S —'-— RS University of Central Florida
/ k STARS

BMP Trains Research and Publications Stormwater Management Academy
1-1-1991

Precipitation, Inter-Event Dry Periods, and Reuse Design Curves
for selected areas of Florida

Martin Wanielista
University of Central Florida

b Part of the Environmental Engineering Commons
Find similar works at: https://stars.library.ucf.edu/bmptrains-research
University of Central Florida Libraries http://library.ucf.edu

This Publication is brought to you for free and open access by the Stormwater Management Academy at STARS. It
has been accepted for inclusion in BMP Trains Research and Publications by an authorized administrator of STARS.

For more information, please contact STARS@ucf.edu.

Recommended Citation

Wanielista, Martin, "Precipitation, Inter-Event Dry Periods, and Reuse Design Curves for selected areas of
Florida" (1991). BMP Trains Research and Publications. 24.
https://stars.library.ucf.edu/bmptrains-research/24

- + . +

S + o+ O G
. + +

Central e, .+ + | STARS

Florida . + . + Showcase of Text, Archives, Research & Scholarship *


https://stars.library.ucf.edu/
https://stars.library.ucf.edu/
https://stars.library.ucf.edu/
https://stars.library.ucf.edu/bmptrains-research
https://stars.library.ucf.edu/sma
http://network.bepress.com/hgg/discipline/254?utm_source=stars.library.ucf.edu%2Fbmptrains-research%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
https://stars.library.ucf.edu/bmptrains-research
http://library.ucf.edu/
mailto:STARS@ucf.edu
https://stars.library.ucf.edu/bmptrains-research/24?utm_source=stars.library.ucf.edu%2Fbmptrains-research%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
https://stars.library.ucf.edu/
https://stars.library.ucf.edu/

ACKNOWLEDGEMENTS

As with all of our work completed with technical
assistance from the Florida Department of Environmental
Regulation's Stormwater Management Section, we are very
grateful for the encouragement, guidance, and review provided
by their people. We specifically mention John Cox and Eric
Livingston whose help was constant and beneficial. Without
them, our work and indeed the recognition that the State of
Florida has as leaders in stormwater management would not have
been possible.

For financial assistance, we also thank the United States
Environmental Protection Agency, the Florida Department of
Environmental Regulation, and the Civil and Environmental

Engineering Department at the University of Central Florida.

iii




TABLE OF CONTENTS

LIST OF TABLES ... ccvesesssocnenasnscononansssnneeansse vi
LIST OF FIGURES ..ccctuveeoneacrssstnannnsossnnnneasss Vii
EXECUTIVE SUMMARY ...cuvvevececonncscecnsncoannannnees Viii
CHAPTER

1. AN INTRODUCTION ..vvuvevescecsccasnnescscncens
PhiloSOPhY ...t neecnnsoscnsennoseens
The Design StOrm  ....veeeveennosnvencaenenn
The Inter-Event Dry Period ........eveeevee.
Objective .....iiiiirieieeennnnoncenanonons
Limitations ....iiieeinnenrennnnnenneecnnns

2., THEORY AND METHODOLOGY ..o vecncecosoveonnnnses
Runoff - Rainfall Relation .......eeeeenenn
Equivalent ImMpervious AYea ........ceecee..
Historical Rules and Current Design

Criteria ..vuiviieneeereeencnesanennonns 12
Northwest Florida Water

Management District ......cccecveveee. 16
South Florida Water Management District ... 17
Southwest Florida Water

Management District ........oveeveenn, 18
Saint John's River Water

Management District ........cc.0000... 19
Suwannee River Water

Management District .................. 20
CritiqUe tiiiiiiieeeenneennacenoensennnnenn 20

O~ AW R

3. RAINFALL DATA AND STATION SELECTION ......... 22
HistoriCal Data ...C‘l.....l.....l.-......l 22
Geographical Distribution ..........ccc00... 23

4. DATA ANALYSES AND RESULTS .vvveevvoccovencens 27
Introduction ...iiiieececcnnesetnannsennens 27
Selecting the Length of the Database ...... 27
Procedure for Developing

Frequency Distributions .............. 30
Sensitivity Analysis for Type of

RAain GAUGE ...viivervecnecnoncocannnss 36
Inter-Event Dry Periods ......c.eeveecnsens 37
Using P-I-F Curves in Design ......cevev... 40

iv




5. DIVERSION VOLUME ANALYSIS .. ccveecnccacconasns 42
Methodology and Criteria .......cevceeeeunn 42
Calculation of the Diversion Volume ....... 46
Diversion Volumes as a Basis for

Infiltration Pond Design ....cccceeeen 49
Example Problem .....cc00c0000c00c0asas 49
Use of Diversion Volume Curves ......ccece. 50

6. CONCLUSIONS AND RECOMMENDATIONS ...ececscaces 52
OVerview .....ceecccsecscscssssncssncncncsnas 52
Geographic Variability of P-I-F Curves .... 52
Geographic variability of

Diversion Volume CurvesS....veevesescees 53
Geographic Variability of Statistical Data . 54
Recommendations .....ccecvcecccccacnacnccas 54

APPENDICES ... cccncessessntscscsossnnnssncnsanccnsssoes 60
A. 72 Hour - 3 Month Analysis ....ccvievenecceas 60
Be P=I-F CUIVES ..vecevecsscsnssssssscsscsssvnnns 78
C. Diversion Volume AnalysisS ....ccceecccccncens 96
D. Precipitation Volume Statistics ............. 114
E. Storm Duration Statistics .......ciceeeeveee. 132
F. Number and Percentage of Yearly Storms
Exceeding the Precipitation Volume ... 150
G. Sensitivity Analysis for Rain Gauge
Accuracy S X 1 -

REFERENCES ....... srscerrecsnanas crreresvarsencrsases 172




4-2.

5-10

5-2 -

LIST OF TABLES

Listing of Selected Rainfall Stations Used in
Analysis and Rainfall Record Characteristics.....24

Exceedence Probability and Return Period
calculations For Orlando, Florida; Using
176 Months of Data And Inter-Event Dry
Period of 4 HOUES. cooesssacsasonssssassssascassesdd

Percentage of Yearly Storms Exceeding The
Precipitation Volume Associated With A Given
Return Period and Inter-Event Dry Period for
orlando, Florida, And The Statewide Florida
AVETAGE. e s vevnrososnnnssnnassassosannsssccnseseanedd

Sensitivity Analysis for Rain Gauge Accuracy
for Orlando, F1lOrida. -eeeesesccsacnconsnassscesssald’

Inter-Event Dry Period Statistics for Each
Rainfall Station Using a Minimum 4-Hour Dry
Period Between Successive StOImS.....ccceecerecee .38

Efficiency Percent Vs. Retention Volume. ... ceevrsesssss43

Example Diversion Volume Calculations
for Orlando, Florida (15 Years Of Data,
4HourInter-EventDryPeriod)....................48

Comparison of Precipitation Volumes By Geographic
Region for Selected Inter-Event Dry Periods
And Two Month Return Periods.....ccesvssecoscssess53

Comparison of Precipitation Volumes By Geographic
Region for Selected Inter-Event Dry Periods
And Three Month Return Periods....coeeesveecscces.56

Comparison of 80 Percent Diversion Volumes
‘ By Geographic Regions For Selected Inter-Event
Dry Periods and Three Month Return Periods........57

Comparison of 90 Percent Diversion Volumes
By Geographic Regions for Selected Inter-Event
Dry Periods and Three Month Return Periods........58

Comparison of Rainfall Statistics For 4-Hour And 72-
Hour Inter-Event Dry Periods By Geographic
Region ll...l.l.....l....ll...ll....'l..ll.'.ll..59

vi




LIST OF FIGURES

2-1l Wet Detention System 2 0 s s s0 e eI TERETIERTR EE RS 15

3-1. Geographic Location of the Seventeen Rainfall
Stations Used in Analysis ...cccesetsccncesss 26

4-1. Sensitivity Analysis For Precipitation Volume
Given a 72 Hour Inter-Event Dry Period and a
3 Month Return Period for Orlando, as a
Function Of The Number Of Years Of Data ..... 29

4-2. P-I-F Curve for Orlando, Florida .....cecs000000. 41
5-1. Percentage of Yearly Volume Diverted for

Treatment Based On 15 Years Of Data For
Orlando, Florida ..... etesessesressanasrssass 50

vii




EXECUTIVE S8UMMARY

The increase in the pollution of existing water bodies
due to poor management of stormwater runoff has demanded
continuous re-evaluation of present design methods for
stormwater management facilities. Current criteria used in
determining water gquality (treatment) volumes in pond design
neglect antecedent conditions resulting from preceding
rainfall. During the dry period between rainfall events,
treatment of stormwater proceeds and is considered complete
after a specific time period. The inter-event dry period
refers to that time period (hours) which occurs between
rainfall events. The minimum inter-event dry period used for
pollution control design should be consistent with the time
required for infiltration, chemical precipitation, sediment
removal, and biological assimilation; as well as the period of
time required for the transport system ( pipes, open channels,
and other structural controls ) to return to their design
elevations.

Spreadsheet programming was used for calculations using

fifteen years of data from seventeen rainfall stations in the
State of Florida. A minimum inter-event dry period was
specified and all rainfall volume was cumulated before the

minimum inter-event dry period. Exceedence probability
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distributions were calculated for rainfall precipitation
volume (P) given inter-event dry periods (I) of 4, 12, 24, 48,
72, 96, and 120 hours. The precipitation volume for each
inter-event dry period and specified frequency (F), or return
period was calculated and the results are presented in
graphical form and are called PIF curves.

Statistical data on rainfall volumes and duration for
each minimum inter-event dry period were also developed.
These statistics are useful when probability distribution
functions are used for hydrolegic and stormwater designs. For
minimum 4~hour and 72-hour inter-event dry periods, the
average precipitation volumes were 0.53 and 1.48 inches
respectively.

This work also includes a diversion volume analysis for
each of the seventeen rainfall stations. The diversion volume
calculations using rainfall data are directed specifically
towards use in off-line retention systems. A cumulative
distribution function was generated from the fifteen year
database for inter-event rainfall records of 4, 24, and 72
hours. Diversion volume curves were developed for each
rainfall station and are presented in this report.

Consideration of the inter-event dry period through the
use of the design curves developed in this research provide a
design where initial conditions are more accurately defined.
Water gquantity volumes which produce the desired level of

treatment for stormwater runoff can be more accurately

ix




determined as a result of this type of design.

The precipitation volume for any given minimum inter-
event time period and return period do not have significant
variability among the seventeen state-wide locations. It is
recommended that the average precipitation volume for a given
minimum inter-event time and return period from among the
seventeen locations should be used as a State-wide standard.
However, some local governments may wish to adopt higher

standards based on this work.




CHAPTER ONE

INTRODUCTION

Philosophy

Florida, "The Sunshine State", a state in which the
average annual rainfall ranges from 40 to 65 inches (NOAA,
1900-1989), commands the advent of the realization that clean
and plentiful water resources are essential to Florida's
economy and the quality of life. No longer can we afford to
waste or misuse, unnecessarily, one of Florida's most precious
natural resources. Stormwater is the water that results'from
a rainfali event and it must be carefully managed to insure
that it does not pollute our existing water bodies, flood
developed lands, destroy natural habitats, and yet is returned
to the environment to eventually replenish and maintain the
natural hydrologic cycle.

The disturbance of natural lands, land development, and
the resulting increase of "imperviousness", have all manifested
their existence by a decrease in the quality and an increase in
the quantity of stormwater runoff. Erosion, sedimentation,
accumulation of pollutants on imperﬁious surfaces , and the

debris of society have caused stormwater to be a major source

of pollution. Historically, attention has been given to
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stormwater runoff rates and volume with the singular intent of
Preventing or controlling flooding. 1In some parts of Florida,
the flooding is prevented in part by a system of "ditching,
ponding, and draining" which has led to the proliferation of
stormvater systems constructed solely for flood protection.
These "drainage systems" were designed to carry stormwater avay
from developed areas as quickly as possible and deliver it to
the nearest lake, river, sinkhole, bay or other surface waters.
Today, these systems are the major contributors of stormwater
pollutants and have caused the decline of water quality in many

Florida waters (Livingston, 1990).

The Desjgn Storm

A stormwater management facility consists of a conveyance
system that collects and transports stormwater runoff to a
storage area for treatment, typically a detention or retention
pond. Due to the stochastic nature of rainfall, it is
impossible to define a precipitation volume which would never
be exceeded, therefore dictating the need for a "Design Storm"
which is consistent with a reasonable risk of failure. Runofr
rates and volumes are currently calculated using a design storm
that is based on rainfall intensities. The risk of failure is
related to a precipitation volume and a maximum intensity
associated with a specified return period, typically 2-year, 3-

Year, 5-year, 10-year, 25-year, 50-year, and 100-year. For

example, using a design storm associated with a return period
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of 25-years, it is expected that the designed transport and
storage system will fail on the average once every 25 years,
given a long period of record.

Frequency-Intensity-Duration (F-I-D) curves developed from
rainfall data have traditionally been used for the selection of
the design storm intensity and the determination of the
required storage volume for the detention or retention pond to
attenuate peak discharge. For a specified average rain
duration (hours), an average rainfall intensity (inches per
hour) which is associated with a given return period (or risk
of failure) is read from F-I-D curves. Design based on the
"Design Storm" concept using F-I-D curves assume an initial
condition in which conveyance systems are empty and the ponds
are at a control elevation at the beginning of the storm event.
There are no design considerations addressing the variable pond

or rainfall antecedent conditions.

The Inter~Event Dry Period

The inter-event dry period is the period of time,
typically measured in hours, beyond which the occurrence of
rainfall marks the beginning of an another rainfall event (the
number of dry hours between storm events). Independent
rainfall events result when the intér-event dry period is of
length sufficiently long so that one event will not effect the
probability of the occurrence of the other. When designing

stormwater transport and pollution control systems, the inter-
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event dry period between two successive rainfall events should
be greater than or equal to the time required for pollution
control and be greater than the recovery time of the stormwater
transport system and the detention/retention pond. Rainfall
events not separated by the specified minimum inter-event dry
period should be combined to develop a maximum rainfall volume
consistent with a risk of violation.

An effective pond design is that which improves the water
quality by providing storage of the stormwater runoff for a
period of ;ime long enough to sufficiently ntreat" the
stormwater, 'thereby reducing the pollutants discharged to
receiving waters. For example, if it is determined that
stormwater_should be stored for 72 hours to achieve a desired
level of biological assimilation, an effective pond design
would be one which could recover to it's initial conditions in
72 hours with a storage volume based on rainfall with an inter-
event dry period of 72 hours. Other inter-event time periods
are associated with other treatment objectives, such as,
sedimentation in 12 hours and alum treatment in 24 hours. The
association of a design storm with a specific inter-event dry
period will produce a design based on initial conditions which
are more accurately defined and allow for the flexibility of

acquiring a desired treatment level of pollutants based on the

detention time of stormwater.
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Objective

The purpose of this section is to develop rainfall volumes
based on a desired minimum inter-event dry period. These
volumes will be used for the design of stormwater management
facilities. A statistical analysis of selected rainfall
stations in the State of Florida can be developed to relate
inter-event dry periods (hours) and precipitation volume
(inches) to specified return periods. These curves are called
Precipitation-Inter-Event Dry Period-Frequency Curves, or P-I-F
Curves, and pould be used to calculate the volume used for
water qualit§ control in detention ponds.

This section of the report also includes a Diversion
Volume Analysis for 4-hour, 24-hour, and 72-hour inter-event
dry periods. Volume data have been generated from this
analysis which can be used in the design of off-line systems,
including retention ponds, other infiltration systems, and
systems which employ the use of chemical treatment. Also, the
annual average treatment efficiency associated with reuse of
stormwater can be estimated, and is presented in detail in the
second section of this report.

The directive of this section is to demonstrate the
relevance of the minimum inter-event dry period as it relates
to the time required for water quality treatment. To achieve
a desired level of treatment, antecedent conditions must be
considered when determining storage volumes in detention or

retention ponds. 1Integration of the inter-event dry period
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concept into design procedures will implement a more rational

basis for the design of Best Management Practices (BMP's).

The analysis of rainfall is limited to the State of
Florida. The use of the results requires an estimate of time
for treatment, and in general assumes that no treatment occurs
during the storm event. If treatment during the event were
possible, the minimum inter-event time is calculated as the
summation of the time during and between events.

The divérsion analysis assumes that no "first flush" of
pollutants occurs, and if used for pollution control of smaller
watersheds the design volume will be over-estimated. First
flush describes the washing action that stormwater has on
accumulated pollutants in the watershed during the early part
of a rainfall event. The effects of first flush generally

diminish as the size of the drainage basin increases and the

amount of impervious area decreases (F.D.E.R., 1988).




CHAPTER TWO

THEORY AND METHODOLOGY

Runoff-Rajinfall Relation
As a result of a storm event, a watershed area will
typically produce a runoff volume, or rainfall excess. The
amount of this rainfall excess depends on several factors

including:

- A. The precipitation volume and intensity.
B. The percent of impervious area.
C. The percent of directly connected impervious
area, or that area transported directly to the
detention or retention pond.
D. The underlying soil types for the pervious
areas, and their degree of saturation resulting from
previous rainfall.
E. The initial condition of the conveyance system
and detention/retention pond resulting from

antecedent rainfall.

In the design of a stormwater management facility, the

watershed characteristics producing runoff must be determined.




The runoff coefficient, designated C, as defined by egquation

(1), 1is the ratio of rainfall excess to precipitation

(Mulvaney, 1851).

o= R
- 1
P (1

g where: ¢ = runoff coefficient (dimensionless)
R = rainfall excess or runoff volume

P = precipitation (rainfall) volume

? The runoff coefficient, C, ranges in values from 0 to 1; where
a value of C = 0 would occur for pervious areas that do not

2 produce runoff, and a value of ¢ = 1 could be expected for

¥ completely impervious areas where the total precipitation

g
B results in rainfall excess.

Typically in design, a watershed area will be composed of

rfaces and underlying soil types, resulting in

many different su

several distinct runoff coefficients. For this case, a

ﬂ composite runoff coefficient is calculated using equation (2).
: C= (CLA,+Cohy+ . o « +CAY) (2)

; (A, +A,+. . . +Ay)

j .

i where: C, = runoff coefficient for surface N

A,, = area of surface N

The resulting composite value for the runoff coefficient is

expressed as the effective runoff coefficient of the watershed

and can be used to represent the entire watershed area in

analysis.




Eguivalent Impervious Area

The product of the total watershed area and the calculated
effective runoff coefficient is equal to the eguivalent

impervious area (EIA) for the watershed, shown in equation (3).

EIA=CxA (3)

The equivalent impervious area calculation equates a watershed
area of mixed land uses to an equivalent watershed area
comprised of only one completely impervious surface with no
initial abstraction. The resulting EIA will be used in
conjunction with the P-I-F curves for the design of detention
or retention ponds later in this report.

If a watershed area consists of only directly connected
impervious area (DCIA) that has no initial abstraction, and
there is no runoff contribution from off-site or adjacent
basins, then the resulting equivalent impervious area is equal

to the total watershed area.

EIA=DCIA (4)

When a watershed is comprised of both impervious and
pervious surfaces, a runoff coefficient for the pervious areas
based on the underlying soil types and their hydrologic

characteristics must be determined. The following illustrates

three methods by which this runoff coefficient can be derived.
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Method I
By using an infiltrometer, an exponential curve (Horton
Equation) can be developed describing the potential
jnfiltration rate of a soil as a function of time. The total
volume of infiltrate is determined by integrating the area

under the curve (Horton, 1940).

_(_f_Of_Q (1-e-Xt) (s)

¢
F=L £(t) =L t+—

where: F = total volume of infiltrate (inches)
f(t) = infiltration rate (inches/hour)
£, = ultimate infiltration rate (inches/hour)
£, = jnitial infiltration rate (inches/hour)
K = recession constant (1/hour)
t = time (hour)

The total precipitation less the volume of rainfall which
infiltrates into the soil is eqgual to the amocunt of rainfall

excess, or runoff volume from the pervious area, Rp.

R,=P-F (6)

The runoff coefficient for the pervious area, C,, with
infiltration based on the Horton equation, can now be computed

using equation (7).

C =2 (7}




Method II
The United States Scil Conservation Service (SCS) has

developed a procedure for estimating rainfall excess based on
soil types and ground covers found in the United States. It is
called the SCS Soil-Cover Complex Method and uses a Curve
Number (CN) that can be determined from the soil and ground
cover in the watershed. The maximum storage of the soil, S°',

is related to the curve number by the following equation (Kent,

1973).
1000
s'= -10 8
CN (8)
where: S§' = maximum scil storage (inches)

The rainfall excess can now be computed using equations (9) and

(10) .
- 2
R={P=0.25)% ;rpy0 25/ (9)
(P-0.85")
and
R,=0ifP<0.25’ (30)
where: P = precipitation (inches)

With the calculated R, from the SCS Curve Number, equation (7)

can be used to determine the runoff coefficient.
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Method 11l

The State of Florida Department of Transportation uses an

equation developed by Johnson and Meadows to estimate a runoff

coefficient using the SCS Curve Number (FDOT, 1987).

s/ s!
Cr=1-=-1.2 - 11
T P,( (P,.+0.8.S")) (11)

= runoff coefficient for return period, T

= maximum soil storage (inches)

= precipitation depth for return period, T,
(inches)

where: c,
S'

P

-

The calculated value of C, can be used as the runoff

coefficient for the pervious area in the watershed.

The resulting values for the runoff coefficient for the
preceding three methods can now be used in equation (3) to

determine the EIA, or by the following.

EIA = Cp(A) = Cp(A) (12)

istori les d

The Water Resources Act of 1972, Florida Statues Chapter
373, Part IV, established five water management districts in
the State of Florida and granted them the authority to

implement broad regulatory programs for the purpose of

protecting the water resources of the State. The Florida
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Department of Environment Regulation (D.E.R.) governs the five
water management districts and their authority to administer
and enforce the Management and Storage of Surface Waters (MSSW)
permitting program. Chapter 17-25 of the Florida
Administrative Code, the State Stormwater Rule, was adopted in
1982 with the purpose of preventing the pollution of "the
Waters of the State". More recently, on December 6, 1990, ?he
Department of Environmental Regulation adopted a State Water
Policy, Chapter 17.40, which specifies a percent reduction in
the mass of stormwater related pollutants and the reuse of
stormwater.

Detention refers to the temporary storage of runoff volume
near the area of generation and its' gradual release over time
from the storage area. Runoff is held for a short period of
time and is slowly released to a natural or man-made water
course, usually at a rate no greater than the pre-development
peak discharge rate. The historical use of a detention
facility is to regulate the runoff from a given rainfall event
and more recently to control pellution discharges to reduce the
impact on downstream stormwater systems, either natural or
manmade (F.D.E.R., 1988). Wet detention systems, consisting
of permanent pool storage, treatment volume with gradual
release, and vegetated littoral zones,‘can provide treatment of
stormwater runoff by biological, chemical, and physical
processes (Wilkening, 1990). The schematic of a typical wet

detention system is shown in Figure 2-1. Dry detention
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14
facilities, as opposed to wet detention, permit to pond to
drain to a dry bottom condition. They are not common nor are
typically permitted in the State.

Stormwater retention ponds, or infiltration basins, retain
stormwater on site thus reducing the contamination of
downstream waters. Their purpose is to incorporate pollution
control and groundwater recharge concepts into the design and
construction of storage areas for the percolation of stormwater
runoff, so that the adverse impact of urban type development on
receiving waters can be minimized. Retention systems do not
release stored waters for surface discharge. The most
significant limiting factors concerning the use of retention
systems are the s0il conditions and the availability of
sufficient land area to provide the necessary storage volume.
Typical pond design volume is calculated as the runoff from the
first inch of rainfall with the system recovering the full
design storage volume in a maximum of 72 hours following a
storm event (F.D.E.R., 1988).

Another typical design volume in the State is used when
stormwater is being discharged into Qutstanding Florida wWaters.
One-Hﬁndred Fifty (150) percent of the volumes required for
retention or detention must be provided (F.D.E.R., 1988).
However, not all of the current desigﬁ criteria for stormwater
detention and retention ponds are the same among the water

management districts. Part of the differences relate to the

meteorological conditions of the region.
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16
The division of the five water management districts was

determined geographically, and they are as follows:

1. Northwest Florida Water Management District

2. Suawannee River Water Management District

3. St. John's River Water Management District

4. Southwest Florida wWater Management District

5. South Florida Water Management District
Regulatory staff from the water management districts meet
regqularly to coordinate rule development with the goal of
consistency between water management district rules when
appropriate. However, some rule criteria does and will
continue to vary between the districts as progress is made in
addressing stormwater management on a geographic and
meteorological basis. The present criteria governing design of
the formerly described detention and retention facilities were
detailed for each water management district. Those issues not
addressed by the water management district will follow the
guidelines set forth by the Florida Department of Environment

Regulation.

orthwes ida Water e istrict:

Northwest Florida policy adheres to criteria established
by the Department of Environmental Regulation, specifically to
the State water quality standards Af Chapter 17-3, and the
State Stormwater Rule of Chapter 17-25, Florida Administrative
Code. The Northwest Florida Water Management District, as of
June 1991, has not yet received the authority to regulate it's

own surface waters, however the drafting process for such rules

are currently underway. For this reason, the following
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criteria specifically reflects that which has been set forth by
the Department of Environmental Regulation.

Criteria for wet detention systems water quality volume
require the detention of the first 1 inch of runoff over the
watershed or 2.5 times the percent impervious, whichever is
greater. This volume 1is detained for treatment, and is
referred to as the treatment volume. This volume is to be
recovered at a rate such that one-half of the total treatment
volume is discharged in no less than the first sixty hours
following an event, and the entire treatment volume is
discharged in 120 hours or greater.

Retention facilities built in accordance with Chapter 17-
25, F.A.C., must have the capacity to store and percolate
either the runoff from the first inch of rainfall or (a minimum
of) the first one-half inch of runoff within 72 hours. Small
watershed areas (e.g., those of 100 acres or less) are only
required to provide for the minimum first one-half inch level
of retention. The runoff exceeding this volume is diverted to

a flood control structure (F.D.E.R., 1988).

cuth ida W e s :

Stormwater discharge must meét State water quality
standards per Chapter 17-3, Florida Administrative Code. Any
direct discharge to sensitive receiving water (Class I, Class
II, or Outstanding Florida Waters) will receive close review
and may require monitoring by the water management district.

Wet detention volume (treatment volume) shall be provided
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for the first inch of runoff from the developed project, or the
total runoff of 2.5 inches times the percentage of impervious
area, whichever is greater. Gravity control devices shall be
used for the release of the treatment volume which should not
exceed one-half inch in 24 hours. Dry detention refers to an
on-line pond with no permanent pool, or a pond where the stored
runcoff volume infiltrates to make a dry botton. The dry
detention volume is equal to 75 percent of wet detention
volume.

Retention volume shall be provided equal to 50 percent of
the above computed volume for wet detention. Retention volume
included in flood protection calculations requires calculations
to demonstrate long term system bleed down ability (South

Florida Water Management District, 1987).

Southwest Florjda Water Management District:

State Standards for water quality as detailed in Chapter
17-3 of the Florida Administrative Code must be realized for
all stormwater discharge.

Wet detention facilities must detain (treatment volume)
cne inch from the entire site plus any contributing areas.
Discharge of not more than one-half of the treatment volume
should occur in the first 60 hours following the storm event.
Release of the total treatment volume should not take less than

120 hours.

The volume required for retention is that amount of runoff

produced from 1 inch of rainfall over the watershed area, or
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0.5 inches times the watershed area, whichever is greater. The
retention pond must recover the water quality volume within 72
hours following the storm event (Southwest Florida Water

Management District, 1988).

St. John's River Wate anageme istrict:

Discharge must meet State water quality standards of
Chapter 17-3, Florida Administrative Code. If stormwater is
being discharged into Outstanding Florida Waters, 150 percent
of the following outlined retention/detention volume must be
provided with the first 0.5 inch treated in an off-line
retention facility.

The treatment volume for a wet detention pond is defined
by the first 1 inch of rainfall or 2.5 inches times the
percentage of impervious area, whichever is greater. Detention
basins shall again provide the capacity for the specified
treatment volume of stormwater within 72 hours following a
storm event.

Retention ponds must be design to store a volume resulting
from the first inch of rainfall over the watershed. Retention
basins should be able to provide the capacity for the given
volume of stormwater within 72 hours following a storm event.
The additional storage volume must be provided by a decrease of
stored water caused only by 'percolation through soil,

evaporation or evapotranspiration (Saint Johns River Water

Management District, 1990).
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Water quality data which are representative of water
discharged from the permitted system, shall be subnitted as
requested. These may include, but are not necessarily limited
to Chapter 17-3, Florida Administrative Code, parameters.

Suwannee River water Management District states the
stormwater management systems must be designed to provide a
minimum level of treatment for water quality purposes. The
Water Management District has detailed four levels of required
treatment volumes in their guidelines, dependent upon proposed
land use and watershed characteristics.

Both detention and retention systems must recover the
required treatment volume within 72 hours following the storm
event. Retention systems with percolation are the most
desirable method for achieving water quality design and should

be used where possible (S.R.W.M.D., 1991).

Critique

The above criteria specifies, for a design storm, a
volume of rainfall for water quality design and an inter-event
time during which the water quality volumes (treatment volumes)
must be discharged. Because of the stochastic nature of
rainfall and the randomness associated with each conditional
rainfall volume, pond volumes will be exceeded a fraction of
the time and the desired level of treatment will not be

achieved. The probability of the pond volume being exceeded,

assuming the pond is at the control elevation, can be
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determined from frequency distributions of rainfall volume
given an inter-event dry time. This information will help
determine the risk of failure.

Precipitation data have been analyzed in the past to
determine the relationship between inter-event dry periods and
precipitation volumes. These studies were for only 3 areas,
including Baltimore Maryland, Tallahassee Florida and Odense
Denmark (Hvitved-Jacobsen, Yousef, and Wanielista, 1988).
There have been no analyses, prior to this research,

extensively covering the State of Florida for the evaluation of

precipitation and inter-event dry periods.
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CHAPTER THREE

RAINFALL DATA AND BTATION SBELECTION

Historical Data

The findings of this research are directly related to the
amount and accuracy of historical rainfall data available for
the State of Florida and the National Climatic Data Center was
the source of the hourly rainfall data. Meteorological
information for approximately 50 stations in the State of
Florida is collected, compiled, and published by the National
Oceanic and Atmospheric Association. The data were obtained,
for the purposes of this study, in digital format on Compact
Disc-ROM through EarthInfo, Inc. of Boulder, Colorado, in a
package called Climatedata. Complete hourly rainfall records
for all National Oceanic and Atmospheric Association stations
are included on the disc, along with the required processing
and interaction software.

The availability of such a large amount of rainfall data
on Compact Disc eliminated hours ofhmanual input, along with
the corresponding chance for human error. Through the use of
Climatedata, rainfall data for each storm event for the desired
station was transferred directly into a spreadsheet for
manipulation. QUARTTRO-PRO (1991), a spreadsheet program from

22
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Borland International, Inc., was used for the management and
statistical analysis of the rainfall data. The use of
computers for the retrieval, manipulation, and ultimate
analysis of the very large databases minimized possibility for

human error and increased the accuracy of this study.

Geographical Distributjon

Rainfall stations were chosen based on geographical
location, as well as the reliability and completeness of the’
data obtained. It was desired for the analysis to adequately
encompass the State, and therefore stations selected were well
distributed over the varying geographic regions. Invariably
all of the stations experience some incompleteness with regarad
to data collection, possibly a result of either mechanical or
power failure. The completeness of record is available through
Climatedata (1988) and is represented by the percent coverage
value which is a value equal to the number of days in which
observations were reported divided by the number of all
possible days of the record.

Based on the previously described criteria for selection
of rainfall stations, seventeen stations were chosen for
analysis. These stations are listed in Table 3-1 along with
their percent coverage value. All of the stations selected
exhibited a recovery of 92 percent or greater.

Fifteen years of data were used in the analysis of each

station and evaluation of the most recent rainfall records was
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Mean Annual
: Rainfall (inches) Coverage
Z Database Complete (%)
8 Record Record
3 Apalachicola
2 Daytona Beach
¢ Fort Myers'
% Gainesville
§ Inglis 0
% Jacksonville
i Key West .
i Lakeland
: Melbourne
k:
5 Miami
' Moore Haven
; Niceville
Z Orlando
: Parrish
3 Tallahassee
E Tampa
: West Palm Beach |
§
|
j :. Most recently reported 15 years.
| Total number of years rain gauge was operational (greater
| than or equal to 15 years).

Table 3-1 Listing of Selected Rainfall Stations Used in
Analysis and Rainfall Record Characteristics.
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desired. Of the seventeen stations selected, Orlando was the
only station which did not have a complete 15 year database.
The Orlando rainfall station records began on May 1, 1974, and
therefore the analysis is based on 176 months of data rather
than the preferred 180 months.

The geographic distribution of the seventeen rainfall
stations is shown in Figure 3-1. It is apparent that the

selected rainfall stations are representative of the various

regions in the State.
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Figure 3-1 Geographlc Location of the Seventeen Ralnfall
Stations Used in Analysis.




CHAPTER FOUR

DATA ANALYSES AND RESULTS

Introduction

A procedure to estimate rainfall volumes given an inter-
event dry period and risk of failure is required. A
conditional probability distribution is developed and the
rainfall volume is obtained, from the distribution, as related
to a risk of failure (exceedence probability).

For illustrative purposes, the Orlandec Rainfall Station
(94% recovery) has been selected as a model. The same
procedure was used for the other rainfall data files. The
orlando Rainfall Station began operation on May 1, 1974, and
therefore the statistical analysis, for this statioen only, is

based on 176 months of data (typical is 180 months).

Selecting the Length of the Database
Subroutines and egquations were written for the
spreadsheet software QUATTRO PRO (1991) to combine hourly
rainfall data readings and define storm events on the basis of
inter-event dry period. The method is to "group" hourly
precipitation readings into a set of separate "storm events"
on the basis of an inter-event dry period. This technique

generates an individual fifteen year rainfall record for each

27
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specific inter-event dry period. The rainfall volume in a
particular hour is assigned to an event in progress if it is
less than the inter-event dry period from the previous
reading, else it is recognized as the start of a subsequent
independent event.

At first, two years of rainfall data were used and a
frequency distribution was developed. Another year was added
and the resulting frequency distribution was compared to the
previous one using graphical means. Beyond five cumulative
years, there was little graphical differences and thus another
graphical comparison procedure was performed to determine the
effects on the 72 Hour - 3 Month volume with additional years
of data. This was done to determine how many years of data to
use for the frequency distributions. The precipitation volume
associated with a 72 hour inter-event dry period and a 3 month
return period was determined for 6 yYears through 15 years of
data, using the most recent record Years. The 72 Hour - 3
Month Volume for Orlando is found in Figure 4-1. From this
Figure, it is seen that the fluctuation in volume decreases as
the number of years of data increase (a "leveling off effect"
is demonstrated). This indicates that fifteen years of data
should be adequate. This same result occurred for fifteen of
the other rainfall stations, and the data used for the
analysis of these stations represents rainfall records for the

Years 1974 through 1988.

Review of the 72 Hour - 3 Month Volumes for the Niceville_
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72 Hour - 3 Month Analysis

Orlando, Florida
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Figure 4-1 Sensitivity analysis for precipitation volume
= for a 72 hour Inter-event Dry Period and a 3
month Return Period for Orlando, as a function

of the number of years of data.
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Rainfall Station revealed significant oscillations from year
to year with an upward trend in the volume as the number of
years of data increased. Upon investigation, it was
discovered that the rainfall record had considerable stretches
of incomplete data for the years used in the analysis. For
this case, the data was adjusted to include only complete
years and substitutions of prior years were made. The final
years used in the analysis were 1970, 1971, 1973-1981, and
1985-1988, inclusive. This fifteen year record was re-
analyzed and produced acceptable results for the 72 Hour - 3
Month Analysis. Appendix A contains the 72 Hour - 3 Month

graphical presentations for each rainfall station.

ocedure for Developi egue istributio

Fifteen years of data were analyzed for each station and
rainfall events were defined for inter-event dry periods of 4-
hour, 12-hour, 24-hour, 48-hour, 72-hour, 96-hour, and 120-
hour. A rainfall event associated with any inter-event dry
period that had less than 0.04 inches of rainfall recorded was
considered to not generate runoff, as was the case reported in
the Orlando area (Stutler, 1989). Schueler (1987), reported |
no runoff from rainfalls less than 0.08 inches to 0.12 inches.
The rainfall producing runoff will be variable from one
location to another. Statistical information on precipitation
volume and storm duration for the rainfall events, as a

function of inter-event dry period, can be found in Appendix

D and Appendix E of this report, respectively. The mean, |
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maximum, and minimum precipitation volumes for each inter-
event dry period, as well as, the standard deviation,
variance, coefficient of variation, and number of events used
in analysis, can be found in Appendix D. The mean and maximum
storm durations for each inter-event dry period, along with
the standard deviation, variance, coefficient of variation and
number of events analyzed, can be found in Appendix E.

The exponential distribution, a special case of the gamma
distribution, results when the coefficient of variation is 1.
Rainfall statistics for rainfall events separated by at least
4 dry hours can be represented by a gamma distribution
(Hydroscience, 1979). The independence of storm events can be
indicated by a coefficient of variation of about 1 (Driscoll,
1989). The duration tables in Appendix E show a coefficient
of variation very near 1 for an inter-event dry period of 4-
hours indicating the independence of this parameter, however
for other minimum inter-event dry periocds, the coefficient is
greater than one.

For a design exceedence level, the precipitation volume
for a specific return period is determined from the exceedence

probability distributions (Wanielista, 1990):
Pr(p>pP;) = 1-F(P.JA) = 1-EPr(P|A) (13)

where: P = precipitation volume, depth
P,= design precipitation volume, depth
A =

inter-event dry period, time

Using the exceedence probability distribution allows the

direct calculation of the return period for which a specific
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precipitation volume can be expected to exceed. The
recurrence interval, or return period, is the inverse of the

exceedence probability, or (Wanielista, 1990):

M

T - N (14)
r 1 - P (Xsx)

- = return period, months
r(X < x) = probability of occurrences

= number of months in the record

= number of rainfall events
The exceedence probability distribution for a 4-hour inter
event dry period and the associated return periods for th:
orlando Rainfall Station are shown in Table 4-1. For thi
purpose of generating the P-I-F curves, precipitation volume:
for return periods of 2-month, 3-month, 4-month, and 6-montl
were determined from the exceedence probability analysis usin
linear interpolation when required (refer to Table 4-1). Th
p-I-F curves found in Appendix B were created for each of th
seventeen rainfall stations using the previously describet
procedure. The P-I-F curve for Orlando is shown in Figure 4-2,
Precipitation volumes can be read directly from the P-I-|

|
curves for a desired inter-event dry period and return period,

The number and percentage of yearly storms exceeding

precipitation volume which is associated with a specif
return period and inter-event dry period has been tabulated
Appendix F and is shown for the orlando Rainfall Station

Table 4-2. These percentages are calculated using the numbe

of storms per year from Appendix D. For a 4-hour inter-even
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1 - Sum (X / N)
€T = (176 months / 1448 storms) / (1 - P,)

Probability
Calculations For Orlando, Florida; Using 176 Mon
Of Data And An Inter-Event Dry Period of 4 Hours]
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Number Per Year
Exceeding

il or1anac
Statewide

12 Hour A | 0:1&hdé?¢?ff3??'*’**“f-t
[l statewide

3§TH°ﬁ#;§ £. orlando. |

Statewide

48 Hour A | orlande ¢

Statewide

72 Hour 4 orlando
S Statewide

96 Hour A oflandbi“ﬁ

" F B B B B A B E N

Statewide

120 Hour A || orlando
o |l statewide

Note: The percentage of storm events with cumulative
volume less than or equal to the design volume
given a minimum inter-event dry period is equal to
100 minus the percentage exceeding.

Table 4-2 Percentage of Yearly Storns Exceeding The
Precipitation Volume Associated with A Given Return
Period And Inter-Event Dry Period For Orlando,
Florida, and the Statewide Florida average.
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dry period and 2 month return period, the percent of storms
exceeding equals 6 / 96.53 * 100 %+ = 6.2 §%. This information
can be particularly useful when special considerations must be
given to discharges made ¢to environmentally sensitive
receiving water bodies. For example, a design which would be
exceeded (fail) three times annually, with proper treatment
achieved at least 90 percent of the time, would correspond to
a precipitation volume representative of a 72 hour inter-event
dry period and a 4 month return period for the Orlando

Rainfall Station.

ensitivity Analysis for ain

There are two types of rain gauges in use at the
seventeen rainfall stations. Ten of the stations utilize the
Universal Rain Gauge, which yields precipitation readings to
a hundredth of an inch accuracy. The remaining seven stations
operate a Fisher-Porter Rain Gauge, which records rainfall
data to one-tenth of an inch precision. An analysis was |
performed to discover if there was a significant difference in ,
the results obtained from the varying degrees of accuracy.
Three stations participated in this analysis; Daytona Beach, '
Jacksonville, and Orlando. The rainfall data from these |
stations, which was recorded in hundredths of an inch, was
rounded to tenths of an inch. This eliminated rainfall events
which did not total 0.10 inches for an inter-event dry period

of 4-hours. The exceedence probability distribution was

executed and the precipitation volumes were determined for
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each specified inter-event dry period and return period. The
results for the Orlando Rainfall Station are displayed in
Table 4-3. A percent difference was calculated as a
comparison, and when comparing the two rain gauge types, the
Universal Rain Gauge usually yields a more conservative or
greater value. Therefore, it is concluded that the results
should reflect data that are as accurate as the instruments
will allow. The sensitivity analysis for rain gauge accuracy
for the three station sites tested are found in Appendix G of

this report.

Inter—-Event Dry Periods

The inter-event dry period characteristics of each of the
rainfall stations analyzed showed several degrees of variance.
For rainfall events with a minimum dry period of 4 hours
between successive readings, statistical information including
the mean, standard deviation, variance, coefficient of
variation, and number of events used in analysis, were
determined for inter-event dry periods at each rainfall
station. The results of this analysis are shown in Table 4-4.
The average inter-event dry periods range from 70 hours to 114
hours. The station with the most diverse inter-event dry
periods is Key West, which could be expected as a result of
the varying influence of the island's surrounding waters.

Water quality enhancement is achieved in wet detention

ponds through sedimentation, chemical interactions, and

biological processes. Stormwater detention for a period of 24



“.{0.04 / Universal 1.611:
]0.10 / Flsher-Porter 1.6
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Minimum Storm
Reading For

Gauge And Percent
Difference

Sensitivity Analysis For Orlando, Florida

Mean Precipitation (in.)
For Return Periods (Mo.)

12 Hour

0.04 / Universal
0.10 / Fisher-Porter
% Difference

24 Houff

410.04 7 Universal 12
10,10 / F;sher-Porteri--

% Difference

48 Hour

0.04 / Universal
0.10 / Fisher-Porter
% Difference

72 Hour

0.04 / Universal -

10.10 / Flsher-Porter;r
1% Difference e

96 Hour

0.04 / Universal
0.10 / Fisher-Porter
% Difference

Table 4-3 Sensitivity Analysis For Rain Gauge Accuracy For

] 0.10 7/ Fisher-Por
1% Difference -

/ Universalm

Oorlando, Florida
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Station Standard | Variance
Deviation

Apalachicola |94 44" | 123, 15192.6

Daytona 89.74 [114.11 13021.7 |1.27 1384
Ft. Myers - 191.89 ]167.39 - ]28019.1 {1.82 {1386
Gainesville 97.14 178.77 31958.7 1.84 1305
Inglis - |94.16 {164.50 270614 {1.75 | 1342
Jacksonville | 88.35 106.16 11270.6 1.20 1400
Key West - 1113.72 | s12.82 262987.7 | 4.51 1265
Lakeland 85.10 |125.38 15721.2 | 1.47 1480
Melbourne 95.99 [144.22 |20798.7 |1.s0 |1326
Miami 70.33 | 108.83 11844.7 |1.s5 1768
Moore Haven | 99.74 |151.88 23069.0 |1.52 1261
Niceville 84.70 | 246.65 60838.5 | 2.91 1576
orlando - 184.50 J113.51 " |12885.3 |1.34 1450
Parrish 85.31 | 120.25 14459.6 [ 1.41 1465
Tallahassee |85.08 |104.46 | 10911.9 {1.23 1451
Tampa 96.29 | 130.55 17044.0 |1.36 1301
West Palm Jos.e3  {e1as.1 | "

Table 4-4 Inter-Event Dry Period Statistics For Each Rainfall
Station Using A Minimum 4-Hour Dry Period Between
Successive Storms.
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hours or more may result in greater than 90 percent removal of
suspended solids and associated pollutants carried by runoff
water (Gizzard et al., 1986). Removal of soluble fractions,
collojidal fractions and small size suspended solids
concentrations in urban runoff may be improved by increasing
detention times in a wet detention pond (Yousef et at., 1985
and Hartigan and Quasebarth, 1985). A recent study using
model detention ponds (Yousef, 1988) concluded that a minimum
detention time of at least 72 hours is needed to remove more
than 95 percent of suspended solids and 30 to 70 percent of
nutrients and heavy metals. Therefore, it may be desirable to
design these ponds based on an inter-event dry period
consistent with desired pollutant removal effectiveness. If
design storm events are based on a minimum of 72 or 96 hour
inter-event dry peried, sufficient time may be available for
treatment of runoff events (Hvitved-Jacobsen, Yousef, and
Wanielista, 1988). A minimum inter-event dry period of 72
hours has been specified as a time period during which the
majority of contaminants are removed by natural purification

in wet detention ponds (Wanielista, Yousef, and Harper, 1990).

= ; n Desj
Utilizing the procedure detailed in Chapter Two of this
report to determine the Equivalent Impervious Area (EIA), the
P-I-F curves can be employed to determine the volume of

storage required for water quality enhancement, treatment

volume. The precipitation volume for the desired inter-event
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dry period and return period is read from the P-I-F curve and

multiplied by the EIA to calculate the volume required for

treatment.
Treatment Volume =-1§£%§L£L (15)
where: Treatment Volume = storage volume, acre feet

EIA = equivalent impervious area, acres
P = precipitation volume, inches
12 = conversion factor, inches/foot

For Orlandeo, Florida, a 72 Hour - 3 Month design storm
will have a precipitation volume of 3.4 inches (Figure 4-2).
A pond with a watershed consisting of an equivalent impervious
area of 5 acres would have a treatment volume of 1.42 acre
feet. The linear lines of Figure 4-2 were developed using
linear regression and represent trend 1lines as the

relationship between rainfall event volume and inter-event

dry periods.




CHAPTER FIVE

DIVERSION VOLUME ANALYSIS

Methodology And Criteria

Retention facilities built in accordance with Chapter 17-
25, Florida Adninistrative Code, must have the capacity to
store and infiltrate either the runoff from the first inch of
rainfall or (a minimum of) the first one-half inch of runoff
with 72 hours. Small watershed areas (100 acres oY less) are
only required by the Department of Environmental Regulation to
provide for the minimum first one-half inch level of retention
(F.D.E.R., 1988). The use of a off-line retention facility
for the diversion of the treatment volume is usually
controlled by hydraulic techniques, thus requiring no
electrical energy. Since retention depends on soil and cover
infiltration rates, testing must be performed at the site in
the vicinity of the pond to determine infiltration rates and
the location of the water table.

The Florida Department of Environmental Regulation ha
reported, for fixed diversion volumes, estimated " averagy
yearly pollutant removal efficiencies considering first flus
conditions (small watersheds). The diversion efficiencies
achieve desired treatment levels are shown in Table 5-1

These efficiencies were developed for a 4.6 acre commercis

42
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area that was 83% impervious by M.P. Wanielista (1977) and
reported by the East Central Florida Regional Planning Council
(1983). From Table 5-1, for a small watershed, a design
diversion depth of 0.5 inches should divert 90 percent of the

average annual runoff mass of pollutants.

% Efficiency / Retention Diversion Depth*

e G 80 R : =
" For a 100 % 1mpervious watershed

Table 5-1 Efficiency Percent Vs. Retention Volume (F.D.E.R.,
1988)

For larger projects with a runoff coefficient greater
than 0.5, the storage volume would be calculated using

Equation 16 (F.D.E.R., 1988, pg. 6-207).

where: V, = required volume of basin (ac-ft)

C = rational runoff coefficient (dimensionless)
A = contributing drainage area (ac.)

P = total rainfall (in.)

1l

2 = constant for inches/foot
To meet State Stormwater Rule requirements, the value of P is
equal to one inch.

In reference to the above described criteria, the Florida

|
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-
=
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Department of Environmental Regulation makes the following
statement: ™"The two sizing procedures discussed above are
simplistic, easy to use procedures. They provide the engineer
with the minimum basin volume that is required to satisfy the
intentions of state stormwater treatment standards. However,
it should be noted that the procedures were developed quite
sometime ago (1977-1978) during the initial phases of the
state nonpoint source pollution control program. The initijal
evaluation of pollutant removal efficiency and diversion
volume required to achieve water quality objectives was based
primarily on statistical analyses of rainfall event magnitude
and duration. The results, summarized and illustrated in
Table 6-11, (Table 5-1), were viewed as a first indication
that high efficiencies of pollutant removal were possible by
diversion and retention of the first one-half inch of runoff
or the runoff from the first inch of rainfall." (F.D.E.R.,
1988, pg. 6-207).

It should be further noted that the original field
measurements of water guantity and quality data were done on
a diversion pond with an average infiltration rate of 8 to 10
inches per hour with a maximum pond depth of 2.5 feet. Thus,
the pond would infiltrate the stored maximum volume in about
four hours, or less. Therefore, an inter-event dry period of
4 hours, or less, would be sufficient to insure the pond was
empty before the beginning of the next rainfall event. The

efficiencies, as reported, were specific for short inter-event
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dry periods and first flush events.

The Florida Department of Environment Regulation also
employs an additional technique for the determination of
diversion storage volumes for 80 and 90 percent efficiency.
These egquations, termed the Wanielista Design Equations, were
developed based on water quality and quantity research
actually conducted in the field subsequent to the adoption of
the previously described criteria (East Central Florida
Regional Planning Council, 1983). These design equations were
developed for shallow basins (less than or equal to 5 feet)
and are suitable to estimate storage volumes needed to achieve
80 to 90 percent pollutant removal for a wider range of
watershed sizes and conditions (F.D.E.R., 1988, pg. 6-208).

or e Sojls:

80% Efficiency = V, = 0.016 A - for impervious watershed

90% Efficiency = V, = 0.046 A ' for impervious watershed

Vi = V, (0.59 + 0.37 CN / 100) for
composite land use

where: A = watershed area (acres)
V, = storage volume for impervious watershed
and a 5 foot deep pond (acre feet)
Vg = storage volume at a depth of 5 feet
(acre feet)
CN = composite curve number
The watershed areas used to develop these equations were
between 2 and 500 acres. Other equations are used to adjust
volumes when the pond diversion volume is less than 5 feet.

A high degree of treatment can be ensured by simply

diverting the corresponding percentage of runoff, however this
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criteria is only valid to the extent that all storms equal to
or less than the diverted amount will be stored and treated
(infiltrated). A number of factors including the method of
calculating runoff, antecedent moisture conditions, the
infiltration rate, the time varjability between rainfall
events, the size of the watershed and the depth of the basin
(deeper basins require a longer time to recover) affect the
actual treatment efficiency and thus the storage volume
required for a basin to actually achieve 80 percent treatment
(F.D.E.R., 1988, Chapter €6). The inter-event dry period has
not been considered in the current regulations, but will be
evaluated in this work as it affects diversion volume given an

annual removal efficiency.

alculatj jve v
A cunulative distribution function was generated from the
fifteen year database for inter-event rainfall records of 4-
hour, 24-hour, and 72-hour, at each rainfall station to
develop diversion volume curves. Equation (17) is the basic

equation for the diversion volume analysis (Wanielista,b 1990,
pg. 340).

Diversionvol.
F(Vol.|DiversionVol.)= - ; P(i) x;n
=g

(17}

+ )) P(i), Diversionvol.n
i=Diversionvol.
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where: x = average precipitation for interval
Vol. = volume of rainfall per year
n = number of events in interval
P(i) = frequency of the event interval
Diversion Volume = maximum volume diverted
per storm event (in.)
An example calculations format for a diversion volume analysis
using the Orlando Rainfall Station is shown in Table 5-2. An
illustrative example of the calculations used to determine the
percent of average yearly volume diverted for the first
several precipitation volumes is as follows:

1) 19.8 + 0.10 (1448 - 396) = 125
125 / €95.3 * 100% = 18 %

2) 62.4 + 0.20 (1448 - 396 - 284) = 216
216 / 695.3 % 100% = 31.1 %

3) 95.7 + 0.30 (1448 -~ 396 - 284 - 133) = 286.2
286.2 / 695.3 * 100% = 41.2 %

These mathematical manipulations are performed gquickly and
effortlessly through the use of a microcomputer and
spreadsheet software. QUATTRO PRO (1991) was used to perform
the necessary mathematics in this analysis. The diversion
volume is the sum of rainfall up to the diversion volume plus
the sum of the diversion volume and the frequency of
exceedence. From Table 5-2, an off-line system which diverts
1.00 inéh of rainfall over the watershed area in the Orlando
Region has an efficiency of 78.3 percent (about 80 percent)

for a 4-hour inter-event dry period.



Table 5-2 Example Diversion Volume Calculations For
Orlando, Florida (15 Years of Data, 4 Hour
Inter-Event Dry Pericd).
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Diversion Volume Curves have been generated using the
previously described technique for the seventeen rainfall
stations in this study. The curves are representative of 4-

hour, 24-hour, and 72-hour inter-event dry periods (and can be

found in Appendix C of this report. The diversion volume

method of water quality treatment is directed specifically
towards use in off-line retention systems. The desired
efficiency of pollutant removal is assured through the
diversion of the corresponding precipitation volume into the
retention basin for infiltration. The inter-event dry pericd
selected for the design diversion volume should correspond to
the anticipated recovery time for the retention system.

To determine the storage volume for the infiltration
pond, a runoff coefficient representative of the watershed
area is used with Equation (16). The value of R = 1.00 inch,
as currently specified by the Florida Department of
Environmental Regulation, would now be a variable
precipitation volume which is determined from the Diversion
Volume Curves (rather than a constant value).

Example Problem
A 120 acre watershed, in the Orlando area, with a
runoff coefficient of 0.5 must have an off-line retention pond
to control 80 % of the average annual pollution mass in the
runcff water. The off-line retention site has a limiting

infiltration rate of 0.21 ft/hour and a 5 foot deep basin is
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established for design. Therefore, an inter-event dry perioced
of 24 hours would be appropriate (5 feet / 0.21 feet per hour
= 24 hours). Based on the size of the watershed (>100 Acres)
and moderate amount of impervious area, a first flush probably
does not exist, thus Figure 5-1 diversion volume curve can be
used. For 80 percent efficiency and a 24-hour inter-event

dry period, the diversion volume is 1.6 inches (Figure 5-1)

from the equivalent impervious area . The storage volume of

the pond is calculated by Equation (16) toc be 8 acre-feet.

Use of Diversion Volume Cu s

The effect of any "first flush" events is not considere
in the Diversion Volume Curves. A constant concentration o
pollutants in the runoff for each storm event is assumed |
this analysis. If a "first flush" effect does exist, t
design would be conservative in that the percent efficiency
the system would be increased for the removal of pollutant

An off-line retention system incorperating the use
Diversion Volume Curves would be cost effective for wat
quality control of large watersheds with a minimum first fl
effect. The infiltration systems may also be used to red
the volume of stormwater discharge and thus may meet
intent of the State Stormwater Policy for reuse. In additi
off-line stormwater manaqemenf systems may be designed
sediment control; chemical treatment using alum, oOX sele

filtration material to remove solids and dissolved materi
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Diversion Volume
Analysis
Orlando, Florida
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‘Figure 5-1 Percentage of Yearly Volume Diverted for

Treatment based on 15 Years of Data for
Orlando, Florida.




CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

overview

This work is based on the use of a mininum inter-event
dry period which is the pinimum time of no rainfall between
two rainfall events. It is proposed to use a minimum inter-
event dry period as a basis for the design of stormwater
management systens for water guality control. The inter-event
dry period allows for the consideration of wet detention times
for pollutant removal, as well as, the recovery time for
systems designed for jnfiltration, chemical treatment,
sediment control, or off-line retention. Use of the inter-
event dry period in design gives the designer the ability to
achieve varying levels of water quality improvement based on
individual system detention or process times.

conditional frequency distributions on rainfall volumes
given a minimum inter-event dry period were developed for 17
regions in Florida. For specifed exceedence frequencies ]
(levels of risk), curves were developed that relate
precipitation volume to minimum inter-event dry periods, and
were called Precipitation - Inter-event Dry Period - Frequency*

curves, or P-I-F curves.

52
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Geographic Varjabjlity of P-I-F Curves

The P-I-F Curves can be used to determine treatment
volumes for watersheds of various sizes and land uses by
utilizing the runoff coefficient along with precipitation
volumes that correspond to specific inter-event dry periods
and exceedence frequencies. As is inherent with all design,
there exists a risk of failure associated with that design.

The mean volumes for the 4-hour, 12-hour, 24-hour, 72-
hour, and 120-hour inter-event dry periocds, and three month
return periods are shown in Table 6-1 for each geographic
region in Florida. This comparison shows a standard deviation
from the mean precipitation volume, for the statewide results,
ranging from 0.2 inches to 0.5 inches. This low deviation
indicates that it would be conceivable for a statewide rule to
be set forth and applied to each region of the state.

Based on the results from each site, the 72 Hour - 3
Month precipitation volume has an average exceedence of 11.8
percent. This means that, based on a statewide average,
utilization of the P-I-F curves will achieve the desired level
of treatment approximately 90 percent of the time for a design

based on the 72 Hour - 3 Month precipitation volume.

abj \'4 me
A comparison of the precipitation volumes associated with
average annual diversion volumes of 80 percent and 90 percent

are shown in Table 6-2 and Table 6-3, respectively. Each

region analyzed, for both 80 percent and 90 percent diversion
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volumes, had only a 0.1 inch standard deviation from the
statewide mean volume associated with each inter-event dry
period. This demonstrated a close correlation in the percent
of annual diverted volume, inter-event dry period, and the
associated precipitation volume for each rainfall station
throughout the State. Furthermore, the comparison of these
results, strengthens the concept that statewide criteria could

be developed based on this research.

Geographic Variability of Statistical Data

The geographic variability in average volume and duration
data for the 4-hour and 72-hour minimum inter-event dry
periods are shown in Table 6-5. For the 4-hour minimum inter-
event dry period, the statewide mean precipitation volume is
0.53 inches and the corresponding storm duration is 3.9 hours.
The statewide mean precipitation volume for the 72-hour
minimum inter-event dry period is 1.48 inches with a mean

storm duration of 57.3 hours.

Recommendations
Based on a comparison of this study's data and findings,
it can be concluded that the geographic variability throughout
the State is minimal. If state-wide design volumes are
required for practical application based on this research, it
is recommended that the average of all geographic locations be!

used.



- Apalach:

Daytona Beach

Miami

‘Moore Haven =

Niceville

Comparison of (inches)

‘Min s

Maximum

Standard
Deviation

Table 6-1 Comparison of ‘Precipitation Volumes (inches)
Geographic Regions For Selected Minimum Inter-Event
Dry Periods And Two-Month Return Periods.

* From Trend Lines In Appendix B
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Minimum Inter-Event Dry Period
Region (Hours)

Apalachicol

Daytona Beach

Gainesville

_Inglis

Jacksonville

Lakeland

‘Melbourne

Miami

Moore Haven | 1.

Niceville

orlando |

Parrish

 TéiiéH5g§éé;fii;i;f7ﬁ%f i

Tampa
ﬁWéQtﬂ?élmjBeddhﬁfffiﬁﬁffhﬁﬁﬂ

Comparison © jtation Volumes (inches)

ﬁMiniﬁﬁﬁf“fﬁiiﬁiffifEér:quaiﬁfd{fiii&éjbislig}ﬁﬁthQﬁfﬁffi

Maximum

Standard
Deviation

Table 6-2 Comparison of *Precipitation Volumes (inches} By
Geographic Regions For Selected Minimum Inter-Event
Dry Periods And Three-Month Return Periods.

* From Trend Lines In Appendix B




Minimum Inter-Event Dry Period
(hours)

: ngli

Jacksonville
Key West
Lakeland

Miami

= Moore Haven |~ 1.1
1.3
= orlando. . | 1.1 |

Parrish 1.1_

= Tallahassee | a3}
1.1
- . fﬁfﬁjﬂi@3?ﬁdcfxﬂflﬁiﬂfffxyfﬁﬁﬁ

‘Minimum

Maximum

Average.

Standard Deviation

Table 6-3 Comparison Of 80 Percent ‘Diversion Volumes (inches)
- By Geographic Regions For Selected Minimum Inter-
Event Dry Periods And Three-Month Return Periods.

* From Curves In Appendix C
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Minimum Inter-Event Dry Period
Regiocn (hours)

pa

Daytona Beach

Lakeland

“elbourne

Miami

Parrish

Tallahassee | 2.

Tampa

iwéééfﬁﬁiﬁfﬁéééhff&;f

‘Minimum:

Maximum

average

Standard Deviation

Table 6-4 Comparison Of 90 Percent “Diversion Volumes (inches)
By Geographic Regions For Selected Minimum Inter-
Event Dry Periods And Three-Month Return Periods.

* From Curves in Appendix C
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4-Hour Minimum 72-Hour Minimum
Region Inter-Event Dry Inter-Event Dry
Period Period

Mean Mean Mean Mean
Volume Duration Volume Duration
(inches) (hours) (inches)

Gainesville

ST e GG T

Jacksonville

KeyWest | 0.45 | 3

Lakeland

‘Meibourne.

Niceville

orlando

Average

Table 6-5 Comparison of Rainfall Statistics For 4-Hour and
72-Hour Minimum Inter-Event Dry Periods By
Geographic Region.
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72 Hour - 3 Month Analysis

Apalachicola, Florida

{ ] 1 ] 1 ] | 1 ] |
6 7 8 ] 10 11 12 13 14 15
Years

Figure A.1

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retum
Period for Apalachicola as a function of the number
of years of data.
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72 Hour - 3 Month Analysis
Daytona Beach, Florida
5.00

4_50 T ks

’_“400 RO R S [PPSR

ncnes

frecipEat
o w o
o o o
} I

0.00 ] ] ] I i 1 l | l i
5 6 7 8 Q 10 1 i2 13 14 15 16

Years

Figure A.2

Sensitivity analysis for precipitation volume given a

72 hour Inter-Event Dry Period and a 3 month Return
Period for Daytona Beach as a function of the number
of years of data.
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72 Hour - 3 Month Analysis
Ft. Myers, Florida

6 7 8 9 10 i1 12 13 14
Years

Figure A.3

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retumn
Period for Ft. Myers as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Gainesville, Fiorida
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Figure A.4

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Return
Period for Gainesville as a function of the number

of years of data.
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72 Hour - 3 Month Analysis
inglis, Fiorida

5 6 7 8 9 10 11 12 13 14 15

Years

Figure A5

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retumn
Period for Inglis as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Jacksonville, Florida
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Figure A.6

Sensttivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retum
Period for Jacksonville as a function of the number

of years of data.
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72 Hour - 3 Month Analysis
Key West, Florida
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Figure A.7

Sensitivity analysis for precipitation volume given a
72 hour Iinter-Event Dry Period and a 3 month Retumn
Period for Key West as a function of the number

of years of data.
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72 Hour - 3 Month Analysis
Lakeland, Florida
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Figure A.8

Sensitivity analysis for precipitation voiume given a
72 hour Inter-Event Dry Period and a 3 month Return
Period for Lakeland as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Melbourne, Florida
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Figure A.9

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retum
Period for Melbourne as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Miami, Florida
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Years

Figure A.10

Sensitivity analysis for precipitation volume given a
72 hour inter-Event Dry Period and a 3 month Retumn
Period for Miami as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Moore Haven, Florida
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Figure A.11

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retum
Period for Moore Haven as a function of the number
of years of data.
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72 Hour - 3 Month Analysis

Niceville, Florida
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6 7 8 9 10 11 12 13 14 15
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Figure A.12

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Return
Period for Niceville as a function of the number

of years of data.
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72 Hour - 3 Month Analysis
Oriando, Florida
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Figure A.13

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Retumn
Period for Orlando as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

Parrish/Bradenton, Florida
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Figure A.14

Sensitivity analysis for precipitation volume given a

72 hour inter-Event Dry Period and a 3 month Returmn
Period for Parrish/Bradenton as a function of the number
of years of data.
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72 Hour - 3 Month Analysis

Tallahassee, Florida
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Figure A.15

Sensitivity analysis for precipitation volume given a
72 hour Inter-Event Dry Period and a 3 month Return
Period for Tallahassee as a function of the number

of years of data.
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72 Hour - 3 Month Analysis
Tampa, Florida
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Figure A.16

Sensitivity analysis for precipitation volume Qiven a
22 hour Inter-Event Dry Period and a3 month Retum
Period for Tampa as a function of the number

of years of data.
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72 Hour - 3 Month Analysis

West Palm Beach, Florida
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Figure A.17

Sensitivity analysis for precipitation volume given a

72 hour Inter-Event Dry Period and a 3 month Retumn
Period for West Palm Beach as a function of the number
of years of data.
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P-I-F CURVES
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Diversion Volume
Analysis
Apalachicola, Florida
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Figuwre C.1
Percentage of yearly volume diverted for treatment based

on 15 years of dala for Apalachicola, Florida.
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Diversion Volume

Analysis
Daytona Beach, Florida
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Figure C.2

Percentage of yearly volume diverted for treatment based
on 15 years of data for Daytona Beach, Florida.
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Diversion Volume

Analysis
Fort Myers, Florida
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Figure C.3 -
Percentage of yearly volume diverted for treatment based

on 15 years of data for Fort Myers, Florida.
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Diversion Volume

Analysis
Gainesville, Florida
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Figure C.4 ‘
Percentage of yearly volume diverted for treatment based

on 15 years of data for Gainesville, Florida.
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Diversion Volume

Analysis
inglis, Florida
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Figure C.5

Percentage of yearly volume diverted for treatment based
on 15 years of data for Inglis, Florida.
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Diversion Volume

Analysis
Jacksonville, Florida
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Figure C.6 _
erted for treatment based

percentage of yearly volume civ
on 15 years of data for Jacksonville, Florida.
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Diversion Volume

Analysis
Key West, Florida
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Figure C.7 ,
Percentage of yearly volume diverted for freatment based
on 15 years of data for Key West, Florida.
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Diversion Volume

Analysis
Lakeland, Florida
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Figwe C.8 .
Percentage of yearly volume diverted for treatment based
on 15 years of data for Lakeland, Florida.
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Diversion Volume

Analysis
Melbourne, Florida
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Figure C.9
Percentage of yearly volume diverted for treatment based
on 15 years of data for Melbourne, Florida.
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Diversion Volume

Analysis
Miami, Florida
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Figure C.10
Percentage of yearty volume diverted for treatment based

on 15 years of data for Miami, Florida.
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Diversion Volume
Analysis

Moore Haven, Florida
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Figure C.11

Percentage of yearly volume diverted for treatment based
on 15 years of data for Moore Haven, Florida.
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Diversion Volume

Analysis
Niceville, Florida
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Figure C.12
Percerage of yearly volume diverted for treatment based

on 15 years of data for Nicevile, Florida.
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Diversion Volume

Analysis
Orlando, Florida
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Figwre C.13 .
Percentage of yearly volume diverted for treatment based
on 15 years of data for Orlando, Florida.
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Diversion Volume
Analysis

Tallahassee, Florida

% of Yearly

| | i | | I |
(H] 0.5 1 1.5 2 25 3 a5 4
Diversion Volume (inches)

4 Hour I/E 24 Hour JE 72 Hour E
—— —.— —A—

Figure C.15
Percentage of yearly volume diverted for treatment based

on 15 years of data for Tallahassee, Florida.
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Diversion Volume

Analysis
Tampa, Florida
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Percentage of yearty volume diverted for treatment based

on 15 years of data for Tampa, Florida.
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Diversion Volume

Analysis
West Palm Beach, Florida
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Figure C.17
Percentage of yearly volume diverted for treatment based
on 15 years of data for West Palm Beach, Florida.
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APPENDIX G
ACCURACY

SENSITIVITY ANALYSIS FOR RAIN GAUGE
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Sensitivity Analysis For Daytona Beach, Florida

I/E Minimum Storm Mean Precipitation (in.)
Dry Reading For For Return Periods (Mo.)
Period Gauge And Percent

Difference 2 3 4 6

0.04 / Universal 1.80 2.20 2.47 | 2.93
12 Hour 0.10 / Fisher-Porter | 1.81 2.16 2.40 2.86
% Differencg -0.56 1.82 2.83 ] 2.39 )

0.04 / Universal 2.38{ 3.17{ 3.81| 4.32
48 Hour 0.10 / Fisher-Porter | 2.28 2.95 3.57 ] 4.06
% Difference 4.20 6.94 6.30 | 6.02

0.04 / Universal 2.71 3.83 4.50| 5.40
96 Hour 0.10 / Fisher-Porter | 2.60 3.67 4.301] 5.20
% Difference 4.06 4.18 4.44 ] 3.70

Table G-1 Sensitivity Analysis For Rain Gauge Accuracy For i—il"‘
Daytona Beach, Florida




170

Sensitivity Analysis For orlando, Florida

I1/E Minimum Storm Mean Precipitation (in.)
Dry Reading For For Return Periods (Mo.
Period Gauge And Percent 5 3 4 6

pifference

0.04 / Universal 1.64 1.94 2.18 2.61
12 Hour 0.10 / Fisher-Porter 1.64 1.94 2.17 | 2.58
% Difference 0.00 0.46 ) 1.15

0.04 / Universal 2.34 3.00 3.45 3.92
48 Hour 0.10 / Fisher-Porter | 2.20 2.72 3.20| 3.74
% Difference ' 5.98 9.33 7.25| 4.59

0.04 / Universal
96 Hour 0.10 / Fisher-Porter 2.72 4.20)| 5.17
% Difference 0.00 10.64 | 7.51

Table G-2 gensitivity Analysis For Rain Gauge Accuracy For
orlando, Florida
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Sensitivity Analysis For Key West, Florida

I/E Minimum Storm Mean Precipitation (in.)
Dry Reading For For Return Periods (Mo.)
Period Gauge And Percent

Difference 2 3 4 6

0.04 / Universal 1.46 1.88 2.04 | 2.46
12 Hour 0.10 / Fisher-Porter | 1.44 1.88 2.04 | 2.46
% Difference 1.37 0.00 0.00 ] 0.00

0.04 / Universal 1.72 2.30 2.67 3.60
48 Hour 0.10 / Fisher-Porter | 1.70 2.22 2.48 | 3.30
% Difference

0.04 / Universal 1.95 2.65 3.50{ 4.30
96 Hour 0.10 / Fisher-Porter | 1.79 2.38 3.03| 4.04
% Difference 8.21]| 10.19 ] 13.43 | 6.05

Table G-3 Sensitivity Analysis For Rain Gauge Accuracy For
Key West, Florida
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