NUTRIENT
CALCULATIONS




SECTION 8

PERFORMANCE CRITERIA
Two-pronged approach.
Evaluation of the greater nutrient load reduction criteria.
Percent reduction.

Percent reduction would be used for most sites that are non-natural land.

Percent reduction will usually result in a nutrient loading much less than the average lo
the site at the time of the application.

OR
Post < pre.

Post < pre would not result in the greater load reduction in most cases relating to Iand th'"’l
been previously developed.

Post < pre is most often used when the predevelopment condition is that of natukal

The two-prong system is based choosing the prong that causes the greaterload r
cannot choose post < pre on a site that is already developed if a percent reducti
protective.



SECTION 8
PERFORMANCE CRITERIA

Two-pronged approach when
percent reduction would be used.

Predevelopment condition:
residential nutrient loading =

25 total phosphorus (TP).

Post development condition:
highway nutrient loading = 20 TP.

Percent reduction.

- Final nutrient loading would be required
to use the 80% reduction =4 TP.

Two-pronged approach when g
< pre would be used.

Predevelopment condition:
natural land, nutrient loading =

3TP.

Post development condition:
highway nutrient loading = 20 TP.

Percent reduction.

 Final nutrient loading would be
use the pre < post criteria <



TREATMENT STANDARDS
SUMMARY OF SECTION 8.3, APPLICANT’S HANDBOOK Vd

Project Scenario TP TN Additional Criteria
All sites 80 55 Or post < pre
OFW 90 80 Or post < pre

Impaired water
Impaired + OFW
Redevelopment 80 45 N/A
Redevelopment + OFW 90 60 N/A

And post < pre plus net improvement

And post < pre plus net improvement

And net improvement for the pollutant

Redevelopment + impaired 80 45
of concern

TP = Total Phosphorus TN = Total nitrogen
OFW = QOutstanding Florida Waters



EXAMPLE PROBLEM
IMPAIRED SITES: POST < PRE FOR TN

Method:

- Calculate post-development TN load.
- Calculate pre-development TN load.
- Calculate required treatment efficiency to meet post=pre.

Load = area x annual rainfall x (annual runoff “ROC”) x (EMC
NEED TO FIND THIS ANDT

*EMC = event mean concentration (mg/L).



EXAMPLE PROBLEM
PROJECT INFO
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DETERMINING RUNOFF COEFFICIENT
C AND CN

» Runoff coefficient for small watersheds (C) (C factor x total rainfall = runoff).
o C values from various published papers.

o This method is prone to errors but can be used for quick analyses.

» Natural Resources Conservation Services (NRCS) runoff curve number (CN) meth.
NRCS Technical Release 55).

o Developed by Victor Mockus; based on soil type and empirical data.
o Curve number method predicts total runoff.
o Curve number or CN is used for flood routing and is inherently different then the Runoff C or ROC.

o Curve number represents soil and surface storage, strictly a function of the following.

- Soil type and associated hydrologic soil group (HSG) from soil survey data, ranging from “A” to “D” reflectl”l.
infiltration rates (highest to lowest).

= Cover crop and land use/treatment.
= Hydrologic condition (poor, fair and good).
= Antecedent moisture conditions (AMC) I, Il and L.



DETERMINING RUNOFF COEFFICIENT

ROC VALUE

» New rule uses Harper’s mean annual runoff
coefficient (ROC) (Harper, 2007).

o Incorporates both CN and directly connected
impervious area (DCIA) to generate a more
accurate runoff coefficient.

o Used primarily for determining annual volumes
for water quality calculations.

o Tables available in Appendix N.

» These are separated by meteorological zone.
o There are five meteorological zones in Florida.

- Based on the intensity and frequency of
rainfall events in different locations.

o This map is available in Appendix M.

Rainfall Criteria

Rainfall Zones

[1Zone 1
[ |Zone2
I Zone 3
_ |Zone 4
[ IZone s




DETERMINING RUNOFF VOLUME
RAINFALL

» To determine the total
annual runoff volume,
multiply the runoff
coefficient with the total
annual rainfall.

» Rainfall data from National
Centers for Environmental
Information.

» Isopleth map available in
Appendix M.




EVENT MEAN CONCENTRATION

To find the annual pollutant loading,
multiply the runoff volume with the
concentration of the pollutant.

Concentration is determined by the EMC
and is based on the land use type.

Table 9.2 in Applicant’s Handbook Volume
| includes the most up-to-date accepted
EMC values.

Other EMCs can be used if properly
derived from regional studies.

Must demonstrate alternatives are
appropriate.

Land Use Category Total N (mg/1) Total P (mg/1)
Low Density Residential 1.65 0.270
Single Fanuly 1.77 0.327
Multi-Famuly 1.84 0.520
Low Intensity Commercial 0.93 0.19
High Intensity Commercial 2.40 0.345
Light Industrial 1.20 0.260
Highway 1.25 0.173
Dry Prairie 2.025 0.184
Marl Praine 0.684 0.012
Mesic Flatwoods 1.087 0.043
Ruderal/Upland Pine 1.694 0.162
Scrubby Flatwoods 1.155 0.027
Upland Hardwood 1.042 0.346
Upland Mixed Forest 0.606 1.166
Wet Flatwoods 1.213 0.21
Wet Prairie 1.095 0.015
Xeric Scrub 1.596 0.156
Rangeland/parkland 1.150 0.055
General Agricultural 229 0.381
Pasture 3.03 0.593
Citrus 2.11 0.180
Row Crops 2.50 0.577




EXAMPLE PROCESS
PROJECT SITE CHARACTERISTICS & HYDROLOGY'
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Image Source: FDEP ERP Stormwater Resource Center




TREATMENT
STANDARDS EXAMPLE

» In a Hydrologic Unit Code (HUC) 12 with an
impaired water.

» Shingle Creek, (030901010302),
Impaired Parameter: Nutrients.

» 8.3.4 - Minimum Performance Standards
for Impaired Waters.

» Rule requires greater of the following two
options:

» 80% TP removal and 80% TN removal.
AND

» Post-development load < pre-
development load for TN and TP.
AND

» Post-development impaired parameter 4
< pre-development impaired
parameter. ‘i

. of Florida, Maxar | Florida Depaent of Environmental Protection (Df




CALCULATE PRE-DEVELOPMENT

» 6.89-acre parcel.

» Predeveloped condition = Low Intensity Commercial
» Assumed 65% DCIA.

» Assumed Soils CN of 80.

» Location is Kissimmee.
o Meteorological Zone 2.
- Annual rainfall is 52 inches.

- Source: Appendix M, Applicant’s Handbook |I.




MEAN ANNUAL ROC VALUE
PRE-DEVELOPMENT

ZONE 2

Mean Annusl RunadT Coefficients (ROC Value) as a Funciion
of DCIA Percentage and Non-DCLA Carve Number

B
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Source: Appendix N, Applicant's Handbook |.

Percent DCIA=65% Non-DCIA CN =80

Annual runoff C value = [l{:E



EXAMPLE PROBLEM: SELECT EMC

Table 9.2 Standardized Statewide Stormwater Nutrient EMC Values

Land Use Category

Total N (mg/1)

Total P (mg/1)

Low Density Residential 1.65

0.270

Single Family

1.77

0.327

Multi-Family

0.520

Low Intensity Commergial @)

0.19

High Intensity Commercial 2.40

0.345

Light Industrial

1.20

0.260

Highway

1.25

0.173

Dry Prairie

2.025

LT - F=

Source: Table 9.2, Applicant’s Handbook I.

Units for EMCs: (mg/L)

S(e 0 0.93 mglL




CALCULATE PRE-DEVELOPMENT

Pre-development TN load = 6.89 acres x annual runoff C x 52 x E

Load (kg/yr) = 6.89 acres x 0.565 x 52 inches/year x 0.93 mg/L x 1.2

ROC EMC \

Pre-development TN load = 231.6 kg per year.



CALCULATE POST DEVELOPMENT LOAD

» 6.89-acre parcel.

» Predeveloped condition = Low Intensity Commercial
» Designed 70% DCIA.

» Assumed Soils CN of 80.

» Location is Kissimmee.
- Meteorological Zone 2.
- Annual rainfall is 52 inches.

- Source: Appendix M, Applicant’s Handbook I.




MEAN ANNUAL RUNOFF C

ZONE 2

Mean Annusl RunadT Coefficients (ROC Value) as a Funciion
of DCIA Percentage and Non-DCLA Carve Number

a0 a5 40 45 50 55 L]
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Source: Appendix N, Applicant’s Handbook I.

Percent DCIA=70% Non-DCIA CN =80
Annual runoff C value = {1,



EXAMPLE PROBLEM: SELECT EMC

Table 9.2 Standardized Statewide Stormwater Nutrient EMC Values

Land Use Category Total N (mg/1) Total P (mg/1)
Low Density Residential 1.65 0.270

Single Family 1.77 0.327
Multi-Family 1.84 0.520

Low Intensity Commercial 0.19

High Intensity Commercial 240 ) 0.345

Light Industrial . 0.260
Highway 1.25 0.173

Dry Prairie 2.025

L

Source: Table 9.2, Applicant’s Handbook I.

Units for EMCs: (mg/L)

Sles ey 12,40 mg/l




CALCULATE POST-DEVELOPMENT LOAD

Post-development TN load = 6.89 acres x annual runoff C x 52 x EI

Load (kg/yr) = 6.89 acres x 0.600 x 52 inches/year x 2.40 mg/L X 1 2 _

Runoff C EMC

Post-development TN load = 634.6 kg per year.



EXAMPLE
REQUIRED TN TREATMENT EFFICIENCY

» Pre-development TN loading = 231.6 kg/yr.
» Establish target removal efficiency if post TN = 705.4 kg/yf.__

[ Predevelopment Loading |[kg/yr] 100
Postdevelopment Loading (kg /yr]|

Target TN removal efficiency = (1- (231.6/634.6)) x 100 =.63.5%.



CONTROLLING OPTION PER RULE

» TN standard for “Impaired Waters” is 80%, post < pre, and |
pollutant < pre pollutant. o

» In this case, post < pre yields 63.5% removal efficiency for T
TN governs.

» Shingle Creek Impaired parameter = Nutrients. TN & TP post |
acceptable. s



EXAMPLE
MEETING 69% REMOVAL WITH DRY RETENTION

Mean Annual Mass Removal Efficiencies for 1.50-inches of Retention for Zone 1
[NonDCIACN] 5 [ 10 ] 15 | 20 | 25 | 30 | a5 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100
30 96.8[97.8/98.0]97.5]96.5]95.3]|940]925]909]893|87.7]|86.0]|843]827]810[79.3|77.7|76.1]746]73.1
35 955[96.9[97.1]96.7]958]94.7]|935]92.1|906]89.0]|87.4]858]84.1]825]|809[793[77.7|76.1]74.6]73.1
40 93.9|95.6]96.0]95.7|95.0]94.0]928]915]90.1]886[87.1|855|83.9]|823]80.7|79.2|77.6|76.1]74.6]73.1
45 92.1[942[947]945]939]93.1]920|908]895]88.1]|866]85.1|836]82.1]806[79.0[775[76.0]74.5]73.1
50 90.3]92.5]93.1]193.1]927]92.0]91.1]90.0]88.8]|87.5[86.1|84.7]|833|81.8]|803|789]|77.4|75.9]74.5]73.1
55 882[905[913]914]912]907]899|890]879]868|855|842]828|815]801[786[77.2[758]744]73.1
60 859|88.3|89.3|89.6]896]|89.2]886]|87.8]86.9]859|84.7|83.5]|823|81.0[79.7[784]|77.0]75.7]74.4]73.1
65 835|86.0|87.2|87.7|877|875]|870]|864]857]|848]|838|828]|81.7|805]|793[78.1]768]756]74.3]73.1
70 814837]|850[]855|857|856]853]|84.8]84.2]83.5]|82.7|81.8]|809|79.9|788|77.7|76.5]754]74.2]73.1
75 79.4|814|825]83.2|835]83.5|83.3]83.0|826]82.1|81.4]|80.7|79.9|79.1]|78.1|77.2|76.2]| 75.2] 74.1]73.1
80 774|79.1]80.1]808]81.1]81.2]81.2]81.0]80.8]804[79.9|79.4]|78.8]78.1])7.3|76.5]|757|74.9]74.0]73.1
85 757|769|77.7]|783]|786]78.8| 789|789 78.7|785[78.2|77.8]|77.4| /69| 763|758]75.1|745]73.8]73.1
20 742|749]|754]759]76.2|76.4]765]|765]765]76.4]763|76.1|758|755]|752[74.8]74.4]|74.0]736]73.1
95 731|733|736]738|739]|74.0]74.1|742]742]|742]|742|742]|741|740]739[738]|736]73.5]73.3]73.1
98 731]73.1|732]73.2]733]73.3]73.3]|73.3]73.3]733]|73.3[73.3]|733

Source: Appendix O, Applicant’s Handbook I.

Dry retention not limited to “ponds” or single basins.



DETENTION
METHODS FOR ENHANCING REMOVAL EFFICIENCIES

437501,
(4.38+1,)

Percent Removal =

Percent Removal = 40.13+6.372en(r,) +0.213 ¢ (In(7,))’
RZ=0.897

Removal Efficiency (%)
Removal Efficiency (%)

200 300

200 300 400

Detention Time, t; (days) Detention Time, t. (days)
N

Total Phosphorus Total Nitrogen



WET POND ENHANCEMENT
WAYS TO INCREASE EFFICIENCY

» Several best management practices (BMPs) can be used in conjunctlon
ponds to increase treatment efficiencies. \

o Littoral zones (10% TN and TP for minimum coverage per Volume lIs).
o Floating treatment wetlands (FTWs) provide 12% TN and TP for 5% coveragé

o Stormwater harvesting based on annual volume removed (credit based on S|te spec
water balance). |

» Focus on TN as limiting factor for most wet detention systems.

» Some specific BMPs act independently on the permanent pool and not in se

These wet pond enhancements do not require any changes

to final grading or pond geometry.



LITTORAL ZONES AND FTWS




STORMWATER
REMOVAL EFFICIENCY

» Reduces annual discharge to surface waters and increases groundwét

» Efficiency (mass removal of water) is based on annual site runoff, storag
area and allowable irrigation rate.

» University of Central Florida performed a series of mass balance calculatlon
in plotted-curve solutions (R-E-V curves) relating to the following: |

o Irrigation rate (R).
o Efficiency (percentage of runoff pumped for other uses) (E).
o Harvestable volume (V).

R-E-V curves allow use for any site since data based on percentages

Section 5.5, Northwest Florida Water Management District (NWFWMD)

Applicant’'s Handbook Volume II, Design Aids, for detailed design methodology.



STORMWATER

Percent Removal vs Irrigation Area Percent Removal vs Irrigation Area

Irrigation Rate = 2" per week

Irrigation Rate = 2" per week
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GREEN
OVERVIEW

» Green stormwater infrastructure (GSI) = BMPs such as tree wells, rainga
swales, green roofs, etc.

» As retention.
o Nearly always calculated as a retention system.
o Must be able to recover their volume within 72 hours.

o Bofrrlngs should not be required for every location of a GSI; a representative sample |
sufficient. .

o These systems can add to the total volume of retention available on site prowdmg mor
capacity and efficiency. \ 4

» To lower DCIA.
- Treating GSI as a way to disconnect your impervious area, your DCIA will lowe

o When calculating the volume of runoff generated and the efficiency of your fi
pond, the lower DCIA could create greater treatment efficiencies.



STRUCTURAL

vV v v v v v Y

INNOVATIVE RETENTION SYSTEMS

Primarily for small catchments (micro-scale).

Landscape-oriented retention basins and
swales.

Rain gardens.

Curb cuts.
Biofiltration systems.
Rain barrels.

Tree canopies.
Pervious walkways.

Pervious pavement.

Cumulative storage may be credited to
overall retention volume.
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ENGINEERED SOIL

FILTERED WATER DISCHARGE



e o o o o o o o

> o o o & o o

H
Lttt

MICROSCALE
TREE BOXES, RAINGARDENS, CURB CUTS, PERVIOU

» Microscale depressions in the landscape provide retention volume

» Can be used without trees and/or provide “open bottom” inlets; act 2
retention basins.

» Cumulative volume may be significant (100 to 200 cubic feet per bpx,

\
\
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'NOMINVASIE, DROUGHT TOLERANT PLANTS
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BMP IN SERIES OR USED FOR NET IMPROVEMENR
AND OTHER SPECIFIC REDUCTION TARGETS

» Whenever one BMP does not provide sufficient treatment for a specific di
BMPs can be routed from one to another forming a “train”.

» BMPs within a “train” should function independently, each treatment system
discharging to the BMP downstream and not adversely affecting the downst

s e

Dry retention pond Wet detention pond



BMPS
BMP TREATMENT TRAIN

» Itis expected that multiple BMPs will be needed on a site in order to reach the p
reductions required.

» Treatment train = BMPs implemented in combination or in conjunction with one an
series.

» Where BMPs are used in series, the calculated overall efficiency of the treatment trai
account for the reduced loading or concentrations that are available for removal by th
subsequent downstream treatment device.

» Overall treatment train efficiency = 1-[(1 — Eff1) x(1-Eff2)x(1-Eff3)x ... ><(1-Effn)].:‘\

o Eff1 = efficiency (as a decimal) of initial treatment system.
o Eff2 = efficiency (as a decimal) of second treatment system.
o Eff3 = efficiency (as a decimal) of third treatment system.

o Effn = efficiency (as a decimal) of the nth treatment system.



TREATMENT
ONLY USEFUL FOR CALCULATED BMP EFFICIENCIE

» Assume a dry retention system as pretreatment, that dischar
wet detention pond; TP is pollutant of concern.

» Assume dry pond efficiency at 60%; wet pond efficiency at 45%.

o Overall efficiency =1 - [(1 — Eff1) x (1 — Eff)].
o Overall efficiency =1 - [(1 - 0.6) x (1 — 0.45)].

o Overall efficiency = 78%.



MEETING NUTRIENT REMOVAL TARGETS
WET DETENTION EXAMPLES

» The following examples include meeting minimum nutrient targetsf
sites, impaired waters, OFWs and impaired and OFW.

» The example site is a generic development.
- 60% impervious.
> Non-DCIA CN of 60.
- Wet detention primary driver with a complementary suite of practices. _
- Uses current rule for permanent pool detention time (14 days/21 da '

o Irrigable area 25% of site; maximum irrigation rate = 2.0 inches



EXAMPLE FOR “ALL SITES”

Rule Target for "All Sites"

TN=55 TP=80

Wet Pond
Wet Detention Removal | Littoral Stormwater Total
Detention = 14 days | Efficiency| Zone | FTWs | Harvesting | Reduction
Percent TN Removal 0.33 0 0 0 0.33
Percent TP Removal 0.58 0 0 0 0.58




EXAMPLE FOR “ALL SITES” (2)

Rule Target for "All Sites"
TN=55 TP=80

Wet Pond
Wet Detention Removal | Littoral Stormwater Total
Detention = 14 days [ Efficiency | Zone Harvesting | Reduction
Percent TN Removal 0.33 0.1 0 0.40
Percent TP Removal 0.58 0.1 0 0.62

Overall treatment efficiency =
E1 + (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.




EXAMPLE FOR “ALL SITES” (3)

Rule Target for "All Sites"

TN=55 TP=80

Wet Detention
Detention = 14 days

Wet Pond
Removal
Efficiency

Littoral
Zone

Stormwater
Harvesting

Total
Reduction

Percent TN Removal

0.33

0.1

0

0.47

Percent TP Removal

0.58

0.1

0

Overall treatment efficiency =
E1 + (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.

0.67




EXAMPLE

Rule Target for "All Sites"

TN=55 TP=80

Wet Detention

Wet Pond
Removal

Detention = 14 days | Efficiency

Littoral
Zone

0.75" per week
Stormwater
Harvesting

Total
Reduction

Percent TN Removal 0.33

0.1

0.15

0.62

Percent TP Removal 0.58

0.1

0.15

Overall treatment efficiency =
E1 + (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.

0.82




EXAMPLE FOR IMPAIRED WATERS

TN=80 TP=80

MINIMUM CRITERIA

Rule Target for Impaired Waters

Overall treatment efficiency =

E1+ (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.

Wet Pond 2" per week
Wet Detention Removal | Littoral Stormwater Total
Detention = 14 days | Efficiency | Zone FTWs | Harvesting |Reduction
Percent TN Removal 0.33 0.1 0 0.4 0.80
Percent TP Removal 0.58 0.1 0.4 0.95+



EXAMPLE

Rule Target for OFWs
TN=80 TP=90

Wet Detention
Detention = 21 days

Wet Pond
Removal
Efficiency

Littoral
Zone

1.7" per week
Stormwater

Harvesting

Total
Reduction

Percent TN Removal

0.36

0.1

0.32

0.81

Percent TP Removal

0.62

Overall treatment efficiency =

0.1

0.32

E1+ (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.

0.95+




EXAMPLE

TN=95 TP=95

MINIMUM CRITERIA

Rule Target for Impaired & OFW

Overall treatment efficiency =

E1+ (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.

Wet Pond 2" per week
Wet Detention Removal | Littoral Stormwater Total
Detention = 21 days | Efficiency | Zone FTWs | Harvesting |Reduction
Percent TN Removal 0.36 0.1 0.12 0.4 0.89
Percent TP Removal 0.62 0.1 0.4 0.95+



EXAMPLE IMPAIRED AND OFWS (2)
MINIMUM CRITERIA

Rule Target for Impaired & OFW
TN=95 TP=95

Wet Pond 2" per week
Wet Detention Removal | Littoral Stormwater Total
Detention = 60 days | Efficiency | Zone FTWs | Harvesting [Reduction
Percent TN Removal 0.41 0.1 0.12 0.4 0.93
Percent TP Removal 0.7 0.1 0.4 0.95+

Overall treatment efficiency =

E1+ (1-((1-E1)*(1-E2)*(1-E3))) + harvesting value.



NOTES ON PREVIOUS CALCULATIONS

» Note that the bulk of removals result from pond detention tlme
mass removals by harvesting. -

» Littoral zone and FTW removals act as final polishing.
» Harvesting rate is somewhat adjustable to meet need.

» Did not account for potential retention opportunities for LID- type
microscale storage or pervious pavement/pavers.

» These practices do not require any change to the overall
footprint.



