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Webinar Logistics:

• The meeting will begin at 1300 CDT.

• To access the audio select “Call Me” – this is the preferred 
option to reduce feedback.  

• If you are unable to connect via the “Call Me” feature,
• Dial: 1-844-800-2712
• Access: 199 565 7227#

Webinar Series #2: Source Water 
Protection in the Watershed
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• All lines are muted.

• Submit questions or comments in the Chat Box to                                            
“Everyone”.

• The webinar is being recorded and will be shared following the meeting.
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Webinar Series: Comprehensive Strategies to Protect 
Drinking Water from Harmful Algal Blooms
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1st Presentation
Dr. Stephen J. Souza is the Owner of Clean Waters Consulting, LLC.  He is 
also the Founding Partner of Princeton Hydro, LLC. Over the past 35 years he 
has dedicated his career to the management and restoration of aquatic 
ecosystems, in particular lakes, ponds and reservoirs. 

Dr. Souza has served over the past 25 years as an instructor and course 
coordinator for the Rutgers NJAES Office of Continuing Professional 
Education, developing and implementing multiple short courses focused on 
the management and restoration of aquatic ecosystems.  

Dr. Souza is a past president of the North American Lake Management 
Society (NALMS) as well as the Pennsylvania Lake Management Society 
(PALMS).  He serves on the Board of Trustees of the Association of New 
Jersey Environmental Commissions (ANJEC). 
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Watershed Management 
and Source Water 

Protection

Stephen J. Souza, Ph.D.
Clean Waters Consulting, LLC

SJSouza.CWC@gmail.com
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Thanks To…



CWC

• Eutrophication risks to surface water reservoirs.
• How the chemical, hydrologic and trophic state 

properties of surface water reservoirs are directly 
linked to watershed development. 

• How to assess and quantify such impacts.
• How reservoir managers can use such data to protect 

and improve the raw water quality…better raw water 
quality = less in-plant treatment needs and costs

What We’ll Be Covering 
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A Lake is a Reflection of 
Its Watershed
NALMS....2008
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Its An Intimate Connection

Hydrology

Reservoir 
Water 
Quality

Contaminants

Nutrients

Sediment
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Development Driven 
Hydrologic Changes

www.mass.gov
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What’s the Fuss?... 
Its Only a Little Runoff!!
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Stormwater Runoff

• Stormwater runoff is 
typically THE root cause 
of most eutrophication 
problems. 

• Better stormwater 
management = less water 
quality problems      

• Stormwater management 
should be key element of  
source water protection. 
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Rainfall/Stream Flow Relationship

Source: USDA/NRCS – Stream Restoration Handbook
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Effect of 
Watershed 

Development 
On Storm 

Hydrograph
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https://extension.umaine.edu/maineclimatenews/home/adapting-
to-extreme-rainfall/

More rain, runoff and pollutant 
loading with “small” events

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwimzd69iofXAhUl9YMKHRrvBQ0QjRwIBw&url=https://extension.umaine.edu/maineclimatenews/home/adapting-to-extreme-rainfall/&psig=AOvVaw0TEgGb6fgE7eeB80igeI6O&ust=1508859674868882
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So Its Not Just The Extreme Events

• “Smaller”, storms with greater return 
frequency (e.g., 0.5-yr, 1-yr and 2-yr events) 
now generate more rain and runoff. 

• Increases opportunity to mobilize and 
transport pollutants, sediment and nutrients.

• Exacerbates environmental stress.
• Results in chronic, repeating impacts.
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Flooding, Erosion, Eutrophication  and 
Contamination

• All storms represent 
environmental risk

• Acute impacts - extreme 
events and flashy storms

• Chronic impacts - smaller, 
reoccurring events
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Hydraulic Impacts

Erosion Bank Subsidence

Too much water, too fast…function of rate (CFM)
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Hydrologic Impacts

Flooding Reduced Baseflow

Function of too much/too little volume (gallons, m3, Ac-ft)
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Water Quality Impacts

Over 70% of water quality 
problems in US due to non-
point source pollution 
conveyed by SW runoff

Increases cost to produce 
quality potable water.
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Altered Ecological 
Services and Functions

Eutrophication Fish Kills
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HABs

Algae Toxins Prompt Toledo 
To Ban Its Drinking Water
August 3, 201410:31 AM ET
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So Yes…A Little Runoff Can Create a 
Lot of Problems
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What happens in your watershed eventually effects your 
reservoir.
• Land development alters hydrology and hydraulics. 
• Stormwater runoff mobilizes and transports nutrients, 

sediments and contaminants.
• Industrial, commercial and municipal wastewater 

discharges introduce additional contaminants. 
• Septic system clusters another nutrient source.
• Agriculture generates nutrients and contaminants.
• Extreme events increase catastrophic, acute risks

It All Flows Downhill…
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Watershed Risk Management Plan

• Eutrophication Risks 
– Small Storms
• Hydrologic load
• Nutrient load
• Sediment load
• Septic Clusters
• Trophic response

• Hazard Risks – Extreme 
Storms
• Eroding Streams
• Flooding of WWTPs, 

and Industrial, 
Chemical Storage and 
Contaminated Sites, 

• Failing Dams/LeveesChronic Impact

Acute  Impact 
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Accelerated by nutrient inputs, especially phosphorus
• Phosphorus and stormwater runoff

• Dissolved, particulate, organic, and inorganic
• Typical TP conc in SW 0.28 mg/L1

• The majority of nutrient and sediment loading is 
typically from external, watershed sources

• Less phosphorus loading = less eutrophication.
• Watershed management thus intrinsic to successful 

long-term protection of reservoir water quality.

Reservoir Eutrophication

1Yang & Toor.  2018.  Scientific Reports 8:11681 
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• Boundary
• Topography
• Land cover
• Land use
• Hydrology
• Pollutant sources 
• Pollutant load

Where Do I Start?
Thou Shall Know Thy Watershed! 
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Need to account for spatial and temporal 
variations
Focus on phosphorus, nitrogen and sediment
• Annual total watershed load
• Annual sub-watershed specific load
• Sub-watershed load by land use/source category
• Seasonal/Monthly sub-watershed load
• Manageable vs non-manageable load

Quantifying “Pollutant” Loads
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Water in…Water out
• Stormwater runoff, groundwater, and direct 

precipitation on reservoir surface.
• Affects:

• Nutrient and sediment loading
• Flushing rate / pollutant retention/ nutrient 

assimilation
• Water column mixing and stability

• Need to quantify seasonally
• May want to quantify on storm-specific scale

Hydrologic Data
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Generating Hydrologic / Pollutant 
Loading Data

• Direct field data collection and sampling
• Indirect quantification and estimation

• Stream Stat
• USDA Soil Mapper
• State GIS Land Use Data
• UAL or MapShed Models
• Various Trophic State Models
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• Stream Stat
• https://www.usgs.gov/mission-areas/water-

resources/science/streamstats-streamflow-statistics-and-spatial-
analysis-tools?qt-science_center_objects=0#qt-
science_center_objects

• USDA Web Soil Survey
• https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

• NJDEP GeoWeb
• https://www.nj.gov/dep/gis/geowebsplash.htm

• Climate Data – Rutgers State Climate Database
• https://climate.rutgers.edu/stateclim_v1/nclimdiv/

Watershed Mapping and 
Information Sources

https://www.usgs.gov/mission-areas/water-resources/science/streamstats-streamflow-statistics-and-spatial-analysis-tools?qt-science_center_objects=0#qt-science_center_objects
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://www.nj.gov/dep/gis/geowebsplash.htm
https://climate.rutgers.edu/stateclim_v1/nclimdiv/
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• Use StreamStat to delineate watershed and sub-
watersheds

• Use USDA/SCS digital soil mapper to map primary 
soils and slope

• Map and quantify land use
• Compute monthly precipitation, 

evapotranspiration data using local climate data
• Synthesize data using pollutant loading and 

trophic state models

Essential Watershed Data
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Watershed Delineated With 
StreamStats
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Soils Mapped With USDA Soil Mapper
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Land Cover, Wetlands and Streams 
Mapped with NJDEP GeoWeb 
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Rutgers Rainfall and Climatic Data
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• Created by Dr. Barry Evans, Penn State…managed by Stroud 
Institute 

• GIS-based watershed modeling tool that integrates hydrology, 
land cover, soils, topography, weather, pollutant discharges, and 
other critical environmental data to model sediment and nutrient 
transport.

• Includes numerous analytical e.g., simulation of pathogen loads, 
pollutant transport processes in urban settings, and effectiveness 
of BMPs (using PreDICT module).

• Uses both spatial and “non-spatial” input parameters.
• https://wikiwatershed.org/help/model-help/mapshed/

MapShed

https://wikiwatershed.org/help/model-help/mapshed/
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Culver Lake
Surface Area 539 acres
Volume 5,275.5 x 106 gallons
Mean Depth 27 feet
Maximum Depth 55 feet
Watershed Area 3,991 acres
Watershed:Lake Ratio 7.4:1
Flushing Rate 2.47 years
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Culver Lake Hydrologic Load
Ave Flow by Month by Watershed

Subwatershed Area (ha) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 808 3.96 4.33 7.79 5.06 3.44 4.27 1.70 3.17 6.53 5.06 2.75 3.68
2 146 4.12 4.34 7.63 4.80 3.21 4.18 1.70 3.40 6.62 4.78 2.62 3.68
3 68 4.21 4.81 8.98 5.34 3.52 4.41 1.66 3.29 6.68 5.56 2.92 4.11
4 185 5.09 5.66 9.60 5.62 4.22 5.03 2.27 4.13 7.27 6.37 4.03 5.19
5 55 4.39 4.90 9.11 5.53 4.15 5.25 2.39 4.19 7.50 6.55 3.19 4.73
6 236 4.28 4.93 8.89 5.19 3.47 4.36 1.74 3.50 6.72 4.97 2.75 3.75

Aggregate 1499 3.97 4.75 8.51 5.29 3.57 4.39 1.73 3.28 6.64 5.25 2.87 3.71

     ( )



CWC

Localized Flow Calibration 
of Modeled Data
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MapShed Computed 
External Loading

Subwatershed Area Erosion Sediment Dis. N TN Dis. P TP
(Ha) kgx1000/yr kgx1000/yr kg/yr kg/yr kg/yr kg/yr

1 808 177 15 2234 2537 83 117
2 146 41 2 371 426 14 20
3 68 4 4 210 290 10 16
4 185 75 28 660 930 35 66
5 55 4 10 225 360 14 27
6 236 1470 81 931 1573 32 157

Sum 1498 1771 140 4631 6116 188 403
Aggregate 1499 1833 148 4670 6150 185 391

Culver Lake - Pollutant Loading
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Culver Lake – Phosphorus Loading Summary (Kg/Yr)

Source TP (kg/yr) % of Total

External NPS 255.2 12%

Internal Regeneration 831.4 41%

Direct Precipitation 71.4 4%

Septic Loading 866.7 43
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• Vollenweider, R.A. 1968. Scientific fundamentals of the eutrophication of lakes and 
flowing water, with particular reference to nitrogen and phosphorus as factors in 
eutrophication.  OECD, Paris, Tech Rpt DA 5/SCI/68.27, 250 pp.

• P. J. Dillon, F. H. Rigler. 1975. A Simple Method for Predicting the Capacity of a Lake for 
Development Based on Lake Trophic Status. Journal of the Fisheries Research Board of 
Canada, Vol. 32, No. 9 : pp. 1519-1531

TPs = L(1-R)T
Zm

TPs = Predicted Spring TP Concentration g/m3

L = Annual Areal P Load g/m2/yr
R = P retention Coeficient
T = Hydraulic Retention Time yr-1

Zm = Mean Depth meters

Trophic State Models
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Watershed management is a challenge for most 
surface water supply systems
• Scale…Large contributing watershed with multiple 

tributaries 
• Lack direct control over the majority of the watershed
• No regulatory driver, requirement or support for 

watershed management or pollutant load reduction

OK Steve…But How Do I Use This 
Information 
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• Improves reservoir management decision making.
• Enables you to understand how reservoir raw water 

quality changes seasonally and how to respond to 
changing conditions. 

• Understanding sources, quantity and timing of 
nutrient and sediment loading enables you to plan for 
the worst.

• Quantification of loading by source enables you to 
focus nutrient and sediment reduction strategies on 
major, chronic, or easiest sources to control.

Watershed Data Foundation of 
Adaptive Management
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https://essa.com/approach/ “Embrace Uncertainty”

https://essa.com/approach/
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Root Cause Management Actions
• Prevent - Limit P Loading (Internal and 

External)...SW Mgmt, Septic Mgmt, Internal 
Load Control (Nutrient inactivation, Aeration)

Responsive Management Actions
• Prevent/Control – Nutrient inactivation, 

Aeration, Biomanipulation
• Reduce – Algaecides, Sonic devices

React –
Prevent, Control, and Reduce
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• Seek watershed management and stream 
restoration funding. 

• Education and outreach:
• Green infrastructure SW management.
• Septic management. 

• Participant in grant applications.
• Provide independent source of funding:

• Green infrastructure rebates.

Working With the Watershed 
Community
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• What happens in your watershed is often the major driver of 
reservoir eutrophication and eutrophication related problems 
including HABs.

• Development increases runoff which increases eutrophication 
risks to your reservoir.

• Knowing your watershed entails quantification of external 
nutrient, sediment and hydrologic loads.

• Resulting data should help identify major risks to raw water 
quality and prioritize management decisions.

• Overall goal is to be proactive not reactive.
• Maximizing raw water quality minimizes in-plant treatment. 

In Summary
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Thank You…Questions
Stephen J. Souza, Ph.D.
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2nd Presentation
Dr. Erich Marzolf is the Director of the Division of Water and Land 
Resources with the St. Johns River Water Management District where he 
oversees data collection, land management and ecosystem restoration 
planning. 

In this role he works on integrating aquatic and terrestrial restoration and 
management efforts to meet the District’s core missions.
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Division of Water and Land Resources



St. Johns River Water Management District

• On the Farm
• Ag BMPs
• Advanced BMPs (not in manual), not obligatory but cost-share eligible

• Change in Farming
• Crop Conversion
• Buyout

• Regional Treatment
• Dispersed Water Treatment – Public payment for treatment on Private Land
• Government Treatment System on Public Land
• Integration with large USACOE Flood Control Projects

Florida’s Multi-Scale Approach To Nutrient 
Load Reduction from Agriculture

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Florida’s 
Water Quality 

Status
Set Water  

Quality  
Standards

Monitor and  
Assess  

Waterbodies

Impaired  
Waterbodies  

(303d) List

Total Maximum  
Daily Load  

Development

Restoration -
Basin

Management  
Action Plan

Presenter
Presentation Notes
Where are my Enviro coaches?  This should sound familiar.  

The FDEP sets water quality targets, based on state water quality standards, for specific nutrients (such as nitrogen, phosphorus, mercury and others) as TMDLs or Total Maximum Daily Loads.  A BMAP is the blueprint for restoring impaired waters by reducing pollutant loadings to meet the allowable loadings established in a TMDL.  By statute, agricultural operations are required to enroll in FDACS BMPs (which are otherwise voluntary) or conduct water quality monitoring at their own expense.  BMPs come with a presumption of compliance with water quality standards.  Conducting water quality monitoring at the growers expense is expensive and does not come with a presumption of compliance.

The areas in green represent either pending or adopted BMAPs.  I expect in the coming years, the majority of the state will be green.  




St. Johns River Water Management District

Once a BMAP is adopted growers in watershed must sign a 
Notice of Intent to 

• Monitor and demonstrate runoff is not contributing to problems, 
or 

• Implement measures in appropriate BMP Manual

Best Better Management Practices (BMPs)

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Two categories:
• Nutrient management

• Amount, timing, placement and type of fertilizer
• Irrigation management

• Maintenance, scheduling and overall efficiency rating of irrigation systems
• Living Documents = Evolving

BMP Manuals

fdacs.gov/Agriculture-Industry/Water/Agricultural-Best-Management-Practices

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  



St. Johns River Water Management DistrictBMPs

• BMPs are practical measures that reduce the amount 
of fertilizers, pesticides, animal waste, and other 
pollutants entering our water resources

• BMPs must be economically and technically feasible 
for the producer to implement

• Developed by the Florida Department of Agriculture 
and Consumer Services

• Verified by the Florida Department of Environmental 
Protection

Presenter
Presentation Notes
I expect you are all very familiar with FDACS BMPs? Their purpose is straightforward… They are simply designed to reduce the amount of nutrient and other pollutants that enter our water resources.  

I think it is important to note that BMPs are designed to be economically and technically feasible for the producer to implement.  

BMPs are voluntary for those operations NOT within a BMAP… HOWEVER, agricultural operations within BMAP areas have two options:
Enroll in and implement FDACS BMPs
Follow an FDEP or WMD prescribed water quality monitoring plan at the producer’s own expense.  I was at a meeting a few months ago with Seminole county growers and a Florida Farm Bureau representative estimated that for a 160 acre row crop field, that could be $70K just to set up monitoring wells and then over $10K per year to implement.  

The message from the agencies to the producers has consistently been that it is much cheaper to sign up for the Notice of Intent than to conduct monitoring, especially since most growers are already doing the majority of the BMPs already.
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• Not Site Specific
• Not Designed to Meet Specific Water Quality Goals
• Do Not Obligate a Specific Load Reduction Allocation 
• Therefore, 

• Watersheds with extensive Ag, 
• Atypical conditions, 
• WQ goals may not be met by BMPs alone

Ag BMP Limitations

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  



St. Johns River Water Management District

• On the Farm
• Ag BMPs
• Advanced BMPs (not in manual), not obligatory but cost-share eligible

• Change in Farming
• Crop Conversion
• Buyout

• Regional Treatment
• Dispersed Water Treatment – Public payment for treatment on Private Land
• Government Treatment System on Public Land
• Integration with large USACOE Flood Control Projects

Florida’s Multi-Scale Approach To Nutrient 
Load Reduction from Agriculture

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Advanced BMPs - Precision Irrigation

• Linkage between water use efficiency and nutrient use 
efficiency and runoff

• Eligible for cost-share (multiple sources)

Presenter
Presentation Notes
The District-wide Agricultural Cost Share was started in July of 2015.  Approved projects are funded at 75% with an annual cap of $250,000.  

There are currently three agricultural cost share programs:
The TCAA WMP which is funded by SJRWMD, FDACS and FDEP.  This program is for farmers in Putnam, Flagler and St. Johns counties.
The Silver Springs Ag BMP Cost Share which is for growers in the Silver Springs spring shed to address both the MFL (from the water supply side) and the BMAP from the water quality side.  This program if funded 50/50 between SJRWMD and FDEP
The District-wide Agricultural Cost Share which is for everyone not falling in the other categories.
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Precision Irrigation

• Reduce pumping costs
• Retain nutrients in the root zone
• Minimize plant disease

Presenter
Presentation Notes
The St. Johns River Water Management District works to ensure adequate and sustainable water supplies are available to meet future needs while protecting the environment.  In some areas, we are reaching the sustainable limits of withdrawal from the Floridan aquifer.  

The ag community is absolutely dependent on an abundant high quality water supply for the health of their crops and their livelihoods.  More and more, they are moving to precision irrigation as part of their management systems.  Besides protecting the water resources for their children and grandchildren, growers have some pretty compelling reasons to conserve water.  

First, precisely irrigating their crops reduces pumping costs, whether they are using diesel or electric pumps.  Second, overirrigating is going to push the nutrients down through the soil profile and out of the root zone where it can’t be used by the plant.  Finally, overirrigating can lead to increased chances of plant disease because a moist environment is more conducive to pathogen growth.  

So let’s take a look at what precision irrigation looks like for our District’s growers!�
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Presenter
Presentation Notes
Center pivots have become more efficient over the years with drop hoses that put the nozzles closer to the ground and low pressure heads that deliver larger droplets that are less likely to evaporate or be affected by wind before they hit the ground.  But with variable rate irrigation, each of those drop hoses can now deliver different amounts of water based on GPS and GIS information.  This can account for different soil types in the field, turning off fertigation over wetlands, or to account for overlapping pivots.   



St. Johns River Water Management District

Presenter
Presentation Notes
Currently one of our most popular projects is pump automation.  Growers often manage several groves in various locations and one person is often in charge of manually turning on the pumps when it is time to irrigate and then going back from site to site and turning off the pumps.

With pump automation, weather stations are set up in the grove blocks to measure soil moisture, temperature and wind as you see on the slide.  Based on preset conditions, the stations talk to the controllers on the pump for the various zones.  Each of these wires is connected to solenoids for each citrus block.  From there, there is an automatic start/stop controller that ramps the engine up and down as it starts and stops it based on the presets.  Clearly I am not mechanically inclined, but this ramping up and down during start and stop helps with the life of the engine.  



St. Johns River Water Management District

Presenter
Presentation Notes
Along with automation, technology plays a key role in many of these projects.  More and more when I visit with growers on these projects, the first thing they do is pull out their phones and show me their irrigation apps.  

For the middle picture, this was for a container nursery.  Not only did the grower have access to moisture information, his meters were measuring electroconductivity or EC (show in deci seimens on his screen).  This way he knows where his nutrients are… are they still in the root zone where he needs them or are they in danger of being leached out.

The picture on the right refers back to the pump automation… when the soil moisture reaches 45%, the pumps turn off.  He also has access to the soil moisture sensor data on his phone for each of his citrus blocks.  Technology adoption among growers is increasing rapidly with the help of the cost share program.  
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Presenter
Presentation Notes
The picture on the left shows a soil moisture sensor in a peanut field in the Citra area.  There are probes placed at 6, 12 and 18 inches, plus a temperature gauge.  The middle picture shows a soil moisture sensor in a container on a blueberry operation. The picture on the right shows a weather station that measures not only soil moisture, but also wind speed and humidity.  The information is relayed back to the office where the grower can determine whether and when to irrigate based on field conditions.  



St. Johns River Water Management District

Soil Moisture — Smarter Irrigation

Presenter
Presentation Notes
However, the support and software ease of use are increasing rapidly in the last few years.  In the top graph, which I borrowed from BMP Logic, you can see the moisture at different soil depths.  In the bottom, the graph is color coded… blue is saturation, green is the zone where you want to keep your soil moisture and red shows onset of plant stress. This is where the vendor support really comes into play.  The root zone is going to be different for various crops and will get deeper as the crop grows for something like corn or stay relatively stable for a crop like citrus, except for maybe fruit set.  These tools can really help the farmer determine when to turn on the irrigation after a rainfall event.
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Smarter Irrigation — Less Nutrient Loss

Presenter
Presentation Notes
Some of these soil moisture sensors now read electroconductivity, a measure of salts in the soil.  When the grower can actually see the effect that rain or irrigation has on pushing the nutrients through the soil profile and down past the root zone.  

Remember, nutrient loss is usually pollution.
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Presenter
Presentation Notes
In this example, the grower laid troughs on top of the expanded metal benches.  Instead of having the water and fertilizer drip onto the ground (both between the pots and running out the bottom), the pots take the water up through capillary action.  Any remaining water is sent outside to be filtered and collected back into the tanks to be used again.  The EC is measured and computers control the mixture of water and fertilizer.  This system is now closed loop and saves both water and fertilizer.
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Rainwater Harvesting

Presenter
Presentation Notes
We worked with Trader Hills in Nassau County, who was already efficient with their water and nutrient management, to become even more efficient.  They are an aquaponics production facility raising both tilapia and leafy greens in a closed loop system.  They took it a step further by purchasing and installing a rainwater collection system to help replace water lost to evaporation in the system, further reducing groundwater withdrawals.  They have recently expanded and hope to do the same type of system on their new larger greenhouse.  

The person who started Trader Hills, Angela TenBroeck has expanded her business model and is one of the speakers later today.  I admit I was originally skeptical because I thought that aquaponics was something that only Epcot could afford to do and it was just kind of a hobby for everyone else, but Angela proved it can be done on a commercial scale.  
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Precision 
Fertilizer 

Application
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Presenter
Presentation Notes
I started with precision irrigation, but want to switch gears now to the fertilizer side of the equation.  

You are most likely aware of fertigation which is a method of spoon feeding a crop through frequent liquid fertilizer applications.  I usually see this used in conjunction with dry fertilizer because at certain times of the year, growers may be getting enough supplemental rainfall that they don’t need or want to turn on their irrigation systems to feed the crop.  

The picture on the upper right shows a fertilizer tank as part of an injection system for the micro-spray irrigation in a citrus grove.

The picture on the bottom left shows a fertilizer spreader with pipes to drop fertilizer right on top of the bedded rows.  Prior to these banders, the fertilizer was broadcast and the nutrient would end up in the alleys which a) is not where the plant is growing and b) is subject to runoff in rainfall events.  

The picture on the bottom right is an airflow rig with boom arms.  The arms drop the fertilizer right on the row.


The tractor is also equipped with GPS guidance so there is no overlap on fertilizer application on the field like the one shown in the upper middle. 
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Presenter
Presentation Notes
As you know, citrus greening has hit the citrus industry hard.  It leaves groves with dead or dying trees scattered throughout.  Typical fertilizer spreaders, whether for dry fertilizer or liquid foliar applications, apply the same amount of product to every tree.  So the tree in the middle would get exactly the same amount of fertilizer as the trees to the left and right.  And a reset, or new tree, would get the same amount as the mature trees.  
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CC-Eye Tree 
Sense 
Technology and 
Variable Rate 
Fertilizer 
Application

Presenter
Presentation Notes
CC-Eye Tree Sensing Technology “reads” the amount of canopy on every tree as it passes.  The sensor is typically mounted on the tractor (as shown above) or at the front of the spreader and sends a signal to the spray nozzles or spreader.  The machine then would turn off for dead trees, apply a small amount for replanted trees and apply the full amount for mature trees in good health.

For foliar application of liquid fertilizer, the machine on the left could spray just the low nozzles, low and mid range or all three sections depending on the amount of canopy it sensed.

These types of equipment are saving the growers considerable amounts of fertilizer (and thus money) while reducing the amount of nutrients hitting the ground.  Growers are reporting that they can reduce the amount of fertilizer they use by up to 50% in some cases, depending on the individual grove, the amount of replanted trees or damaged trees.
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Precision Fertilizer Application

Presenter
Presentation Notes
This video shows a conventional sprayer that only has an on or off position as shown on the left.  The sprayer on the right is operated with the Lidar technology and you can see that it pulses high, low, on and off as it goes down the row.  This is particularly useful in tree nurseries where some trees are round shaped, some are cylindrical and some may be pyramid shaped, not to mention taller and shorter.  We have heard estimates of reductions in fertilizer around 40% with these systems.  
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Field Fertility Mapping 
and Precision Fertilization

Presenter
Presentation Notes
Another technology that is being used more and more is soil grid mapping.

Historically, when soil tests are sent in for analysis, the grower takes several samples throughout the field, mixes them together and sends them off for analysis and fertilizes based on the composite sample.  With soil grid mapping, the farmer takes samples and marks each sample with a GPS point.  The samples are sent to a lab for analysis and a flash drive with recommendations for each nutrient at any given point in the field.  The flash drive is plugged into a controller on the tractor which “communicates” with the fertilizer application equipment.  The unit can turn on or off, and deliver more or less material depending on where it is in the field and what level of nutrient is needed.  

Many tractors are equipped, and we have helped fund, RTK or real time kinematic.  This is a satellite navigation technique to enhance the accuracy of GPS systems.  The real benefit to these is that they prevent overlaps in fertilizer application and they can auto-steer tractors.  They also make variable rate applications possible. 
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Y-drop Precision Application

Presenter
Presentation Notes
Here is a Y-drop machine.  It is compatible with GPS and soil grid mapping, so in addition to accurate placement, each individual drop is independent and can turn on and off as necessary to apply fertilizer or chemical only where it is needed.  
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Seepage 
Irrigation 

Conversion
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Presenter
Presentation Notes
The Tri-County Agricultural Area, which I mentioned earlier, consists of approximately 30,000 acres of row crops and sod in Putnam, Flagler and St. Johns counties.  This area has historically been irrigated by seepage.  Water is sent down irrigation furrows, typically spaced every 60 feet throughout the field, as shown in the pictures above.  The water table is raised through capillary action throughout the field. As you can imagine this method, is not particularly efficient since so much water can evaporate.  During crop establishment, pumps might be turned on and left on 24/7 for the first six weeks and then as needed after that until the crop is harvested. 
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Sub-Irrigation Drain Tile
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Presenter
Presentation Notes
Growers have now converted almost ¼ of the acres in the area to more efficient systems within the past six years.  One of these systems is sub-irrigation drain tile.  

Perforated pipe is place underground in trenches and covered up again.  This is not like the open tile drain systems common in the Midwest.  Instead of just draining fields and sending water and nutrients offsite, the pipe is connected to control structures as seen in a top view in the image in the center of the slide and the graphic on the right.

Boards are placed in the structures to back water up in the field when pumps are running and water is flowing through the pipes.  Even when water isn’t running the boards keep the water table high in the field where roots can access the water.  

In times of heavy rainfall, the boards can be removed and the water drains into perimeter ditches that also have control structures.  These systems have been shown based on water use data to reduce water use by approximately half compared to the seepage systems.  Even better they serve to reduce nitrogen and phosphorus runoff based on University of Florida studies.
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Inflow

Outflow

Diagram from Laura Alvarez et al. Appl. Environ. Microbiol. 2014;80:19-28

Edge of Field Denitrification Bioreactor

Presenter
Presentation Notes
Organisms from the soil colonize woodchips and break down the wood chips into smaller organic particles.  These microorganisms convert nitrates flowing in from drainage water and convert it to nitrogen gas through denitrification.  Through this method, nitrate is removed from the drainage water before it can enter surface waters.  
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• On the Farm
• Ag BMPs
• Advanced BMPs (not in manual), not obligatory but cost-share eligible

• Change in Farming
• Crop Conversion
• Buyout

• Regional Treatment
• Dispersed Water Treatment – Public payment for treatment on Private Land
• Government Treatment System on Public Land
• Integration with large USACOE Flood Control Projects

Florida’s Multi-Scale Approach To Nutrient 
Load Reduction from Agriculture

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Payment for 
Crop Conversion

• In particularly 
sensitive areas, ie. 
springsheds, provide 
economic incentives 
to encourage 
growers to switch 
from water and 
nutrient intensive 
crops to crops with 
less runoff, ie. trees

• Multiple attempts, but 
not yet attracted 
participants

6 mg NOx-N/L while TMDL 
target is 0.35 mg NOx/L

April 7 – May 5 2021

6

Fanning Springs
Continuous Nitrate Data

6.4

Fanning Sp[rings State Park

Presenter
Presentation Notes

Traditional BMPs and regional treatment that rely upon surface runoff and flows won’t work. Within the springshed there are no streams, rainfall hits the ground and is absorbed into the sandy soils and then migrates to the Florida aquifer underneath. Given these challenges we tried to develop economic incentives to encourage some growers to switch from water and nutrient intensive crops to less intensive crops. We got no takers so we clearly didn’t have the economics right, but I still think this might be a useful tool. 
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• On the Farm
• Ag BMPs
• Advanced BMPs (not in manual), not obligatory but cost-share eligible

• Change in Farming
• Crop Conversion
• Buyout

• Regional Treatment
• Dispersed Water Treatment – Public payment for treatment on Private Land
• Government Treatment System on Public Land
• Integration with large USACOE Flood Control Projects

Florida’s Multi-Scale Approach To Nutrient 
Load Reduction from Agriculture

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Farm Buyout
• Unusual as typical land purchase focuses on 

only willing sellers
• Focus on highest loads, typically muck 

farms, developed on former floodplain 
wetlands
• Restore farms to wetlands
• Convert to reservoir for water storage and 

treatment
• One “unwilling” example where Legislature 

directed buyout of muck farm businesses on 
Lake Apopka, both land and equipment



St. Johns River Water Management District

  

  

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

  

   

 

 

  

  

 

 

 

  

 

 

 

 

  
  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

  

  

 

   

 

 

 

 

 

   

  

 

 

 

 

 

 

 

 

 

  

  

 

 

  

 

 

 

 
 

  

 

 

 

 

 

 

 

 

  

  

 

 

 

 

  

 

 

 

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  

 

  

 

 

 

 

 

 

 

Lake Apopka and Watershed

Farms
85%

Total Phosphorus 
Loading ~7X Ambient

Watershed

Presenter
Presentation Notes
The red line in the watershed boundary of Lake Apopka.  The muck farms on the north side of the lake are clearly visible in this 1995 image, as are the rapidly developing areas on the south side of the lake.  The metro Orlando/Orange county area is quickly developing in this area, especially to the SE.  

The muck farms were developed on the north shore as the floodplain marsh was isolated from the lake by a levee and then the wetland drained and agriculture established in the 1940s.  Earlier attempts to drain the wetland had failed.  The combination of draining these rich soils and fertilizer use greatly increased the amount of P reaching the lake from the area.  Agriculture here was intense with some farmers producing three rotations per year.  Ultimately, the Lake’s P load was increased 7-fold and 85% was from the north shore.

One important legacy of the farming is that there was significant soil oxidation when the soils were dried and plowed of about 1 foot per decade.  Thus much of the farmed area is now five feet lower than it was as a floodplain wetland.
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• 1996 ‒ Lake Apopka 
Restoration Act directed the 
St. Johns River Water 
Management District to buy 
the North Shore farms

• Initiated process of restoring 
area to wetlands to halt soil 
oxidation and phosphorus 
release

• Highly successful in reducing 
phosphorus loads

Lake Apopka North Shore Muck Farms
The Key to “the Diet”

Presenter
Presentation Notes
This with the vast majority of excess P in L Apopka coming from the North Shore, it was correct for the Legislature to direct the District to purchase the farm business and land in 1996.   

Recall that this area used to be part of the lake’s floodplain.  Once diked off and drained and put into Ag, the rich organic soils oxidized and were lost at about a foot per decade of farming.  To reverse this P loss the District needed stop over draining and oxidizing the soils to stop their subsidence and reduce their P loss.  These soils once wet would become wetlands and as the wetlands mature their loss of P would reduce.  The lake would benefit by having less P-rich water pumped into it and the District further reduced the effects of P by chemically treating the water to make the P unavailable to algae.  This makes up the majority of the P diet the lake was put on.
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Phosphorus Load Reductions “The Diet”

1998 end farming 2009 end soil remediation

Presenter
Presentation Notes
So how has the diet worked?
Annual phosphorus loading from all sources to Lake Apopka. 
“Agricultural Lands” category is the Lake Apopka North Shore. 
Land use in that area shifted from mostly agriculture prior to 1996 to mostly reflooded wetlands by 2014. 
The Total Maximum Daily Load (TMDL) target for P loading is 15.9 metric tons P per yr. Mean loading for 1968-87 was derived through analyses of sediment stratigraphy (Coveney 2000). P loading was measured directly beginning in 1989.
The District’s conversion of these former farms back to wetlands has dramatically reduced P loading to the lake, and we have met our TMDL loading target for most of the past decade.
We also recognize the importance of restoring wetlands of this size.
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Florida’s Multi-Scale Approach To Nutrient 
Load Reduction from Agriculture

Presenter
Presentation Notes
The pictures at the bottom of the slide show just a sample of the manuals available for some commodities.  There are now manuals to cover the majority of commodities in Florida.  

There are two categories of FDACS adopted BMPs.  They are nutrient management and irrigation management.

Nutrient management includes following UF-IFAS recommended  fertilizer rates, soil and tissue tests, fertigation, split fertilizer applications, foliar applications, controlled release fertilizer and variable rate fertilizer spreaders.

Irrigation management includes conversion to low-volume systems, soil moisture monitoring, scheduling according to rainfall, temperature, and other climatic conditions, water placement and plant groupings.  
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Edgefield - Dog Branch RST -
2007

 25 acre pond and 56 acre 
wetland 

 Treats ag runoff from 2,000 
acres (65% agriculture)

 Site was formerly used in 
row crop production

Deep Creek RST – 2006

 19 acre pond and 38 acre 
wetland

 Treats ag runoff from 1,196 
acres (95% ag)

 Site was formerly used in row 
crop production

Regional Stormwater Treatment Facilities
Pond InflowPond Outflow

Wetland Inflow

Wetland Outflow

Presenter
Presentation Notes
Both sites were formerly agriculture production fields.

The District transferred ownership, management and nutrient reduction credits for Edgefield to the county. So we helped get the project running and the O&M is the responsibility of an entity needing credits. It’s a reminder of the importance of O&M to meeting both project success and WQ improvement goals.
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Regional Stormwater Performance

* 2015 – Pumps were not operating in 2015

Presenter
Presentation Notes
These charts illustrate the performance of the Dog Branch system in removing both P and N. For both N and P the input loads, the green lines, are tracking rainfall as expected. The bars on the bottom show the mass of N and P removed, in comparison to the load reduction goals. Each year the system met its load reduction target. 
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Dispersed Water Treatment
• Public – Private Partnership using Private Lands
• Long-term agreements
• Two models at various stages of use

• Utilize available private land for treatment
• Wetter Areas
• Citrus out of production due to Citrus Greening Disease

• South Florida - payment for storage volume created, used as 
necessary to detain water and nutrient loading

• North Florida Pilot Projects- payment for nutrient mass reduction 
and Ag water supply as privately designed and operated
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Dispersed Treatment Pilot Project
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Indian River LagoonSouth Prong 
Sebastian River

Lateral L Canal

Lateral C Canal

Drainage Area

Estimated Performance
• Flow: 0.2–4.5 mgd 
• Phosphorus removal: 

700–1,500 lbs/yr 

• Public-private 
partnership

• Provides water 
supply and 
treatment

• Time-limited
• Not built yet

Presenter
Presentation Notes
Inflow from Lateral C canal (potentially Lateral L) and outflow to South Prong Sebastian River.  
Current assessments indicate a reduction of about 1MT TP/yr and 5MGD freshwater diverted from tide

Estimated costs $3.6M to permit and construct, $230k in annual payments and $450k to decommission after 7-8 years
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Upper St. Johns 
River Basin Project
• USACOE – District Flood 

Protection Project
• 247 mile2

• ~ 30 years to build
• Water Quality Treatment
• Water Supply
• Habitat (fisheries, hunting, etc.)
• Additional Non-Federal Projects

• Fellsmere Water Management Area
• P3 - Dispersed Treatment

Presenter
Presentation Notes
You all are very familiar with the dispersed water storage projects the District has worked on with partners throughout the Upper Basin.

primary purposes for this string of reservoirs
to hold stormwater on land reducing excess freshwater inputs to estuaries 
a water conservation tool, redirecting water to areas currently using groundwater irrigation.  
provide reduction in nutrient loads and in many areas this is the greater need
Redirect towards St Johns River as needed. 






St. Johns River Water Management District

Thank You

Presenter
Presentation Notes
Thanks, and I’ll close with a photo of some of our staff presenting a check for a cost-share project to some local growers. While the funding is certainly important, the expanding conversation on how we collectively continue to increase the efficiency of our water and nutrients is essential.

On the right is the leader of our “Ag Team” Suzanne Archer, and she has mentioned in the past, that we often see more benefits than we expected when we do these projects. She has heard from farmers again and again that once they do a project through cost share, they decide to go one step further, whether it is going in and fixing leaky main lines or installing soil moisture sensors in addition to upgrading their irrigation package.

She was riding with a citrus grower in Vero a while ago to look at his completed irrigation project.  All of a sudden he stopped the truck, jumped out and asked her to follow him.  While the vendor was installing the soil moisture sensors, which were part of the project, the grower realized that he now had access to root zone leachate and he now tests for nutrients at least once a week and prior to fertigation to see if it is necessary or not to fertilize.  It is these conversations and efforts that help grow even more efficiency. She says she never gets tired of hearing these stories.  




US Army Corps of Engineers  • Engineer Research and Development Center

UNCLASSIFIED

UNCLASSIFIED

Questions & Answers
Please post any questions to the “CHAT”.  
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Please join us next week!
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