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Overview
• Ecological & Hydrologic Targets for 

Western Biscayne National Park

• Consideration for downstream 
ecosystem in water management
– Specific conditions and goals
– Triggers for dry season flow

• Hydrodynamic Model results
– Best use of available water
– Quantity, timing, and distribution
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Presenter
Presentation Notes
Quick overview of where the target zone is, that the bottom types, including historic bottom data, support the idea that the area isn’t arbitrary.  Plot on right shows that the salinity observations in the bay also show natural flow patterns that match the bottom distribution, again showing the selection of the 10kacre western bay zone isn’t arbitrary.  Good time to introduce the salinity monitoring network as well and mention data access through EVER_data_request@nps.gov
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Historical Conditions in Biscayne Bay

Collecting fresh water from a spring in 
Biscayne Bay approx. 1.2 km offshore from 
the Cutler area in 1890*

*NOAA Technical Memorandum NOS NCCOS CCMA 145

“…You could dip a tin cup 
in the Miami River and 
bring up a crystal-clear 
drink, and there were 
places in the Bay itself 
where fresh cold water 
bubbled up."

J. Muir (1953)

Presenter
Presentation Notes
Fresh water 
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Changes in the 
Nearshore Areas

Historic trend of 
increasing salinity in the 
nearshore zone

Shift from estuarine or 
mesohaline conditions 
(5 to 18 ppt) to brackish 
or polyhaline conditions 
(18-30 ppt). 

USGS Circular 1275, Impact of anthropogenic development on coastal 
groundwater hydrology in Southeastern Florida, 1900 – 2000.

Presenter
Presentation Notes
Fresh water 
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***From  John Proni and Hector Casanova’s NOAA-AOML study on 
groundwater flow study, 2008, expanded report.

Modern groundwater 
flow is limited

Lack of freshwater head 
in  coastal system leads 
to groundwater springs 
that stop flowing as tide 
falls.
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Presenter
Presentation Notes
Quick overview of where the target zone is, that the bottom types, including historic bottom data, support the idea that the area isn’t arbitrary.  Plot on right shows that the salinity observations in the bay also show natural flow patterns that match the bottom distribution, again showing the selection of the 10kacre western bay zone isn’t arbitrary.  Good time to introduce the salinity monitoring network as well and mention data access through EVER_data_request@nps.gov
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Predicting salinity regime under 
alternate discharge scenarios

BBSM 2D model with:
– Advection and diffusion
– Rain  and evaporation
– Wind stress
– Bottom friction
– Tidal mixing
– Surface water inflows*

– Model or observation based 
boundary conditions

Biscayne Bay Simulation Model (BBSM)

Presenter
Presentation Notes
Main point – full numerical model of motion with given output.  Fast runtime so reasonable to analyze many scenarios.Ground water may be discussed – no ground water in current model runs, ground water ~6% of surface water for Biscayne Bay and ~100% of that is north of the Cutler Drain Canal, north of region most affected by ag-drawdown (Langevin, USGS, 2001)Ground water is critical in the long run, but not discussed in this presentation.
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Model Output

Presenter
Presentation Notes
Explain – flow vectors on left, salinity contours on right, location and quantity of discharge in bars, wind barb includedPages like this available at 20 min. intervals for 11 year time series.Describe – high flow relates to low residence time and vice versa.  Major inlets/outlets, major flow ways, scale.
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Constant temporal distribution
– Steady flow rate Oct. 15 to 

March 30
– Limitation: stage in canal 

will show steady decrease 
through dry season

Changing spatial distribution
– 3 different model scenarios 

split the constant flow across 
different areas

Goals:  
– Hypersalinity prevention
– Reduce variation in salinity0
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Alterative flow options using 
existing water

Presenter
Presentation Notes
STAGE is important here, with constant flow and no new water the ending stage will be closer to the low stage level observed during the drawdown period.  The difference is that the lowest stage observed will occur later, away from the wet season (more natural pattern) and will be highest at end of wet into dry season where it can be beneficial when compared to highest ocean water level of the year ( due to thermal expansion in Caribbean Sea)Detail – took flow data from the two structures, added them together, then divided by number of days to get daily combined flow. This flow then split and provided to different outflow points under various scenarios.
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Modeled Scenarios:
What is the best way to use 63 kaf freshwater 

to benefit Biscayne National Park?

• Slow_ag
– Release 63 kaf, split between two canals (S21A, S20F), over 

the period from Oct. 15 to March 30th
• Culverts_ag

– Release 63 kaf at Slow-Ag rate through coastal region via 
planned culverts in L31E

• Redistributed_ag
– Release 63 kaf at Slow-Ag rate through the above culverts and 

three canal structures (S20F, S21A, and Military Canal)

Presenter
Presentation Notes
Very quick slide to show that several scenarios have been analyzed.  These three in detail, but several others as well.
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Modeled Results – Base Conditions

Presenter
Presentation Notes
Show two stations, one inshore and one offshore.  Inshore shows a rapid drop in salinity of about 12 – 13 PSU associated with gates S21F and S20A being opened around October 15.  Offshore shows less response, as expected.Plot on right shows salinity prior to intentional drawdown of water levels by opening gates, zone of reduced salinity is related to ‘normal’ gate operations during rain events.
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Modeled Results – Base Conditions

Plot shows reduction in salinity from release of fresh 
water from agricultural drawdown

Presenter
Presentation Notes
Release of fresh water into near shore region, with a subsequent increase in salinity after initial pulse of freshwater is released.  Some jetting effect observed in harsh contours on north side of outflow at S21A – sign of inefficient  mixing due to high flow rates, related to increased loss to tide.
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Assessing Environmental Impact

• Diminishing returns 
with increasing flow rate

• Driven by mixing 
dynamics 

Suggests, through 
observations, there is an 
optimum flow rate for 
salinity reduction

Presenter
Presentation Notes
Not a 1 to 1 relationship between salinity at a given point and the rate of discharge at the associated canal.PRIMARY cause – simple mixing of changing end members.  Consider 1:1 volume, fresh + salt waterInitial case:  x at 0 psu + x at 30 psu = 2x at 15 psu, excess volume lost to tideStep 2:	x at 0 psu + x at 15 psu = 2x at 7.5 psu, excess volume lost to tideStep 3: 	x at 0 psu + x at 7.5 psu = 2x at 3.75 psu, excess volume lost to tide.SO… flow 1, get 15 psu drop, double the flow get additional 7.5 psu drop, triple the flow, additional 3.75 psu dropTherefore, 3 times the volume is only ¼ as effective as firstIn rough numbers – from 0 to 120 cfs moves salinity down 10 to 15 psu (red line), 120 to 240 cfs moves salinity down an additional 3 – 6 psu.  
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Modeled Results – Slow_ag

Presenter
Presentation Notes
Comparison – NO NEW WATER slow ag scenario has the same total volume of water as is released in the ag drawdown. Water released over a longer period of time at a constant flow rate (some variation expected in real data). �RESULT: reduced and stable salinity with flow, sustained low salinity waters for longer period of time. More uniform mixing near shore related to lower flow rates. 
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Modeled Results – Slow_ag

Presenter
Presentation Notes
Spatial distribution is similar to base but low salinity area near mouth of canal is smaller.  Harsh contour north of outflow at S21A missing, more uniform distribution.
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Modeled Results - Base v Slow_ag

Presenter
Presentation Notes
With no additional water in system, we show salinity in nearshore region held to lower (mid-20’s PSU) into January.  Slight improvement since the salinity value is held closer to mesohaline conditions for larger area for longer period. 
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Modeled Results - Base v Slow_ag
“Life support” 
Maintains a pocket of productivity 
through dry season

Presenter
Presentation Notes
With no additional water in system, we show salinity in nearshore region held to lower (mid-20’s PSU) into March. Clear improvement in conditions based on target of mesohaline conditions.  In this case, consider ecologically significant salinity regions for target species, this supports juvenile seatrout and is borderline crocodile, perch, shrimp and oyster conditions within model domain.Low acreage in sub_30 psu range but still providing some identifiable refuge for species late in the dry season.  This small pocket of productivity acts as (1) life support – providing  appropriate habitat that would otherwise be missing and (2) a pocket with reduced salinity at the start of the wet season, allowing for more rapid return to mesohaline conditions along the coast.
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Modeled Results - Base v Slow_ag

Alternative approach to protecting the 
bay:  

Suggest minimum flow rate of 82 cfs if 
salinity is above mesohaline conditions 
at BISC14 late in the dry season*

Presenter
Presentation Notes
Minimum flow rate based on our report, 125 kaf per year, is little more than 10 kaf per month = 82 cfsObservations (real data) show that below this rate salinity increases and above it salinity decreases at the inshore stations BISC14 and BISC40.  The match between the modeled minimum flow rate and the salinity to flow rate relationship support the use of the model for planning purposes.Efforts need to be made to pair up minimum flow requirements and timing with observations.



South Florida Natural Resources Center

Q & A Session

• Model related
• Storage, seasonality
• Acreage and bottom types
• Total flow to Biscayne Bay

• Other comments or concerns

Presenter
Presentation Notes
Comparison of bottom types – the low salinity wedge is pattern is roughly on the footprint of the submerged aquatic vegetation near shore, In very shallow water, SAV can reduce exchange rates (holding water longer) so help sustain low salinity region –or- low salinity region from free flow over shallow waters created conditions supportive of these particular species of SAV.
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