESSAGE WINDOWS are

FDEP Contract Me, SO108 clear.
June 2007 4) PRINTING INSTRUCTIONS: The print settings in this spreadsheet are
adjusted so only the necessary information is printed. For the best
printing results, print the page to MICROSOFT OFFICE DOCUMENT
Prepared By: IMAGE WRITER (typically the default) or ADOBE PDF, save the page as

Harvey H. Harper, Ph.D., PE. an image document, then print the document you saved.

Dravid M o, FE.

Environmental Research & Design, Inc. 5) Click on the button located on the top of this window titled CLICK
B oronde L Sdmz T HERE TO START to begin the analysis.

Orando, FL 32812

Disclaimer: These workbooks were created to assist in the review of commonplace calculations. These are not District approved or required. All users are responsible for
validating the accuracy of the internal calculations. If errors or omissions are noted within this workbook, please e-mail Christopher Kuzlo, E I at
christopher kuzlo@watermatters.org, Hank Higginbotham, P E. at hank higginbotham@watermatters. org or Richard Alt, P_E. at richard alt@watermatters.org with specific
information so that revisions can be made. Public telephone support or training will not be available.

BETA Wersion 1.00 10/31/2008 Initial release to District staff and the public.

BETA Wersion 1.01 11/21/2008 Updated the natural land use characteristics, and corresponding Event Mean Concentrations, from Dr. Harper's TAC presentation on October 01, 2008.

Added multiple land use capabhility for pre and post-developed contributing basins (up to 3 land uses per contributing watershed).

Added the ability to specify other Event Mean Concentrations by the user {the user must document and justify these inputs as a part of hisfher ERP application).
Simplified input on the Required Treatment Efficiency tab.

Added an exfiltration trench storage calculator as a new Best Management Practice option.

Added additional error and omission traps to assist the user.

Corrected an input error for Curve Number values between 95 and 98 (problem from BETA Version 1.071).

Added a Conventional Roof land use option, with a corresponding Event Mean Concedntration (frorm Dr. Wanielista's technical memorandum dated October 30, 2008).
BETA Wersion 1.03 12/5/2008 Added greenroof systems to the Treatment Train tab.

Added a latteral spacing calcualtor to the Underdrain System BMP.
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This Example is located in Winter Haven
(Zone 2), with an annual rainfall of 50”

GENERAL SITE INFORMATION: |

INTRODUCTION HOME PAGE I

Blue Numbers = | Input data

DESIGNATED METEOROLOGICAL REGIONS (ZONES) IN FLORIDA

Red Numbers = | Answers

STEP 1: Select the appropriate Meteorological Zone and input the
appropriate Mean Annual Rainfall amount.

Meteorological Zone (Please use zone map)

Mean Annual Rainfall (Please use rainfall

CLICK ON CELL BELOW TO SELECT
Zone 2

CLICK HERE TO VIEW ZONE MAP

CLICK HERE TO VIEW MEAN ANNUAL
RAINFALL MAP

STEP 2: Select the REQUIRED TREATMENT EFFICIENCY button in SINGLE SYSTEM windew if the project area will be treated in single system. Select the TREATN
TRAIN - MULTIPLE SYSTEM ANALY SIS button in the MULTIPLE SYSTEM WINDOW if multiple systems will treat the project area.

SINGLE SYSTEM WINDOW

MULTIPLE SYSTEM WINDOW

REQUIRED TREATMENT EFFICIENCY

Systems available for analysis:

Dry Retention Ponds
Exfiltration Trenches
Underain System Ponds
Pervious Pavement
Wet Detention

TREATMENT TRAIN - MULTIPLE SYSTEMS
ANALYSIS

RESET INPUT FOR SINGLE
SYSTEM TABS

Systems available for analysis:

Dry Retention Ponds
Exfiltration Trenches
Underain System Ponds
Pervious Pavement
Wet Detention
Stormwater Reuse
Greenroof

RESET INPUT FOR MULTIPLE
SYSTEMS TABS

Clusters

D >
()R ANGE ™
VTN |
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This Example is a single system analysis

Blue Numbers = Input data

GENERAL SITE INFORMATION: INTRODUCTION HOME PAGE T e

STEP 1: Select the appropriate Meteorclogical Zone and input the
appropriate Mean Annual Rainfall amount.

CLICK ON CELL BELOW TO SELECT
Meteorological Zone (Please use zone map): Zone 2 CLICK HERE TO VIEW ZONE MAP
e e e _— - 50.00 Inch CLICK HERE TO VIEW MEAN ANNUAL
ean Annual Rainfall (Please use rainfall map): . nc RAINFALL MAP

STEP 2: Select the REQUIRED TREATMENT EFFICIENCY button in SINGLE SYSTEM window if the project area will be treated in single system. Select the TREATMENT
button in the MULTIPLE SYSTEM WINDOW if multiple systems will treat the project area.

MULTIPLE SYSTEM WINDOW

TREATMENT TRAIN - MULTIPLE SYSTEMS
REQUIRED TREATMENT EFFICIENCY ANALYSIS

Systems available for analysis: Systems available for analysis:

Dry Retention Ponds Dry Retention Ponds
Exfiltration Trenches Exfiltration Trenches

Underain System Ponds C I ick he re to Undgrain System Ponds

Penrvious Pavement
Wet Detention - Wet Detention
CO ntl n U e Stormwater Reuse
Greenroof
RESET INPUT FOR SINGLE RESET INPUT FOR MULTIPLE
SYSTEM TABS SYSTEMS TABS
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Enter the contributing watershed data

REQUIRED TREATMENT EFFICIENCY:

Blue Numbers =

Input data

GENERAL SITE INFORMATION PAGE flue Humbers -

Answers

STEP 1: Specify pre- and post-development basin(s) characteristics.

CLICK HERE TO SPECIFY PRE- AND POST-
DEVELOPMENT CONTRIBUTING BASIN(S)

CHARACTERISTICS

Pre-development basin(s) characteristics:

Pre-Developed Non DCIA CN:
Pre-Developed DCIA Percentage:
Annual runoff volume:

Annual Mass Loading - Nitrogen
Annual Mass Loading - Phosphorus

Post-development basin(s) characteristics:

Post-Developed Non DCIA CN:
Post-Developed DCIA Percentage:
Annual runoff volume:

Annual Mass Loading - Nitrogen
Annual Mass Loading - Phosphorus

0.00

0.00|%

ac-ftlyear

kglyear

kglyear

0.00

0.00|%

ac-filyear

kglyear

kgiyear

Click here for
Step #1

Required Treatment Efficiency:

Reaquired Treatment Eff (Nitrogen):
Required Treatment Eff (Phosphorus):

%
%

CLICK HERE TO VIEW
REQUIRED TREATMENT
EFFICIENCY
METHODOLOGY

STEP 2: Select the appropriate treatment system.

DRY RETENTION POND

PERVIOUS PAVEMENT

EXFILTRATION TRENCH

UNDERDRAIN SYSTEM
POND

WET DETENTION
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Example #1 — Retention System Design

Existing Conditions:

= Contributing watershed size &
location — 0.996 Acres near Winter
Haven that discharge into an impaired
water body.

= Annual Rainfall depth — 50 inches
= Land Use — Mixed hardwood forest

= Ground Cover — Poor Condition,
HSG = “A” with a composite non-DCIA |
curve number (CN) = 45 (refer to Table TR-55 documentation (from the

2-2c from TR-55) NRCS) is available at the following

web address:
. DCIA percentage — Zero percent http://www.wsi.nrcs.usda.gov/products/W2Q/H&H

(0.0%) [Tools_Models/other/TR55.html

Determine the pre-developed nitrogen

& phosphorous loadings. o



Enter the contrlbutlng watershed data

. g ’.‘ - -- --—-—- 3 _% B & & -- - I‘\I : !
s - % ] "'. i‘ - "_-':._. A fI\' |
After data entry RSl
=, ;.‘7; : L) !
™ o = | |
click here to go %
back to Step #2
2
Pre-PDeveloped L.anc : %
%
“r' = DI ’G\. L1
' \ 5
bers = Input dat
SIN(S) TO SINGLE SYSTEM REQUIRED TREATMENT EFFICIENCY AT Y
OVERWRITE DEFAULT CONCENTRATIONS:
CLICK ON CELL BELOW TO SELECT PRE: POST:
re Developed Land Use: Undeveloped - Mixed Hardwood EMC(NY): 0.000| ma/L 0.000 | ma/L
EMC(P): 0.000|mg/L 0.000| mg/L
- i i CLICK ON CELL BELOW TO SELECT:
Total pre-developed basin area: 1.00|AC USE DEFAULT CONCENTRATIONS
Post-developed area (contributing basin to the pond, excluding pond): 0.69|AC
Pre-Developed Non DCIA CN: 45.00 Pre-development Annual Mass Loadina - Nitroaen: 0.015 [kalvear
Pre-Developed DCIA Percentage: 0.00] % Pre-development Annual Mass Loading - Phosphorus: 0.026 | kg/year
Post-Developed Non DCIA CN: 89.00 Post-development Annual Mass Loading - Nitrogen: 6.140 | kg/vear
Post-Developed DCIA Percentage: 85.00|% Post-develooment Annual Mass | oading - Phosphorus: 0.883 |kalyear
Recessed Landscaped (green impervious) area = 6,123 SF = 0.141 Acres
From Table 2-2a of TR-55 (for a commercial site placed over Impervious Pavement & Building = 29,957 SF = 0.688 Acres
HSG = “A” soils), the CN = 89, with an estimated DCIA of 85% Pervious Pavement Area = 7,310 SF = 0.168 Acres

otal Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres
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Go to Step #2 to view the results

REQUIRED TREATMENT EFFICIENCY: |GENERAL SITE INFORMATION PAGE A— S
STEP 1: Specify pre- and post-development basin(s) characteristics.
CLICK HERE TO SPECIFY PRE- AND POST-
DEVELOPMENT CONTRIBUTING BASIN(S) i
CHARACTERISTICS Click here for
|Pre-development basin(s) characteristics: |
Pre-Developed Non DCIA CN: Ste p #2
Pre-Developed DCIA Percentage: %o
Annual runoff volume: 0.042 |ac-ftlyear
0.015|kg/year
kglyear
| Post-development basin(s) characteristics:
FPost-Developed Non DCIA CN:
FPost-Developed DCIA Percentage: % Required Treatment Efficiency:
Annual runoff volume: 2.075|ac-ftiyear
Annual Mass Loading - Nitrogen 6.140 kglyear Required Treatment Eff (Nitrogen): 99.76|%
Annual Mass Loading - Phosphorus kgiyear Reqguired Treatment Eff (Phosphorus): 97.08(%
STEP 2: Select the appropriate treatment system.
UNDERDRAIN SYSTEM
CLICK HERE TO VIEW EXFILTRATION TRENCH .
REQUIRED TREATMENT
EFFICIENCY PERVIOUS PAVEMENT WET DETENTION
METHODOLOGY
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Analysis Results

SINGLE PERVIOUS PAVEMENT SYSTEM: Blue Numbers = Input data

Red Numbers = Answers

CONTRIBUTING BASIN AND PERVIOUS PAVEMENT CHARACTERISTICS:

Entire contributing basin area: 0.69|ac
Required treatment efficiency: 99.76|%
Storage provided in specified pervious pavement system ONLY:

Pervious Pavement Section Storage Calculator (8')

Thickness

Veid Space | Storage
(%ola (in):
0.36

Flexi Pave®
Other PerjliPvmt. (see notiig .
#57 rock

Required water quality retention (for the total contributing basin): 10,019|cf
if pervious pavement is the only desired design option: 0.230|acft
Required area for pervious pavement system based on storage provided

6.00
0.00

#4 rock 0.00 0.00

Recycled (crushed) concrete 0.00 25 0.00
Black and Gald™ 0.00 9 0.00

Other Sub Base (see note # 1 below) 0.00 0 0.00

CLICK HERE TO GO TO REG
TREATMENT EFFICIEN4

RED
TAB

ERROR ME3SAGE WINDOW FOR SINGLE PERVIOUS PAVEMENT:

WARNING: THE REQUIRED TREATMENT EFFICIENCY
EXCEEDS THE HIGHEST TREATMENT EFFICIENCY
ASSOCIATED WITH MAXIMUM RETENTION OF 4.00 CLICK HERE TO VI NETHODOLOGY FOR

INCHES (SEE APPENDIX D OF THE HARPER REPORT PERVIO AVEMENT SYSTEMS

DATED JUNE 2007). THE SPREADSHEET WILL
UTILIZE 4.00 INCHES FOR VOLUME COMPUTATION.

ERROR ME3SAGE WINDOW FOR SINGLE PERVIOUS PAVEMENT:

E NUMBER CALCULATOR FOR
PERVIOUS PAVEMENT SYSTEM

The provided pervious pavement

area = 0.168 Acres, which is less
than the required 0.43 acres. _ _ _

. .. Note #1: For other pervious pavement sections and / or other sub-base sections, the

Therefore, the deS|gn IS Inadequate. User must supply the appropriate certified " Sustainable Void space percentages” from

a licensed geotechnical laboratory.

CLICK HERE TO VIEW TYPICAL PERVIOUS
PAVEMENT SYSTEM SCHEMATIC
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Revise the design (using trial & error) until the pervious
pavement system can retain more storm water.

This data will change with a
revised design.

Entire contributing basin area:

Required treatment efficiency:

storage provided in specified pervious pavement system ONLY:
Required retention over the total contributing basin for required efficiency:
Required water quality retention (for the total contributing basin):

If pervious pavement is the only desired design option:

Required area for pervious pavement system based on storage provided
In designed section (see button above):

Potential Design Revisions & Required Analysis:

Increase the area of the pervious pavement parking lot.

Increase the thickness of the pervious pavement system.

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
additional information.

Check the RTV recovery time using the required mounding analysis.
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District Training Memorandum on B/D soils

Importing HGS “A” soils over HSG “B/D” soils

to provide additional clearance from the proposed finished grades to
the historical SHGWT elevations.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
RESOURCE REGULATION
TRAINING MEMORANDUM

District
Training
Memorandum

This document is subject to change. It in doubt, verity
current status with Technical Services staff or the

author(s).
DATE: January 15, 1997
SUBJECT: TM/ERP - 970116.b1
USDA-NRCS Hydrologic Soil Groups and Development Effects
: % TO: Surface Water Managers and Staff
FROM:

Charlie H. Miller, P.E., Chief Regulation Engineer, Technical Services

THIS TRAINING MEMORANDUM MUST NOT BE CONSIDERED AS DISTRICT POLICY.
PERMIT APPLICATIONS MUST BE ISSUED OR DENIED SOLELY ON DISTRICT RULE

CRITERIA AND STATE STATUTE AUTHORITY. THE PURPOSE OF THIS DOCUMENT
IS TO PROVIDE GENERAL GUIDANCE AND TRAINING FOR REGULATION REVIEW
BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN MAY BE MODIFIED IN
APPROPRIATE CIRCUMSTANCES.
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- 17| Example Problem
| . o
/I Two (2) inches of Flexi™-Pave *
Lz placed over a fifteen (15) inch #57
[
= E stone storage reservoir.
m
s E’j * This mention does not constitute an
% o §= - / endorsement of product.
s i3 l 4
E é:—ﬂ = S
W = X BUILDING & PERIMETER SIDEWALK };" 5 |
Gin-m , ; E_A?E S- u.s?scn Z /
ool BB 0200000000000 -
. ST TR RS SRS -y
: b o SRR e
-+ }@ -C;;:_g BUILDING FLOOR } d \;f ]
: }x@\g g/ci;‘f FLEV, = 101,25 52 ggc Sl
SOOI S K 2=
100 & RSB > [
[ o (SR RIS 2 C\ i na
};Q g ; RREEL G& z o
Ldd
-
] Q '! " . i {g k)\l’
E g N\ iJj o SRS R e T T \,\L ' ______
o =L 'D O ‘D’
oEs [ o O A4 { -
Efg; }@'PEnwous PAVEMENT AREA o a ] ' —
[ = 20,791 S5F = 0.477 ACRES i i =
8% a D o) Tob ELtv. OF FERqOUS () (SEE SHEET $2) 5 i Landscaped (green impervious) areas
N n ' PAVEMENT = 99.50° q 6,123 SF = 0.141 Acres
c2g }GSGUOUDSDBDSGSGL;G;}D " ’
£zn9 oL eEEE el o IR e Sl e SuEe Il o SN, \,\@ aEel Decreased Impervious Area (Building &
=T - - .
Ta il A Perimeter Sidewalk remain) = 16,476 SF =
T -r . - ' ! 1 0.378 Acres
{ LECEND 4 GRAPHIC| SCALE hE
BUILG MG a 30 .
™ To STORM Increased Pervious Pavement Area =
N FEET
;}\{} PERWVOUS PAVEMENT IMPERWIOUS PAVEMENT%E}EEEETTEQERPL%E%EDENFT&%H FREETEE?EAHY 20,791 SF = 0.477 Acres
o FLOW ARROW ™ = | = O O ARy MO Bt e alse ones L | et g || . _
TR —— T T T ATTACHMENT A" Total Property & Contributing Basin
wugerr [mmee Taeenwa]  PERVIQUS PAVEMENT
- — ——— i ity e DLAN Boundary Area = 43,390 SF = 0.996 Acres
. Eevi=one - A13-NRT- T4, 200 e SCALE AH HOTED [FERVR'IA AS: OF 12~1B-CELING| SHEET A1 |
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REGESSED LANDSCAPED AR
TP, SILE SLOFPES A1
EXCEFT IN THE AREA OF
CEl QUTFALL STRUCTURE

by
H:

E

—DBl GRATE ELEY. = 39.687" [OVERFLOW WATER ELEWATION)

TWO (2] INGH "NUISANGE FONDING” DEPTH IF PERWVIOUS

PAVEMENT SYSTEM FAILS (SEE NOTE #2 BELOW)
ONE (1) INCH HIGH BY FIVE {5) FQDT LONG

SLOT OPEMING IN CURBE, INVERT = 0067
DISCHARGE TO RECESSED LANMDSCAFED AREA

OHE §4 AEBAR {10 FEET LONE) CENTERED OWER CLRE 20T OPENING

ZHIMMEFR

FIBERGLASS

TOF OF PERMETER CURB ELEY, = {0000
(TP, AROUMD FERWOLE PAYEMENT AREA)
TCR OF PERWICUS

PANEMENT ELEW. =

P

99,50°

I5555555555!

—951?_*

127 O
ALL SDES

TOF OF PAD BLEW

| 18% YOIDS

KECUIRED

RTv
TREATMENT WELULE

RTY STORED
HERE

101,25 {TYPICAL)

BITEH
BUTTOM
IMLET
(DAl

PROPERTY LINE

PROPERTY /BASIN BOUNDARY

ELEY.

CMP ] STORM
SHWER

[12° MiNUM
|CEBRIS SUMF =

POLLUTION
ELEDY

WITH SAFETY
GRA

ZL|FILTER FABRIC
X (SEE NOTE #5)-.
kS

‘BOTTaM ELEY, {]F AGGHEGATE
RESERWOIR = HE.

MILLHOPPER S0ILT(PER UISDA—MRES)
HEG = "a"F SHowT: 42'-72" B.LsY
CONFIMIMG UMIT: 53"—A0 ELS.
YERTICAL SATURATED: PERMEABILITY = Kv
= 6.0 — 20.0 IMFHR.F
HORIZONTAL SATURATED F'ERMEABIIJTY = Kh,

ot
Khyat= 80 — 30.0 INHRT

LEGEND

PERVIZAIS PAVEMENT

TO ROADWAY STORM SEWER

SEASOMNAL HIGH GROWUMND

WATER TABLE [SHGWT) SHEWT ELEV.

TR DF CLAY LM’EH
/ ELEY, = 0500

TMPERMERELE
lol Ay LAYER E

HIGH b, MOM—CEMEMTED AGBREGATE BASE ([LE. CRUSHED 3TOME)

FUBGRADE {TYPICALLY H3G "a" PER UADA-NRCS SOIL SURWEY)

HES = HYDROLGGIC S0lL GROUP

1) SEE CHAPTER Sw—BMP—2.06 OF THE FDEPR'S 1985 “FLORIDA
DEZICH WAMUAL, & GUIDE TO SOUND LAND AND WATER
MANAGEMENT" FOR ADRDITIONAL GUIDELINES ON COMSTRUGCTION

ANMD MATERIAL SPECIFICATIONS.

) FREQUENT OR PROLOMGED "NUISAMCE POMDINGT OF STORMWATER
EEOYE THE PERVIOUS PAYVEMENT SURFACE INDICATES THE MEED
FOR MAINTENANCE /REPLACEMENT OF THE PERWOUS PAVEMENT

RETEWTION =YSTEM BY THE DWHER.

#3) WALUES, A5 NOTED ABOVE, WILL “ARY FROM SITE TO SITE.

4y EXCEPT FOR DRIVE ENTRANCE ALONG THE PUHLIC ROAD,
A 6" HIGH CONCRETE CURE JOIMS ALL PAVEMENMT EDGES.
{SEE SHEET #1 AND DETAIL ABOWE FOR EDSE OF PAVEMENT

AMD /OR TOP OF CURE ELEWATIONS).

PRELIMINARY

SUBJECT TO REVSION
12,419 foa

NOTES

5] FILTER FABRIC (&S SHOWM) |5 RECCMMEMDED TO
AWVOID CONTAMIMATION WITH THE AGGREGATE STORAGE
RESERWOIR, AND TO PROYIDE SOME &CCATICNAL (LIMITED)
STRUCTURAL STABIUZATION TO THE FAVEMENT SECTION,
FILTER FABRIC MUST HAVE A PERMERBIUTY GREATER
THAN THE S0IL BELGW,

5 THE DBI CUTFALL DETAIL SHOWM AROVE IS OMLY
DOME OF SEVERAL DFTIONT AWAILABLE TO THE
ENGIMEER OF RECORD TO FREVENT CQILS AND GREASES
FRZM DISCHARGING OFF—SITE, ALTERMATE DESIGNS ARE
ACCEPTAELE, PROYIDED THAT THEY MEET THE
REQUIREMENTS OF SECTIOM &.1.E OF THE DISTRICTS
"BASIS OF REWVIEW',

7] PLACE A 4" THICK CCOMCRETE PAD UNDER THE

SKIMWER TO RECUCE THE POTEMTIAL FOR GRASS AN
OTHER PLANT MATERIALS FROW CLOGGING THE QUTFALL,

Example Problem

Two (2) inches of Flexi™-Pave *
placed over an fifteen (15) inch #57
stone storage reservoir.

Increased Pervious
Pavement Section Storage

(S ) =4.11 Inches (see below)

T e s

Calculator for Pervious Pavement Section Storage (S')

ATTACHMENT "B"

SECTION A-A
(LOOKING SOUTH)

PERYPYS &S OF 12-12-0A0WS | BHEET g2

Thickness i
Layer (in) SUST;;;l:EB{I;f] s Storage (in)

Flexi Pave® 2 18 0.36

Other Perv. Pvmt. (see Note #1 above) 0 15 0
#57 rock 15 25 3.75

#89 pea rock 0 25 0

#4 rock 0 30 0

Recycled (crushed) concrete 0 25 0

Black and Gold™ o | 9 0

Other Sub Base (see Note #1 above) 0 | 20 0
S'= 4.11
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Enter the contrlbutlng watershed data

SR b l‘\ r h i
After data entry, )
click here to go a
back to Step #2 g
]
2
re=pevelobec AN 0 s /
- - r' e g - | e § - e -
' \ LSS
B umbers = Input data
SIN(S) TO SINGLE SYSTEM REQUIRED TREATMENT EFFICIENCY SR [
VERWRITE DEFAULT CONCENTRATIONS:
CLICK ON CELL BELOW TO SELECT PRE: POST:
Undeveloped - Mixed Hardwood EMCI{N): 0.000| mg/L 0.000| mg/L
EMC(P): 0.000| mg/L 0.000| mag/L
- i 1 CLICK ON CELL BELOW TO SELECT:
Total pre-developed basin area: 1.00|AC USEDEFAULT CONCENTRATIONS
Post-developed area (contributing basin to the pond, excluding pond): 0.38
Pre-Developed Non DCIA CN: 45.00 Pre-development Annual Mass Loadinag - Nitrogen: 0.015|kalyear
Pre-Developed DCIA Percentage: 0.00]¢ Pre-development Annual Mass Loadina - Phosphorus: 0.026 | kalyear
Post-Developed Non DCIA CN: 89.00 Post-development Annual Mass Loadina - Nitroaen: 3.382 | kalvear
Post-Developed DCIA Percentage: 85.00(¢ : al M: adino - : 0.486 | kglyear
] i Landscaped (green impervious) areas = 6,123 SF = 0.141 Acres
From Table 2-2a of TR-55 (for a commercial site placed over Decreased Impervious Area (Building & Perimeter Sidewalk remain) = 16,476 SF = 0.378 Acres
HSG = “A” soils), the CN = 89, with an estimated DCIA of 85% Increased Pervious Pavement Area = 20,791 SF = 0.477 Acres

Total Property & Contributing Basin Boundary Area = 43,390 SF = 0.996 Acres
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Go to Step #2 to view the results

. Blue Numbers = Input data
REQUIRED TREATMENT EFFICIENCY: [GENERAL SITE INFORMATION PAGE T —
STEP 1: Specify pre- and post-development basin(s) characteristics.
CLICK HERE TO SPECIFY PRE- AND POST-
DEVELOPMENT CONTRIBUTING BASIN(S) i
CHARACTERISTICS Click here for
I Pre-development basin(s) characteristics:
Pre-Developed Mon DCIA CN: Ste p 1 '1 2
Pre-Developed DCIA Percentage: Yo
Annual runoff volume: 0.042 |ac-ftlyear
0.015(kg/year
kglyear
I Post-development basin(s) characteristics
Post-Developed Non DCIA CN:
Post-Developed DCIA Percentage: % Required Treatment Efficiency:
Annual runoff volume: 1.143|ac-ftiyear
Annual Mass Loading - Nitrogen 3.382 | kglyear Required Treatment Eff (Nitrogen): 99.56 | %
Annual Mass Loading - Phosphorus kglyear Required Treatment Eff (Phosphorus): 94.70(%

CLICK HERE TO VIEW
REQUIRED TREATMENT
EFFICIENCY
METHODOLOGY

STEP 2: Select the appropriate treatment system.

PERVIOUS PAVEMENT

UNDERDRAIN SYSTEM

EXFILTRATION TRENCH POND

WET DETENTION
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Analysis Results

SINGLE PERVIOUS PAVEMENT SYSTEM: e = but dato
CONTRIBUTING BASIN AND PERVIOUS PAVEMENT CHARACTERISTICS:
. . . Entire contributing basin area: 0.38|ac
Pervious Pavement Section Storage Calculator (8') e ot ma 99.56 9%
Thickness |Void Space | Storage | Storage provided in specified pervious pavement system ONLY: 4.11|in
(%) (in):
Flexi Pave® 2.00 0.36 Required water quality retention (for the total contributing basin): 5,518|cf
Other Pe vmt. (see no if pervious pavement is the only desired design option: 0.127 |ac
#57 rock 15.00 3.75 Required area for pervious pavement system based on storage provided 0.37 |ac
2 0.00
#4 rock 0.00 30 0.00
Recycled (crushed) concrete 0.00 25 0.00
Black and Gold™ 0.00 9 0.00
Other Sub Base (see note # 1 below) 0.00 0 0.00
CLICK HERE TO GO TO RE ED
ERROR MESSAGE WINDOW FOR SINGLE PERVIOUS PAVEMENT:

TREATMENT EFFICIEN AB

WARNING: THE REQUIRED TREATMENT EFFICIENCY
EXCEEDS THE HIGHEST TREATMENT EFFICIENCY

ASSOCIATED WITH MAXIMUM RETENTION OF 4.00 CLICK HERE TO VI THODOLOGY FOR
INCHES (SEE APPENDIX D OF THE HARPER REPORT PERVIOU EMENT SYSTEMS

DATED JUNE 2007). THE SPREADSHEET WILL
UTILIZE 4.00 INCHES FOR VOLUME COMPUTATION. E NUMBER CALCULATOR FOR
ERROR MESSAGE WINDOW FOR SINGLE PERVIOUS PAVEMENT: PERVIOUS PAVEMENT SYSTEM

The provided pervious pavement area =

0.477 Acres, which is greater than the CLICK HERE TO VIEW TYPICAL PERVIOUS

required 0.37 acres. Therefore, the design is PAVEMENT SYSTEM SCHEMATIC

Okay so far! pendmg the results of the Note #1: For other pervious pavement sections and / or other sub-base sections, the

required mounding analysis. User must supply the appropriate certified "Sustainable Void space percentages” from
a licensed geotechnical laboratory.
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Revised Mounding Analysis

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

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

From the previous slide, the retention portion of the
analysis is okay, and the new RTV = 5,518 CF

Two (2) inches of Flexi™-Pave *
placed over a fifteen (15) inch #57
stone storage reservoir.

Calculator for Pervious Pavement Section Storage (S')

SUSTAINABLE Void
Space (%)

Flexi Pave® . . 18 [

Other Perv. Pvmt. (see Note #1 above) | | 15 I

25 |

25 |

|

|

Layer

‘ Storage (in)

0.36
0
3.75

30

Recycled (crushed) concrete | ! 25
Black and Gold™ 9

Other Sub Base (see Note #1 above) 20

S'=

Reduwed water gquahty retention (for the 1:::13._I contributing Easm}: 6,518
if pernvious pavement is the only desired design option 0.127
Required area for pervious pavement system based on storage provided 0.37

in designed section (see button above)

cf
ac-ft
ac

A mounding analysis is now required to

demonstrate 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

slides for the recovery analysis.
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Mounding (recovery) analysis of the Required Treatment
V0|ume (RTV) using MOdret * * This mention does not constitute an

endorsement of product.
MODRET

Version 6.1

MODRET
(Windows 95/98/NT)
SUMMARY OF UNSATURATED & SATURATED INPUT PARAMETERS

MODRET
TIME - RUNOFF INPUT DATA

MODRET
Version 6.1
(Windows 95/98/NT)

PROJECT NAME: PERVIOUS PAVEMENT - REVISED FOR INCREASE I

PROJECT NAME : Pervious Pavement - REVISED

N WO LIME 2N NATA )
POLL 200’/ 150’ STRESS INCREMENT VOLUME
UNSABURATED ANALYSIS INCLUDED PERIOD OF TIME OF RUNOFF
NUMBER (hrs) (fe3)
Weighted average of the — - 22
Pond Bottom Area . . . 20,791.00 ft2 1 1.00 2,233.02
sustainable void spaces in 5 576 0.00
Pond Volume between Bottom & DHWL the pervious pavement 9,454.00 fi3 3 576 0.00
Pond Length to Width Ratio (L/W) section (see the next slide). 1.33 4 8.76 0.00
Elevation of Effective Aquifer Base 95.00 ft > 570 0.00
* 6 8.76 0.00
Elevation of Seasonal High Groundwater Table 0.67 * Kv (per the 96.50 ft B 8.76 0.00
_ _ Modret User’s
Elevation of Starting Water Level 8 8.76 0.00
manual)- g 8.76 0.00
Elevation of Pond Bottom

Design High Water Level Elevation

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

Total Pollution Abatement Volume (ft3): |5518.00

72.00

Ava, Fffect] orage Coefficient of Sojl for Upsaturated Analysis
Unsaturated Vertical Hydraulic Conductivi
Fartor of Safe

Saturated Horizontal Hydraulic Conductivity

Avyg. Effective Storage Coefficient of Soil for Saturated Analysis

Avg. Effective Storage Coefficient of Pond/Exfiltration Trench

Hydraulic Control Features:

Runoff Data: Pollution Yolume

0.11

Time of Recovery (hrs):

Left

Top Bottom Right

v 0K X Cancel |
Groundwater Control Features - Y/N M N M N
Distance to Edge of Pond 0.00 0.00 0.00 0.00
Elevation of Water Level 0.00 0.00 0.00 0.00
Impervious Barrier - Y/ N M M M M
Elevation of Barrier Bottom ‘ 0.00 0.00 0.00 0.00
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret * |..c..c.cu ™"

ONE #4 REBAR (10 FEET LONG) CENTERED OVER CURB SLOT OPENING Weighted average Of the

TOP OF PERIMETER CURB ELEY. = 100.00°

(TYP. ARCUND PERVIOUS PAVEMENT AREA]

sustainable void spaces

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

1r_3” TOP OF PERVIOUS
— 1, § [PAVEMENT ELEV. = 99.50’
oo _ iQ [
e b 927 167 VOIDS

°J 25% vOIDS

'S O [ oY TAO
OOQOOOmOOOmOO mogo

Two (2) inches of Flexi™-Pave *
placed over a fifteen (15) inch #57
stone storage reservoir.

Calculator for Pervious Pavement Section Storage (S')

Laver Thickness | SUSTAINABLE Void
v (in) Space (%)
Flexi Pave® | 2 | 18 | 0.36
Other Perv. Pymt. (see Note #1 above) | | 15 0
#57 rock 25 3.75

Storage (in)

#89 pea rock gl 25 0
#4 rock 30 |
Recycled (crushed) concrete ' ' 25
Black and Gold™ ' ' 9
Other Sub Base (see Note #1 above) I I 20

* This mention does not constitute an

endorsement of product. §'=

2” x0.18=0.36
157 x 0.25=3.75
177 4.11

4111177 =|0.24

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

HERE

TV STORED

5
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Mounding (recovery) analysis of the Required Treatment

Volume (RTV) using Modret *

* This mention does not constitute an
endorsement of product.

MODRET

SUMMARY OF RESULTS

MODRET

Version 6.1
(Windows 95/98/NT)

PROJECT NAME : Pervious Pavement - REVISED for increase I

CUMULATIVE WATER INSTANTANEOUS AVERAGE CUMULATIVE
TIME ELEVATION INFILTRATION INFILTRATION OVERFLOW
(hrs) (feet) RATE (cfs) RATE (cfs) (ft3)

| 00.00-0.00 96.500 0.000 *
0.00000
0.00 96.500 0.56238
0.47888
1.95 98.184 0.39539 0.00__|
0.02009
10.70 98.154 0.019584 0.00
0.01960
19.46 98.124 0.01930 0.00__|
0.01900
28.22 98.095 0.01869 0.00
0.01838
| 001803 0.00__|
0.01767
45.73 98.040 0.01732 0.00__|
0.01697
54.49 98.014 0.01660 0.00_ |
0.01623
63.24 0.01585

As the Required Treatment Volume (RTV) of
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
the District’s “Basis of Review”.

Maximum Water Elevation: 98.184 feet
* Time increment when there is no runoff
Maximum Infiltration Rate:

0.479 ft/day

@

1.95 hours

Recovery @ 32.897 hours

= 96.50 feet

The SHGWT

Volume Infiltrated (ft*)

Water Elevation (ft)

5,500

5,000

4,500

INFILTRATION : PERVIOUS PAVEMENT - REVISED FOR INCREASE

iR N
[=) a [=) [51]
[=) [=] [=) [=)
S 8 5 B

Version 6.1 !
""" (Windows 95/98/NT) ===~~~ ~"""1" "

____________________________

Total Volume Infiltrated =
5,518 CF (the Required
Treatment Volume).

10 15
Time (hrs)

Total Volume Infiltrated = 5,518 ft3
INFILTRATION PERVIOUS PAVEMENT REVISED FOR INCREASE

MODRET

Version 6.1 \
(Windows 95/98/NT)

The maX|mum cqmputed stage =
98.18 feet, which is below the

surface elevation of the pervious
pavement system (99.50 fee’t) 3

RecoVery time =
32.9 hoUrs *

é Lll é é 10 1|2 1|4 1|6 Zb 2|2 2‘4 2|6 2‘8 3b 3‘2
Time (hrs)
Max Water Elevation = 98.18 ft
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Optional Re-Design & Analysis

If desired by the ERP applicant /
Engineer of record, additional
(trial & error) analysis can be

performed to optimize the final
design to minimize pervious
pavement costs ($$9%).
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This concludes our presentation

— thanks for your attention

WA T
gt

Good engineering protects the enwronment'

Final Questlons’?

.-"""

LSSy OF CENTRAL FLORIDA

Stormwater «f‘\

Management
ACADEMY
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