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MODELING TECHNIQUES
FOR STORMWATER POND

Sizing to Meet New Criteria in FDEP’s
State-wide Stormwater Rule
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NEWARDERES iehmYYae @RI ERie);
Calculating Pollution Treatment
Volumes

New stormwater regulations are set to take effect
which will limit the postdevelopment discharge of
nutrients in stormwater to less than or equal to
predevelopment conditions (based on annual
mass of nutrient in runoff).
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Proposed Methodology

The new rules provide a procedure for calculating the treatment
volume requirements for stormwater ponds within the State of
Florida.

The methodology divides the State of Florida into five distinct
climate zones based on similarities in the average yearly rainfall
distribution, etc.

. Florida Panhandle

. Central Florida
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3. Florida Keys
4. Florida Gulf Coast
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Climate Zones
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ypes of Pond Coniigurations

Dry Pond

Wet Pond

Treatment Train
Stormwater Reuse Pond
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Pomnd Efificiency

Dry Ponds WelR@liels

Dry pond removal efficiency is Wet pond removal efficiency
simply the percentage of the of nitrogen and phosphorous
annual runoff volume which is IS a function of annual
retained and infiltrated for an residence time.

average rainfall year. Uptake of nitrogen and

phosphorous in a wet pond is
initially fairly rapid but tapers
off with time.
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Definition of Reslidence Time

Wet Pond Volume

Annual Residence Time =
Yearly Runoff Volume

Example:

Pond Volume = 50 ac-ft
Yearly Runoff = 91.25 ac-ft/yr
50 ac-ft

Annual Residence Time = = 200 days
91.25 ac-ft/yr

Note that the residence time used in the calculations is the annual
residence time as defined in the previous slide. This should not be
confused with wet season residence time, or any other definition of

residence time.
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Nitrogen Removal Efificiency ifor Weft Pond

Percent Removal = 43750,
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Plhosphorous Removal Efificiency ror Wet Pona
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Note to Practitioners in SJRWNMID

In SIRWMD, the current removal efficiency limit is 64.5% for a
permanent pool volume that provides for a WET SEASON residence

time of 21 days.

If the WET SEASON residence time is 14 days, then the removal
efficiency would be 61.5%.

Also note that the Residence Time entered in the Wet Pond input data
In this module is the ANNUAL residence time, not the WET SEASON

residence time.

=)
(]
=)
@
B
&
—
=|
@
@
@
E=4
=]
&
&
=]
=]
ey




Anoxic Depth of Pond or Lake

Anoxia is defined as dissolved oxygen concentrations less thanimg/l,
for waterbodies in Central and South Florida.
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LITTORAL PELAGIC ZONE LITTORAL fﬁ}”mmmmm}h
(OPEN WATER) | ZONE 1] g I
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ZONE |
|
i

MIXED LAYER PHOTIC ZONE N PHOTOSYNTHESIS
(EPILIMNION) > RESPIRATION

PHOTOSYNTHESIS SUMLIGHT
EQUALS —— == AT 1% OF

RESPIRATION SURFACE

APHOTIC ZONE RESPIRATION >
(HYPOLIMNION) PHOTOSYNTHESIS
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Environmental Research and Design, Inc.

The volume of water below the anoxic depth does not provide
treatment. Only the volume of water above the anoxic depth is used
when calculating the permanent pool volume.




Wet Pond Limitations

Nitrogen removal efficiency for a wet pond quickly reaches a point of
diminishing returns. Nitrogen removal efficiency is limited to about

43%.

Therefore, a wet pond alone will probably not work for most sites,
unless the required pre vs post-development nutrient removal
efficiency is less than 43%.
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Treatment Trains

When a wet pond will not remove a sufficient percentage of nutrients
on it's own, then pre-treatment of the stormwater runoff can be used.
The most efficient way to achieve pre-treatment is by placing a dry
pond in series with a wet pond.

—>» Dry Pond —» \Wet Pond —»

The dry pond must be sized to remove whatever mass of nutrient can
not be removed by the wet pond.
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Treatment Train Efficiencies

The total efficiency in a wet/dry treatment train is calculated as
follows:

Total Efficiency = Effdry + (1 - Effdry) X Eff,qt

Note that the wet and dry efficiencies are not simply added. The wet
pond removes a percentage of whatever nutrient remains after

pretreatment.
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Stormwater Reuse Pond

A stormwater reuse pond is a retention pond which is also used as a
source for irrigation water (or other non-potable use).

The efficiency of a stormwater reuse pond is a function of the volume
of water which is consumed for irrigation which would otherwise have
been discharged offsite.

Design curves for estimating the efficiency of a stormwater reuse
pond are available based on the work of Dr. Marty Wanielista.
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R-E-V Design Curves for Reuse Pond
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Using the PONDS 3.8
Nitrogen and Phosphorous
Loading Module
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First Look

Early adopters of the PONDS N-P module will notice a big change in
the data layout of the current program version. The data input has
been simplified and made more intuitive.
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A4 PONDS N/P Calc - unititled -

File Opti Hel . . :
' RHens e Click here to show project data, or right

[ ||;i’,‘:| E| %| ﬁ| click here to add additional data pages.

[FiEw pru:uiectf

Analyzis Type

Example Pgnd 2 " Dy Pand
(o Wiet Pond / Treatment Train

[ Stormwater Heuse Pond

Click here to show

_ | Analpze For Phosphorus Only
calculation data.

Climate

Climate Zone 1 - Flanda Panhan:

M ean Snnual Banfall [inches) W

o

Left pane shows list of current Right pane shows data‘entry
data pages, for example project page, for prejéct data or
data or calculation data pages. calculations.
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A Quick Look at the Calculations Data

Analysiz Type
(" D FPond

(" Stnrmwater Reuze Pond

| Analyze For Phozphorus Only

Climate

Climate Zone 1 - Florida Panhandle iew Map
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tean Annual Raintall [inchesz] |5 Wiew b ap




Predevelopment Basins

MNurmber OF Runoff Basing |2

Brea
[acresz]

CH

| Show Details

ey
hdl

DCIA,
[%)

Land ze
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100

E5

I

Undeveloped / Rangeland / Forest

2

a5

100

102

B5.E470R

1.960754

Mon-Runoff Producing Areas [acres)

T otal Predevelopment Area [acres)

Postdevelopment Bazins

- |
Murmber OF Runoff Basing |2 =l

Area
[acresz]

Highaay

Land Uze

30 B5 28

Single-F armily

2 35 100

32 B5.71733

Mon-Runoff Producing Areas [acres)

Total Postdevelopment Area [acres)

26.63043

Highweway

10

[Includes pond area.]

102
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wet Pond Input

FHezidence Time [days) 200

Anowic Depth Beduction Factar |1.0 [0.75 1z current recommendation from FOEP)

| Lirnit M axirum Phozphorous Bemaoval Efficiency ta Agency Specified b asimnum:

Treatment Train Summary Hesults

Heq. Tatal  Aval et Pre-treatment
Mitrogen Hemoval Efficiency [%] F9.37243 4281241 B3.929599

Phiozphorous Bermowal Efficiency [%] 190075274 FA.87025 R4 05376

RHequired Permanent Pool Yalume of ‘et Pond [ac-ft] |27, 2546
E ztimated Anaoxic Depth of YWet Pond [ft) 1225032
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Dry Pond Pretreatment

Required Dezign Efficiency of Dy Pond [%] B3.925993
Hequired Retention Depth of Dy Fond [inchesz] 0480123

WwWet Pond Properties

Annual Runoff Reaching Wet Pond [ac-ft) 4973965

Hequired Permanent Poal Y olurme [ac-fi] 2. 2546

Yearly Phozphorous Load (kg 19.62456

Wt Fond Phorphorous Rermoval Efficiency [#] 987025

Annual Mazz of Unremoved Phosphorous [kader]  13.950375

tean Phozphorous Concentration in Fond [padl)  |41.595589

E ztimated Chlorophyll-a Concentration [mgdnr) 2029182
E ztimated Sechi Dizk Depth [ft] 3. 738047

E zstimated Anoxic Depth [ft] 1225032




Stormwater Reuse Pond Option

Analyziz Type

" Dy Pond
" Whet Pond / Treatment Train

| Analyze For Phosphoras Only

Click here to launch
PONDS R-E-V module.

Stormwater Heuse

Solve Uzing REY

Note: If pretreatment
- requirement is zero, then
Ellferiey 2] ot el no pretreatment (dry pond,

Stormwater Reuse Vaolume [ac-ft] |10.867 etc.) is required.

Reusze Rate [gpd] 1636128
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Treatment Train Summary Results 7
Req. Total  Awal Wet  Pre-treatment

Mitrogen Removal Efficiency (%] £3.37243 90.7R383 1]
Phosphorous Removal Efficiency [Z] 90,7527 4 30, /H383 1]
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PONDS 3.3 Stormwater Reuse - [untitled]

Eeturn  Project Data Help

Froject [ Data | Save and Exit | Dizzard and Exit |
Climate 5 tation | Apalachicala = Ma

Sokve For l Interactive L]

Apaglachicola

Contributing B azin Area [acres]
E=

Runaff Coefficient
|0.2767174

E quiralent Impervious Area, ELA [acres)
|25.458

E, Percertage of Runoff Reuzed
Irrigation Area [acres)

40

Reuze Fate [indweek)
1054425

Efficiency (%]
190.75563

[

Starage Yolume [ac-ft)
110,857

]
=y

R, Reuse Rate (infday on equiv. impervious area)

R |0.23667652

E |90.75883 | | | | | |
_— ' 2 3 g 5 &
X |5-122318 Y, Reuse Yolume {inches on equivalent impervious area)

Recalculate |




Example 1: Single Basin Dry Pond

100 acres of undeveloped land will be converted into a single family
housing development.

Determine the size of dry pond needed to provide the required
stormwater nutrient removal.

The site is located in Central Florida (SJRWMD) with an average
rainfall of 50 inches per year.
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Example 1: Predevelopment Conditions

Basin Area = 100 acres

Land Use = Undeveloped / Rangeland / Forest *
Non-DCIA Curve Number = 65

DCIA = 0%
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Note: At present, the intent of the stormwater regulations is to
consider the predevelopment condition to be undeveloped land, i.e.,
natural conditions, regardless of the past land use (for example,
pasture, agricultural land, etc.). This condition may or may not
become part of the final regulations, so consult the final regulations
when available.




Example 1: Postdevelopment Conditions

Basin Area = 90 acres *

Land Use = Single Family
Non-DCIA Curve Number = 65
DCIA = 35%

Note that the postdevelopment basin area is less than the
predevelopment basin area in this example. This is because the

stormwater pond itself is not counted in the runoff-producing area.

As a starting point, we have assumed a 10 acre pond.

&
&
=
@
—
@)
=
=|
e
@
@
imid
=]
E5)
&
=)
=)
&




Example 1: Single Basin Dry Pond, Step

A PONDS H/P Calc - unititled
File Options Help

02 E| 2| 4 Click here to show data page.

[rew project)
kultibazin Pond

Analysis Type

fo Dy Pond \/
" Wet Pond / Treatment Train

(" Stormwater Reuse Pond

| Analyze For Phozphorug Only
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Climate
p4

Clirate Zone 2 - Central Floida Y
b ean Annual Bainfall [inches] |50 v YWiew Map




Example 1: Single Basin Dry Pond, Step 2

Predevelopment Baszins [ Shaow Detailz

: |
\/ Mumnber OF Bunoff Bazins |1 =i

Area DCIA
[acres) CH [#] Land =&

1 [100 65 [ |Undeveloped / Riangeland / Forest

‘/ Mon-Hunoff Producing &reas [acresz]

Total Predevelopment Area [acres)

Poztdevelopment Bazing [ Show Details

/Numl:-er OF Runoff Baszing |'| ﬁ

Area DICl
[acres) CH [%] Land Uze

NARET 65 35 | Single-F amily
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\/ Maon-Runoff Producing Areas [acres) [Inzludes pond area. )

T otal Poztdevelopment Area [acres)




Example 1A: Single Basin Dry Pond, Results

Heszults

FRequired Mitrogen Rermoval Ehiciency (%] 91 EE3EES

Required Phosphorouz Remaoval Efficiency (%] (9747677

Crezighn Efficiency (]

Required Retention Depth [Inches) |2.4EEIEIE?
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In an average year, the pond must retain and infiltrate 97.5% of the
total runoff from the site.

Required Pond Storage Volume = 2.49 in x 90 acres = 18.7 ac-ft




Example 2: Single Basin Wet Pond

Given the same conditions as in Example 1, what is the required
configuration for a wet/dry treatment train pond system.

Runoff — Dry Pond —) \/\/E1 Pond — DiSChal’ge
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Example 2: Basin Parameters

Predevelopment
Basin Area = 100 acres

Land Use = Undeveloped / Rangeland / Forest *
Non-DCIA Curve Number = 65
DCIA = 0%

Postdevelopment
Basin Area = 90 acres
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Land Use = Single Family

Non-DCIA Curve Number = 65

DCIA = 35%

Wet Pond Residence Time = 200 days




Example 2: Single Basin Wet Pond, Step 1

A PONDS N/P Calc - unititled
File Options Help

D EH| & 44 / Select menu to create new data page

R'ght CI'Ck_’ [new project)
here for menu

Multibasin Pond, Wek or Dry

Insert Global Data Variables

Insert Mitrogen Lookup

Insert Phosphorous Lookup

Insert Runoff Coefficient Lookup

Insert Runoff Yolume Calc

Insert Mitrogen and Phosphorous Load Calc
Insert Pre ws Post EFficiency Calc

Insert Treatment Train Efficiencies Calc
Insert Dry Pond Retention Depth Calc
Insert \Wet Pond Characteristics Calc

2000 BHEC Gonicrenee

SUperyIzing Engineer ]

Date |




Example 2: Single Basin Wet/Train, Step 2

A PONDS N/P Calc - Example. npc
File ©Options Help

D@ &| s

Example.npc .
H=.1P Analyzis Type

bet Pond | ) " Dy Pond

(o Wet Pond / Treatment Train‘/

" Starmwater Heusze Pond

Rename
| Analpze For Phosphorus Only

2000 BHEE Gonicrenee

Climate

Clirnate Zone 2 - Central Flonda v

tean dnnual Bainfall [inckhesz] (50 v Wiew Map |




Example 2: Single Basin Wet/Train, Step'3

Predevelopment Bazins [ Show Details
v’ Murmber OFf Runoff Basins |1 i{

Aired DCl,
[acres) CH (%]

Land Lse

1 100 65 0

||_|I"|I:|E"."E!|III|:IE!IZ| ! Rangeland / Forest

‘/ Mon-Runaff Producing &reas [acres)

Total Predevelopment &rea [acres)

Postdevelopment Basing | Show Details
\/HumheerHunnffEasins 1 il

fires DIClA
[acres) CM [%]

Land Lse

v'1 |30 65 35

| Single-Family

\/ Mon-Runoft Producing Areas [acres)

[Includes pond area. ]

T otal Poztdevelopment drea [acres)
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Example 2: Single Basin Wet/Train, Step 4

wet Pond Input

Rezidence Time [daps) 200 v
Anoxic Depth Reduction Factar [0.75 [0.75 1= current recormmendation from FOER)

W Limit Masirnurn Phozpharous Bemaoval Efficiency to Agency Specified Masimun: |E4.5\/
For SIRWMD

Treatment Train Summary Besults
Heq. Total  Awal Wet  Pre-treatment

Mitrogen Remowval Efficiency [%)] 97 BEEES 42 81241 Hh 42287
FPhosphorous Rermoval Efficiency [%] (9747617 Rd.5 92 83063

Required Permanent Poal Volume of YWet Pond [ac-ft]  14.543173

E ztimated &noxic Depth of \Wet Fond [ft) £.175991

Wet pond alone is not sufficient. Requires pre-treatment, such as a
dry pond in series before the wet pond.

et

e
&
=|
)
—
&
=
=|
e
&
@
e
=]
@@
&
&
=)
ey




Example 2: Single Basin Wel/Train, Results

Dry Pond Pretreatment

Required Dezign Efficiency of Dy Pond [%] 92 B30E3

Fequired Retention Depth of Dy Pond [inches) 1.379837 <«—— 1.38in x 90 acre
= 10.35 ac-ft

Wet Pond Properties

Annual Runoff Reaching et Pond [ac-ft) 82913

Required Permanent ool Yolume [ac-f] 4 5473178

“early Phozphorousz Load [kgdur) 3.3442384
Wiet Pond Pharphorouz Remaoval Efficiency (%) Rd .5

2000 BNEE Gonierenee

Annual Mazz of Unremoved Phozphorous [kagder) 11187221

tean Phosphaorous Concentration in Pond [pgdl) | 74.99297

E ztimated Chlorophyll-a Concentration [mag.me] 37.8he5
E stimated Sechi Disk Depth [ft) 2 B706R1 2

E stimated Anaxic Depth [ft]




Example 2: Single Basin Wet/Train, Results

The wet pond is capable of removing 42.8 % of the nitrogen and
64.5% (capped for SIRWMD) of the phosphorous. Since this is less
than the total efficiency required, pretreatment must be provided.

The pre-treatment must be capable of removing 85.4% of the
nitrogen, and 92.9% of the phosphorous from the stormwater before it
enters the wet pond.

If the pretreatment is provided by a dry pond (the usual case) then the
dry pond must be sized to retain and infiltrate 1.38 inches multiplied
by the contributing runoff basin area (90 acres).

The wet pond must provide at least 4.54 ac-ft of volume at a depth of
7.2 ftor less.
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Example 3: Single Basin Stormwater Reuse Pond

Given the same conditions as in Example 1, what is the required
configuration for a stormwater reuse pond.

Reuse

—_— DiScharge
Pond J

RUNOff ey (Dry PON0) ey
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Example 3: Basin Parameters

Predevelopment

Basin Area = 100 acres

Land Use = Undeveloped / Rangeland / Forest *
Non-DCIA Curve Number = 65

DCIA = 0%

Postdevelopment
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Basin Area = 90 acres

Land Use = Single Family
Non-DCIA Curve Number = 65
DCIA = 35%

Irrigated Area = 30 acres




Example 3: Stormwater Reuse Pond, Step

A1 PONDS N/P Calc - Example.npc
File ©Cptions Help

D|(E| &| s

Example.npc
Crry Pond
et Pond (" Dy Pond

O Wwiet Pond / Treatment Train
[« Starmwater Heuse Pond \/

Add data page [ Analyze For Phosphorus Only

Analysiz Type

2000 BHEE Gonicrenee

Climate

£

Climate £one 2 - Central Floida ¥

tean Annual Rainfall inches] (50 Wiew bap




Example 3: Stormwater Reuse Pond, Step 2

Predevelopment Bazins [ Show Details
v’ Murmber OFf Runoff Basins |1 i{

frea DClA,
[acres) CH [%) Land Usze

1 |100 65 [i | Undeveloped / Rangeland / Forest

‘/ Mon-Runaff Producing &reas [acres)

Total Predevelopment &rea [acres)

Postdevelopment Basing | Show Details
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v Number Of Runcff Basins |1 il

fires DIClA
[acres) CH (%) Land Usze

VA RET 65 ES | Single-Family

\/ Mon-Runoft Producing Areas [acres) [Includes pond area. ]

T otal Poztdevelopment drea [acres)




Example 3: Stormwater Reuse Pond, Step 3

Stormwater Heusze

Click here.
Solve Using REY T/

Reuse Rate [gpd)

Efficiency [%]

Storrwater Beuze Yolume [ac-ft)

Treatment Train Summary Results
Heq. Tatal  Awval Wet  Pre-treatment

Mitrogen Removal Efficiency [%] 91 BE3E6S
Fhosphorouz Removal Efficiency [%] (9747617
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Example 3: Stormwater Reuse Pond, Step 4

REY - PONDS 3.2 Stormwater Reuse Module {beta)

Return  Project  Data  Help

Fraoject Data Click to return =———p> Save and Exit Dizcard and Exit |
LClirnate Station |I:|r|an|:||:| j P a

Solve Far | Interactive j

Drlando Rainfall Station

Contributing B azin &rea [acresz]
30 €¢—— From main program
Runoff Coefficient

0311 @=—— From main program

E quivalent Impervious &rea, ELA [acres)
|27.99

E, Percentage of Runoff Reused

=
[

=
X}

Drag cursor

=
[
o]

[rrigation .é.rea [acres]

EIRv4

Lize Hate [in
1.205147

Efficiency [%]

19493386

Storage Wolume [ac-ft]
5.80154 /

R |01845272

[ |
E |594.93365
[ |

Y |B.774678

=
[

[}
—_
o0

[}
—_
(=]
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R, Feuse Rate (infday on egquiv. impervious area)

%, Reuse Yolume (inches on equivalent impervious area)

Prezs for Help




Example 3: Stormwater Reuse Pond, Step S

Stormwater Heuse

Solve Uzing REY ‘

Reusze Rate [gpd) 140249.6

Efficiency [%)] H34 33586 — From R-E-V module
Stormwater Beuse Volume [ac-ft] (15.80794

Treatment Train Summary Hesults
Heq. Total  Awal ‘wWet  Pre-treatment

Mitrogen Removal Efficiency [%)] 91 .6ESEES H4. 93386 |EI
FPhogphorous Removal Efficiency [%] 19747617 9493386  (50.18242

Requires pretreatment

2000 BNEC Gonicrenee

Dry Pond Pretreatment

RHequired Design Efficiency of Dy Pond [%] Al 18242

Required R etention Depth of Dy Pond [inches) 02417265

Required Dry Pond Volume = 0.24 in x 90 acres = 1.81 ac-ft




