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WHEN AND WHY HIGHER LEVELS OF 

STORMWATER TREATMENT ARE REQUIRED

AND HOW TO ACHIEVE THEM



STATEWIDE STORMWATER TREATMENT 

PROGRAMS

STATE YEAR STATE YEAR

Florida 1979, 1982 Rhode Island 2002

Maryland 1984 Wisconsin 2002

Virginia 1990 New Jersey 2003

Delaware 1991 Pennsylvania 2007

South Carolina 1992 Michigan 2007

Massachusetts 1998 Minnesota 2007

We were #1



FLORIDA’S  STORMWATER  RULES

1979 Chapter 17- 4.248, F.A.C.

1982 Chapter 17- 25, F.A.C.

1994 Chapter 62- 25, F.A.C.

Water management district ERP rules

TECHNOLOGY BASED

• Performance Standard 

• BMP Design Criteria

• Presumption of compliance



PERFORMANCE STANDARD FOR NEW 

STORMWATER DISCHARGES (62-40, F.A.C.)

Stormwater quality – Original Rule

• 80% average annual load reduction

• 95% average annual load reduction

“Of Total Suspended Solids”
Stormwater quality – 1990 

• 80% average annual load reduction

• 95% average annual load reduction

“Of pollutants that cause or contribute”
BUT RULES WERE NEVER UPDATED



BMP DESIGN CRITERIA 

ARE DYNAMIC!

•1979 17 - 4.248, FAC  implemented

•1982 17- 25, FAC implemented

•1984 Modify BMP Design Criteria

•1985 Wetland BMP Design Criteria

Florida’s BMP design criteria are very outdated and other 

state programs have passed us by!



DESIGN CRITERIA

PRESUMPTION 

REBUTTED!



UNIFIED STORMWATER RULE CONCEPTS

• Increase nutrient load removal
• Clear language on impaired waters requirements
• BMP treatment train load reduction credits
• Credits for nonstructural and LID BMPs
Preserving vegetation, minimize clearing
Green roof/cistern systems
Pervious concrete
Florida Friendly Landscaping
Disconnect impervious areas

• Redevelopment section
• Compensating treatment (WQ Banking)
• Retrofit section



WHEN ARE HIGHER LEVELS OF 

STORMWATER TREATMENT REQUIRED?

Discharges to OFWs 

• Must meet “antidegradation” standard

• Presumptive = 95% load reduction

Discharges to Impaired Waters

• Must meet “net improvement” standard

• Must demonstrate load reduction achieved



HOW DETERMINE IF WATER BODY IS AN OFW, 

IS IMPAIRED, OR HAS AN ADOPTED TMDL?

• Use DEP’s Map Direct to determine if water body or WBID 
is an OFW or it’s impairment and TMDL status

• http://ca.dep.state.fl.us/mapdirect/gateway.jsp

• Use DEP’s TMDL Tracker system to determine if TMDL is 
adopted, or check 62-304, F.A.C.

• http://webapps.dep.state.fl.us/DearTmdl/welcomehz.do

• Use EPA’s Ask Waters system

• http://iaspub.epa.gov/apex/waters/f?p=ASKWATERS: 
MAIN_MENU:0:::::



DEP MAP DIRECT SYSTEM



MAP DIRECT FIND ADDRESS



MAP DIRECT WBID INFORMATION



EPA  ASK  WATERS WEB SITE

http://iaspub.epa.gov/apex/waters/f?p=ASKWATERS: MAIN_MENU:0:::::

Use the Expert 

Query Tool



DEP TMDL TRACKER WEB SITE

http://www.dep.state.fl.us/water/watersheds/assessment

/tmdl-tracker.htm

Also can check

Chapter 62-304, FAC



WHY ARE HIGHER LEVELS OF STORMWATER 

TREATMENT REQUIRED?

Section 402(p) of Federal Clean Water Act

• Establishes NPDES stormwater permits

• Construction permit requires treatment to meet 
WQS

• MS4 permit requires local governments to reduce 
pollutant loadings

• MS4 permit requires reducing pollutant loads to 
achieve TMDLs

• MS4 permit requires load tracking/reporting



WHY ARE HIGHER LEVELS OF STORMWATER 

TREATMENT REQUIRED?

SECTION 373.414(1)(b)3., Florida Statutes

3. If the applicant is unable to meet water quality 

standards because existing ambient water quality does not 

meet standards, the governing board or the department 

shall consider mitigation measures proposed by or 

acceptable to the applicant that cause net improvement of 

the water quality in the receiving body of water for those 

parameters which do not meet standards.



WHAT IS “NET IMPROVEMENT”?

Verified impaired water body

• DEP/WMDs require one pound less loading of the 

pollutant(s) causing impairment after development 

• Recommend at least 10% reduction in post-

development loading to meet statutory intent.

Impaired water body with adopted TMDL

• POST-DEVELOPMENT LOAD < PRE-DEVELOPMENT 

LOAD – WLA % REDUCTION



VERY HIGH LEVEL OF TREATMENT

• Typical wet ponds get 35% TN, 55% TP removal

• Net Improvement can require as much as 90% removal   
to meet TMDL (26% WLA)

• Need to use combination of structural and 
nonstructural pollution prevention BMPs including 
Low Impact Development BMPs

BEST MANAGEMENT

PRACTICES



POLLUTANT LOAD = (CONCENTRATION) * (VOLUME)

Stormwater volume factors:

• Rainfall variables include when, 

where, how long, how intense, 

time between storms

• Natural stormwater variables 

include soils, geology, SHWT, 

topography, vegetation

• Human stormwater variables 

include land use, site design, 

soil compaction, percent 

imperviousness, % DCIA



STORMWATER EVENT MEAN CONCENTRATIONS

Florida EMC data

base – June 2013 

AWT wastewater

TN = 3mg/l

TP = 1 mg/l 



HOW DO WE REDUCE 

STORMWATER LOADING?

• Reduce stormwater pollutant concentrations

• Reduce stormwater volume

• Better site design – integrate stormwater into site

• Minimize imperviousness, especially DCIA

• Reduce pollutants using source controls

• Public education

• Structural stormwater BMPs



WHAT IS LOW IMPACT DEVELOPMENT?

• Comprehensive watershed approach

• Hydrology is integrating framework

• Maintain predevelopment volume and hydrology

• Combine nonstructural pollution prevention BMPs with   
structural BMPs

• Control stormwater at the source 

• Create multifunctional landscape and infrastructure

Pollution and Hydrologic Prevention



WHAT LOW IMPACT DEVELOPMENT IS NOT

LID  is NOT a silver bullet solution to all stormwater

problems

• Additional nonstructural and structural tools in the 

BMP tool box

• Infiltration BMPs don’t work throughout Florida

LID is NOT a new idea

• “Designing with Nature” 1969 book 

by Ian McHarg

• FL SW program always has promoted

retention BMPs



WHY LID?  

ADDED BMPS IN YOUR TOOL BOX

• Promote development and redevelopment through 

greater flexibility

• Build local economy and promote “urban regeneration”

• Get higher levels of stormwater treatment

• Keep loads out of MS4

• Protect local taxpayers and water bodies

City of Palmetto

Urban regeneration project



LOW IMPACT DEVELOPMENT PRINCIPLES TO 

REDUCE STORMWATER VOLUME/LOADS

• Consider stormwater as a resource

• Protect/avoid sensitive areas

• Minimize disturbed areas / soil compaction

• Minimize loss of vegetation and trees

• Plant more trees – intercept rainfall

• Maximize infiltration/stormwater harvesting

• Minimize imperviousness, especially DCIA

• Integrate stormwater BMPs into landscaping

• Cluster development

• Use innovative planning tools (TDR)



SOURCE CONTROLS FOR 

POLLUTION PREVENTION

• Minimize clearing, removal of trees, vegetation

• Include urban reforestation

• Minimize imperviousness, esp. DCIA

• Minimize soil compaction

• Narrow streets, pervious parking, recessed tree islands

• Greenroof/cistern systems for large roofs

• Roof runoff to cisterns, pervious areas

• Minimize pollutants

• Florida-friendly landscaping design

• Florida-friendly fertilizers

• Proper use of reclaimed water

• Pet waste pick up and disposal



LAND CLEARING, VEGETATION REMOVAL AND 

SOIL COMPACTION

80% compaction on first 

pass of equipment



SOIL COMPACTION AND INFILTRATION RATES

SOIL TYPE INFILTRATION RATE (in/hr)

Pitt et. al.             Gregory

Sandy soils 13.0 14.8 – 25

Compacted sandy soils 1.4 0.3 - 6.9

Clay soils 9.8 NA

Compacted  or wet clay soils 0.2 NA

Source:  Pitt, Chen, and Clark, 2001; Gregory et. Al, 2006



PLANTING TREES IN URBAN AREAS 

INTERCEPTS AND EVAPORATES RAIN 

AND REDUCES STORMWATER VOLUME 

AND LOADS

Up to 15% reduction in stormwater

volume

THE STORMWATER BENEFITS 

OF TREES



TREES ARE STORMWATER BMPS!

American Forests  (www.americanforests.org)



I-TREE TOOLS

HTTP://WWW.ITRE
ETOOLS.ORG/



USING LOW IMPACT DEVELOPMENT

TO REDUCE IMPERVIOUSNESS

• Tailor and decrease road width

• Minimize road length

• Use pervious pavements for parking

• Reduce required parking spaces 

• Reduce parking space size

• Use one way angled parking

• Minimize paved driveways/size

• Side walks on one side only



THE INFLUENCE OF DCIA

ON STORMWATER VOLUME

Agriculture land use (pasture)  - No DCIA, CN for D soils = 89                    C = .249

SF residential land use      

¼ acre lots - DCIA = 40%, CN for lawns, D soils = 84   C =.431



REDUCING PARKING LOT

IMPERVIOUSNESS AND DCIA



RECESSED ROAD MEDIANS AS BMPs



DISCONNECTING DIRECTLY CONNECTED 

IMPERVIOUS AREAS (DCIA)



LID BMP = POROUS PAVEMENTS

• Pervious Concrete

• Flexi-paveTM

• Permeable Concrete 

Pavements

• Pervious Asphalt

• Others



PERVIOUS PAVEMENT

Good design is important, but --- You have to locate it 

properly, build it right and you have to maintain it.

In-situ Infiltrometer monitor



PERMEABLE PAVEMENT DESIGN REQUIREMENTS

• Is the site appropriate?

• SHWT at least 2’ below bottom

• Treatment volume using retention curves

• Design per specs/perc rate – min 2”/hr

• Compaction – max 92-95% to min of 24 inches

• Master certified contractor

• Quarterly to annual vacuum sweeping

• ERIK testing and recertification

• Signage to keep muddy vehicles off



EMBEDDED RING INFILTROMETER KIT (ERIK)

A single ring ERIK 

infiltrometer is acceptable 

provided that is embedded 

into the subsoil as shown in 

Figure 42.

For more information on this in-situ infiltration 

monitor (ERIK), refer to the UCF  research paper 

entitled “Construction and Maintenance 

Assessment of Pervious Concrete Pavements -

Final Draft”, dated January, 2007, available at: 

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

asp



PLACEMENT, STRIKING, PIZZA CUTTER AND  

7 DAY CURING



WHAT IS A GREEN ROOF?

•Vegetated roof cover

•Active (Intensive): Deep media, 

intended for public access

•Passive (Extensive): Shallow 

media, intended for maintenance 

access only, designed for 

aesthetics



FLORIDA PILOT GREEN ROOFS

South Florida –

2003 – Bonita Bay 

Shadow Wood 

Preserve

Central Florida –

2005 – UCF 

Student Union

North Florida –

2011 –

Escambia 

County One 

Stop Building

August 2003

August 2007



FLORIDA-FRIENDLY 

LANDSCAPING PRINCIPLES

1.  Right plant, right place

2.  Water efficiently, use stormwater

3.  Fertilize properly

4.  Mulch

5.  Attract wildlife

6.  Manage yard pests properly

7.  Recycle clippings and leaves

8.  Reduce runoff

9.  Protect the waterfront

http://www.floridayards.org



USE FLORIDA-FRIENDLY 
FERTILIZERS

DACS Urban Turf Fertilizer Label Rule

• Effective July 1, 2009

• Only specified fertilizers on turf

• No or low phosphorus (< 0.5%)

• Slow release nitrogen encouraged

• Maximum application rates

• 0.25 lbs P/1000 sf per application

• 0.50 lbs P/1000 sf per year

• 0.7 lbs available N/1000 sf

(P2O5) 

Phosphorus

(N) Total 

Nitrogen

15 - 0 - 15
(K2O) 

Potassium



PET WASTE:  A MAJOR SOURCE OF NUTRIENTS 

AND BACTERIA POLLUTANTS

Animal Average fecal 

coliform per gram 

of feces

Fecal coliform load 

per day

Human 13,000,000 1,921,920,000

Dog 23,000,000 7,728,000,000

Cow 230,000 5,358,080,000

Horse 12,600 293,529,600

• Pets deposit up to 0.5 lbs/day of pet waste

• Contributes to bacterial and nutrient pollution



IMPROVING WET DETENTION 

NUTRIENT REMOVAL EFFECTIVENESS

Get 35% TN load reduction and 55% TP load reduction
DETENTION 

TIME TP REMOVAL TN REMOVAL

Eff= 44.53 + 

(6.146*lnTd)+(0.145*(lnTd)2

Eff = 

(43.75*Td)/(4.38+Td)

7 57.04 26.91

14 61.51 33.32

21 64.12 36.20

30 66.42 38.18

50 69.71 40.23

100 74.01 41.91

150 76.78 42.51

200 78.63 42.81

250 80.07 43.00

Can either 

reduce TN/TP 

concentrations 

or reduce 

volume 

discharged        



BEEMATS – FLOATING WETLAND MATS



LID BMP - STORMWATER HARVESTING

WHAT? Using retained or detained stormwater for non-
potable uses, such as irrigation, car washing, toilet 
flushing, wet-land enhancement, etc.
WHY?
1. To lower the cost of water supply.
2. Increase BMP effectiveness and reduce               

stormwater pollution into surface waters.
3. Save and maintain groundwater.
4. Save and enhance vegetation
5. Reduce salt water intrusion.



STORMWATER HARVESTING DESIGN 

CONSIDERATIONS

• Design with REV curves

• Determine EIA = C*A to get storage volume

• Must be pretreated = horizontal well or equiv

• Over 700 horizontal wells in Florida

• Determine irrigation schedule



HOW TO DESIGN EFFECTIVE STORMWATER 

BMP TREATMENT TRAINS AND 

QUANTIFY LOAD REDUCTIONS

• Presumptive design criteria not useful for 

discharges to impaired water bodies

• Must be able to quantify the pre-development 

stormwater loadings

• Must be able to quantify the post-development 

stormwater loadings

• Must be able to quantify and demonstrate “net 

improvement”



BMPTRAINS MODEL

•Model developed in cooperation with DEP, WMDs

•Model is in the public domain

•Model incorporates the latest information relative to 

designing stormwater treatment systems in Florida:

• Florida annual rainfall by zones

• Statewide Event Mean Concentrations

• Statewide stormwater BMP effectiveness data 

• Latest LID BMP effectiveness data

• Stormwater LID BMP design criteria (developed for 

Statewide Stormwater Rule)



Water is the 

lifeblood of

Florida






