
4:30 p.m. Welcome, Introductions and Background 
Information 

4:35 p.m. Presentations: 
• Proposed Minimum Flow for the Rainbow 

River System
• Evaluation of Hydrologic Changes to the 

Rainbow River System 
5:25 p.m. Public Comment Period

Agenda

Please note: Anyone wanting to ask questions or provide 
comments will need to fill out a blue card. Blue cards are 
available in the lobby and should be turned into Melissa 
Gulvin. There is a limit of three minutes per speaker. 



Proposed Minimum 
Flow for the 
Rainbow River System

Melissa Gulvin
Government Affairs

Presenter
Presentation Notes
Hello. I’m Melissa Gulvin. The Government Affairs Program Manager for the northern region of the Southwest Florida Water Management District. On behalf of the District, I want to thank you for being here this afternoon. The goal of tonight’s meeting is to provide you an overview of the proposed minimum flow process, answer questions you may have and take your comments. 



1. Welcome, Introductions and Background Information 
Melissa Gulvin, Government Affairs Program Manager

2. Proposed Minimum Flow for the Rainbow River System 
Kym Rouse Holzwart, Senior Environmental Scientist

3. Evaluation of Hydrologic Changes to the Rainbow River System 
Ron Basso, P.G., Chief Hydrogeologist

4. Public Comment Period, Facilitated by 
Melissa Gulvin, Government Affairs Program Manager

Agenda

Please note: Anyone wanting to ask questions or provide comments will 
need to fill out a blue card. Blue cards are available in the lobby and should 
be turned into Melissa. There is a limit of three minutes per speaker. 

Presenter
Presentation Notes
I’ll be providing you a brief timeline of the minimum flow adoption process and then handing it over to Kym Holzwart and Ron Basso to talk about the evaluation process and how the District determines the proposed minimum flow. The presentations should take about 45 minutes and then there will be an opportunity for anyone interested in asking staff questions or providing comment to do so. You’ll need to submit a blue card. Blue cards are located on the table in the lobby or feel free to raise your hand and we can bring you one now.  Blue cards can be turned into me. Each member of the public who wishes to speak will have a maximum of three minutes. 



Timeline

Time Frame Activities

2005 – Ongoing Data collection and analyses 

September –
November 2016

Peer review panel meets and provides
evaluation of the peer review draft report

November 2016 –
February 2017

District Governing Board shown the peer 
review feedback and staff’s response; Staff 
prepared the draft report and posted online

Feb. 23, 2017 Public meeting to seek public input 

March 28, 2017 Presentation to Governing Board and request 
for adoption of the proposed minimum flow

April – June 2017 Rule-making process

July 1, 2017 MFL must be adopted as required by SB552 
passed by the State legislature in 2016 

Presenter
Presentation Notes
Just to bring everyone up to speed, the District has been in the data collection and analysis phase of developing this proposed minimum flow since XXXXX. Here is the timeline starting this past fall, with the peer review panel evaluation of the District’s draft proposed minimum flow report. Staff then spent a few months revising the report to take into account the feedback of the panel and other stakeholders. That draft is available on the District’s website for anyone who wants to see it. Next month, our Governing Board will hear a presentation and be asked to adopt the proposed minimum flow. The rule-making process will follow. The MFL must be adopted by July 1 because the Water Bill passed last year requires minimum flows for all first-magnitude springs to be adopted by this date.  



Presenter
Presentation Notes
We know that you’re here today because you care about the Rainbow River. It’s your home, your backyard, your childhood memories, your place of enjoyment and more. The District also cares about the Rainbow River. I wanted to show you this visual to point out that a minimum flow is just one of many tools the District uses to protect springs. There are so many different pieces of the puzzle all working together. I would love to elaborate on these tools, but that’s not why we’re here today. So at this time, I’d like to introduce Kym Holzwart, a senior environmental scientist with the District to share her presentation.  



Proposed Minimum Flow 
for the 

Rainbow River System

Dunnellon City Hall
Dunnellon, Florida
February 23, 2017

Kym Rouse Holzwart
Senior Environmental Scientist 

Presenter
Presentation Notes
Good afternoon and thank you for coming today.  I’m Kym Rouse Holzwart, a Senior Environmental Scientist with the SWFWMD. I have been with the District for about a year and a half. I have over 30 years of experience working in all types of aquatic systems in Central Florida, including extensive experience working in Florida’s springs, including Rainbow.  I have three degrees, two in biology and one in freshwater ecology, from the UCF and am a Certified Senior Ecologist. I started my career at the SJRWMD, was a research ecologist at ORNL in TN, and then worked for various environmental consulting firms for over 20 years.  I am extensively published in the scientific literature on a wide variety of subjects.  I am a many generation native Floridian; in fact, my family is considered one of Florida’s pioneer families, since we were here before Florida became a state. I care so much about protecting Florida’s environment and water resources that I have devoted my entire career to it.



Location of Rainbow River System

Presenter
Presentation Notes
I am sure most of you are familiar with the Rainbow River System, one of the largest spring-fed rivers in Florida.  If not, it is located just down the road in Southwest Marion County, adjacent to the City of Dunnellon.  The Rainbow Springs Group, an Outstanding Florida Springs, forms the headwaters of the river, which flows 5.7 miles south into the Withlacoochee River. The Rainbow River flows into the Withlacoochee just upstream of Lake Rousseau, which is formed by Inglis Dam, constructed in the early 1900s.



• Required by state law for priority springs, 
streams, and rivers [Section 373.042(1), 
F.S.]

• Per SB552, Minimum flow for Rainbow 
River System must be adopted by July 1

Why Establish a Minimum Flow?
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Presenter
Presentation Notes
Minimum flows are required by state law to be established for priority springs, streams, and riversAs Melissa stated earlier, SB552, also known as the Florida Springs and Aquifer Protection Act, which was passed by our legislature last year, requires that the minimum flow for all outstanding FL springs (including Rainbow) be adopted by July 1In other words, the District must establish a minimum flow for the Rainbow River System, and it must be adopted by July 1



• Limit at which further withdrawals would 
be significantly harmful to the water 
resources or ecology of the area

• Established to protect flowing systems 
from damage caused by ground and 
surface water withdrawals

• Protects from significant harm

What is a Minimum Flow?

3

Presenter
Presentation Notes
The legal definition of a minimum flow is the limit at which further withdrawals would be significantly harmful to the water resources or ecology of the areaMinimum flows are established to protect these systems from damage caused by ground and surface water withdrawalsThey protect flowing systems like the Rainbow River from significant harmThere is a lot of gloom and doom misinformation out there that may give you the impression that establishing a minimum flow for the Rainbow River is a bad thing.  I assure you it is a good thing. An adopted minimum flow protects the Rainbow River System. There is absolutely no way I would be standing here talking to you today if establishing a minimum flow was not a good thing and did not protect the river. We are not trying to take water from the river, we are trying to make sure too much water is not taken.



• Must be developed using the best 
information available

What is a Minimum Flow?

• Tool used by the District to:
 Protect water bodies
 Review requests for 

withdrawals of ground 
and surface water

 Plan for future water 
needs
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Presenter
Presentation Notes
Minimum flows must be developed using the best information availableThey are one tool used by the District to protect water bodies, in our regulatory programs, and for water supply planning



Environmental Values Protected 
When Developing Minimum Flows 

• Recreation in and on the water
• Fish and wildlife habitats and the passage of fish
• Estuarine resources
• Transfer of detrital material
• Maintenance of freshwater storage and supply
• Aesthetic and scenic attributes
• Filtration and absorption of nutrients and other 

pollutants
• Sediment loads
• Water quality
• Navigation 5

Presenter
Presentation Notes
Listed here are the ten environmental values included in the state statute that must be protected when developing minimum flows.Some of them are easier to evaluate than others.For example, as I will show you for Rainbow, plenty of information is available to directly evaluate some environmental values such as fish and wildlife habitats and the passage of fish and water quality.Information may not be available to evaluate all of these values, and some may have to be evaluated indirectly.For example, some of these environmental values are important ecosystem functions, such as transfer of detrital material and filtration and absorption of nutrients and other pollutants. These values can be evaluated indirectly.  In other words, if you protect the habitat that performs the function, then you can assume the function is protected; this is something that is commonly done in ecology.In addition, not all environmental values are appropriate for every aquatic system.  For example, because the Rainbow River is located upstream of Inglis Dam, estuarine resources were not evaluated. Bottom line is that the most appropriate environmental values for the particular system are selected to develop minimum flows.



Minimum Flows Criteria
Percent of Flow – Percentage that flow can be 
reduced without reducing the availability of 
habitats or resources by more than 15% or that 
protects 85% of available habitats or resources
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Presenter
Presentation Notes
When we develop minimum flows, we use a percent-of-flow approach to maintain the flow regime.The percent of flow is defined as the percentage that flow can be reduced without reducing the availability of habitats or resources by more than 15% or that protects 85% of available habitats or resourcesI will show you a graph later to better help explain this, but the minimum flow we develop is not a number



Defining Significant Harm
Significant harm threshold:

• Defined as more than a 15% decrease in available 
habitat or resource

• Protects 85% of available habitat or resource

• Developed at suggestion of independent scientists

• Supported by 17 panels of independent scientists 
reviewing proposed minimum flows for other 
flowing systems

• Method used in minimum flows adopted for 3 other 
Outstanding Florida Waters

• Well supported in the literature
7

Presenter
Presentation Notes
As I stated earlier, a minimum flow protects the Rainbow River from significant harm.  Defining the limit at which harm occurs is very difficult since for most habitats and resources, the response to changes in flow is continuous.The District defines significant harm as more than a 15% decrease in available habitat or resource or conversely, as protecting 85% of the available habitat or resource This threshold is not an arbitrary number; it is based on a suggestion of independent scientists about 15 years agoSince then, 17 panels of independent scientists, scientists that don’t work for the District, that have reviewed minimum flows proposed for flowing systems in our District have been supportiveMinimum flows using this threshold have been adopted for 3 other Outstanding Florida Waters: the Weeki Wachee, Chass, and Homosassa Systems This significant harm threshold or similar thresholds are used in minimum flows development throughout the world



How Do Changes in 
Flow Affect Habitat?

Rainbow River System 
Minimum Flow Development:

A Habitat-Based Approach

8

Presenter
Presentation Notes
The District’s approach to developing minimum flows is habitat based.We evaluated many different types of habitats in the Rainbow River System (in the water and next to the water) where fish and wildlife live, as well as many important functions of habitats, including functions for peopleWe determined the amount of habitat available under natural or baseline conditions and then we assessed what would happen if the flow in the river was reduced



• Complex effort since 2005
• Conduct many studies
• Large amount of data collected
• Use best available information

Rainbow River System 
Minimum Flow Development

9

Presenter
Presentation Notes
Developing a minimum flow is a very complicated undertakingWe started this effort 12 years ago, in 2005, and since that time we have conducted many different kinds of studies and gathered a tremendous amount of information about the Rainbow River System We used the data we collected to develop models that realistically represent the systemIn addition to the information we collected, data collected by others was also used to develop the minimum flowFor example, 50 years of continuous flow data, from 1965 through 2015, that was collected by the US Geological Survey were used to develop the minimum flowAs required, we used the best available information to develop the minimum flow



• Habitat in the water for fish, 
crustaceans, snails, and insects

• Sticks, logs, and roots in the water 

Methods Used to Develop 
Rainbow River System Minimum Flow
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Presenter
Presentation Notes
We evaluated instream habitat or habitat in the water for 18 different groups of fish and benthic invertebrates at 3 sites in the river.Benthic invertebrates are things like this mayflies, crayfish, snailsEach of these groups has different habitat requirements for depth, flow, bottom, and coverWoody habitat: sticks and logs, which are commonly referred to as snags, and roots are very important habitat for aquatic life, so we studied the effects of reduced flow on woody habitat at 11 different locations in the river



Inundated floodplain wetlands habitat

Methods Used to Develop 
Rainbow River System Minimum Flow

11

Presenter
Presentation Notes
The floodplain wetlands of the Rainbow River provide very important habitat for all sorts of wildlife, as well as very many important functions, not only for the ecosystem but for peopleWe evaluated how reductions in flow would affect the amount of inundated floodplain wetlands habitatWhat I mean by inundated is the amount of wetlands habitat that gets wet from water from the river



Instream habitat: 
• 18 functional/taxonomic groups, 3 sites
• Habitat availability at two downstream sites not 

sensitive to reductions in flow
• At the most upstream site, largemouth bass fry 

habitat was the most sensitive to reductions in flow
• Flow reduction of 9% was significantly harmful to 

largemouth bass fry habitat

Rainbow River System Minimum Flow 
Development Results

12

Presenter
Presentation Notes
Again, we looked at instream habitat requirements for 18 different groups of fish and benthic invertebrates at 3 sitesAvailable habitat for all 18 groups was not sensitive to reductions in flow at the 2 downstream sitesAt the site most upstream, habitat for largemouth bass fry or baby largemouth bass was the most sensitive to reductions in flowA flow reduction of 9% trips the 15% significant harm threshold for baby bass habitat



Woody habitat:
• At all 11 sites, snags 

not sensitive to 
reductions in flow

• Roots at 3 sites 
sensitive to 
reductions in flow

• For these 3 sites, an 
average flow 
reduction of  9% was 
significantly harmful 
to root habitat 

Rainbow River System Minimum Flow 
Development Results

13

Presenter
Presentation Notes
At the 11 sites we studied, snags were not sensitive to reductions in flowRoots at 3 sites were sensitive to reductions in flowFor these three sites, an average flow reduction of 9% trips the 15% significant harm threshold for root habitat



Inundated floodplain wetlands habitat:

Rainbow River System Minimum Flow 
Development Results

• An average 
flow reduction 
of 5% is 
significantly 
harmful to 
inundated 
wetlands 
habitat 
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Presenter
Presentation Notes
An average flow reduction of 5% trips the 15% significant harm threshold for inundated floodplain wetlands habitatAgain, inundated means wetlands that are wet from water from the river



Water quality not a limiting environmental value:

• Increased nitrate not related to flow but strongly 
dependent on time

• Phosphorus, dissolved oxygen, chlorophyll, and 
water clarity have not changed over time

• With the exception of Blue Cove, river water 
residence times are short, limits phytoplankton 
(chlorophyll) accumulation 

• Research ongoing to investigate effects of Blue 
Cove phytoplankton accumulation on the river

• Filamentous algae abundance may be related to  
flow and is being investigated

Rainbow River System Minimum Flow 
Development Results

15

Presenter
Presentation Notes
We collect a large amount of water quality data in the Rainbow River System, and our analyses of the available data indicate that water quality is not a limiting environmental value; in order words, water quality is protected As many of you know, nitrate levels in the Rainbow River System have increased dramatically over time as a result of human activities. Our analyses demonstrate that increased nitrate levels are generally independent of flow, but strong dependent on time. This is consistent with similar analyses that have been done for other springsRead the restThe abundance of filamentous algae is most likely not related to nutrient concentrations, it may be related to other parameters, including flow, and this is something we are actively studying



Summary of Rainbow River System 
Minimum Flow Development Results 

• 9% allowable flow reduction 
protects instream habitat

• 5% allowable flow reduction 
protects inundated 
floodplain wetlands habitat

• 9% allowable flow reduction 
protects woody habitat

16

Presenter
Presentation Notes
So to summarize, our approach to developing minimum flows is habitat based, and we evaluated many different types of habitatsOf the 18 groups of fish and benthic macroinvertebrates we evaluated, baby bass habitat was the most sensitive to reductions in flowBecause a flow reduction of 9% trips the 15% significant harm threshold for baby bass habitat, a 9% allowable flow reduction protects instream habitatBecause a flow reduction of 9% trips the 15% significant harm threshold for woody habitat, a 9% allowable flow reduction protects woody habitatLastly, because a flow reduction of 5% trips the 15% significant harm threshold for inundated floodplain wetlands habitat, a 5% allowable flow reduction protects inundated floodplain wetlands habitat



Proposed Minimum Flow
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Natural Flow
Recommended Minimum Flow (95% of Natural Flow)

• Protects 95% of natural flow or 5% allowable flow 
reduction due to withdrawals

• Based on habitat most sensitive to reductions in flow: 
inundated floodplain wetlands and on science

• Protects all environmental values evaluated

Presenter
Presentation Notes
The recommended minimum flow protects 95% of the natural flow or is an allowable 5% reduction in flow due to withdrawals.As I stated earlier, we use a percent-of-flow approach, so the proposed minimum flow is a percentage and not a number.As you can see from this graph, the percent-of-flow approach maintains the flow regime or the natural variation, which is important for the health and maintenance of the river system.It is based on the habitat most sensitive to reductions in flow: inundated floodplain wetlandsThe recommended minimum flow is based on sound science and a huge amount of real informationThe proposed minimum flow protects all the environmental values we evaluatedAs I stated earlier, adopting a minimum flow for the Rainbow River is a good thing, it protects the river



Results of Peer Review
• Voluntary peer review of earlier draft report conducted 

in Sept.-Nov. 2016 under the Florida Sunshine Law
 Draft report met the requirements of the law
 Analyses were thorough, scientifically 

reasonable, and based on best available data
 Overall assessment was supportive

• Current draft report and information incorporates 
comments/recommendations from panel and 
stakeholders 

18

Presenter
Presentation Notes
As Melissa stated earlier, a panel of three independent scientists reviewed an earlier draft of our report late last yearThis process was conducted in the sunshine and open to the publicMany of you were involved in this process, which we appreciate.  The panel provided many useful comments, but overall, they stated that… The current draft report and the information we’re presenting today incorporates their comments and recommendationsBy the way, the link to where you can get the report will be provided later, but I have a few hard copies with me if you would like one



Minimum Flow Status Assessments
• Recommend minimum flow 

re-evaluation in 10 years
• Conduct annual status 

assessments and 5-year 
assessments for regional 
planning

• Continue ongoing 
monitoring of water quality, 
flows, groundwater 
conditions, and rainfall

• Study factors affecting 
flows and effects of flow 
changes

19

Presenter
Presentation Notes
Once the minimum flow is adopted, we are recommending that it be re-evaluated in 10 yearsDuring that time, we will continue to conduct our assessments of the system every year, as well as the assessments that have to be done every 5 years for regional water supply planning.We will also continue our ongoing monitoring.  As I already mentioned, we regularly collect water quality data from 5 springs and 8 sites along the river.  Continuous data on flows and water levels are also collected at a few locations by the District, as well as by the US Geological Survey. Ron will talk about it in the next presentation, but there is a large network of groundwater monitoring wells within the Rainbow Springshed, and rainfall data are also collected.As I mentioned, we recently started a study on factors affecting flows and the effects of flow changes on the river system, which will take place over the next few years.Bottom line is that we don’t adopt a minimum flow and walk away.  We are collecting and will continue to collect a large amount of data from the Rainbow River System to ensure that the minimum flow is being met and to continue to improve our understanding of the system and our minimum flow development methods.Thanks for your time and attention and I will turn it over to Ron



By Ron Basso, P.G., Chief Hydrogeologist
Southwest Florida Water Management District

February 23, 2017

MFL Public Workshop

An Evaluation of Hydrologic Changes to Rainbow Springs

Presenter
Presentation Notes
Going to introduce myself and talk a little on my background in groundwater science (32 years, degrees, etc) and why its important to determine how groundwater withdrawals are impacting flows at Rainbow Springs. Major points I want to get across: 1) Groundwater Basins limit regional impacts, 2) Unconfined UFA in our springs region limits groundwater withdrawal impacts due to high recharge and storage (compared to well-confined UFA), 3) Groundwater use is low in our springs region and declined the last 10 years, 4) Rainfall changes cause much greater changes to flow than withdrawals, 5) UFA water level trend the last 25 years is flat or slightly rising, 6) flows are lower post-2000 but not due to GW pumping, and 7) based on groundwater flow model and verified through water budget of the springshed, current impacts range from 1-2 percent.  



What is a Spring?

• A natural opening in the 
ground where water flows 
directly from the aquifer to 
the earth’s surface

• Water exiting a spring is 
groundwater — rainfall that 
has soaked into the ground

• Springs are a common 
feature of karst terrain

Spring vent where 
groundwater 

discharges from the 
aquifer

1

Presenter
Presentation Notes
A spring is a natural opening in the ground where water flows directly from the aquifer to the earth’s surface. A spring can occur individually or as a group of many springs, such as Crystal River/Kings Bay, which has more than 70 spring vents in the system. Florida is lucky to have the largest concentration of springs in the world, which is partly because much of the state is composed of karst terrain. Karst terrain is produced when bedrock — mostly limestone in Florida — dissolves slowly over time as acidic rainwater passes through it. This honeycombed bedrock allows groundwater to enter the Upper Floridan aquifer system and supply the immense amounts of water flowing from our springs here in west-central Florida. This is the same aquifer that provides the majority of the region’s drinking water. 



Location 
of the
Floridan
aquifer

Unconfined 
aquifer 
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Presenter
Presentation Notes
When we talk about springs – we need to talk about the Floridan aquifer since nearly all springs discharge water from the aquifer.  Here’s a map showing the extent of the Floridan aquifer – one of the largest freshwater aquifers in the world - it is largely made up of limestone and averages more than 1,000 ft in thickness. The tan areas indicate where it is unconfined – meaning basically sand at the surface on top of limestone with very little clay separating them.  This results in a unigue geology call karst.  Rainwater percolates the soil and slowly dissolves the rock through time which provides large conduits that supply the water for the springs.  Its where most of our major springs are located and where 80% of our water use comes from in our District.



Karst Geology
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Presenter
Presentation Notes
The Rainbow springshed is dominated by karst geology. The Floridan aquifer is largely unconfined (meaning basically sand on top of limestone with little to no clay separating the surficial sand from the shallow limestone aquifer). It produces sinkholes, large caverns, and conduits in the limestone that yield large quantities of water with very little decline in aquifer water levels (storage in an unconfined aquifer is 1,000 times greater than a confined one). Rainfall seeps into the ground very fast and very quickly makes it way into the Floridan aquifer. Recharge from rainfall is very high in our Northern Basin (avg 15 inches per year), highest in the state. 



Recharge to the Floridan aquifer based on Average 
Rainfall Conditions (USGS Mega Model)

Rainbow Springs

The orange area shows 
the highest recharge
in the State with 10-25 
inches per year. 
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Presenter
Presentation Notes
Where the UFA is unconfined, recharge is very high.  Information from the USGS shows the highest recharge in the state of Florida occurs within the District’s springs region (10-25 in/yr).



Submerged Caverns
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Presenter
Presentation Notes
Examples of Florida karst – Weeki Wachee Springs. High storage compared to well-confined aquifers that lack karst geology.



The largest springs in Florida are located in the 
unconfined UFA aquifer 
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Presenter
Presentation Notes
Most of our Mag 1 springs are located where the UFA is unconfined.



From 1970 to 2010
 Areas in reds, oranges and yellow 
(greatest decline in aquifer water level) 
corresponding to the light blue confined 
areas below 

Marion County

USGS study found greatest declines in aquifer 
water levels in areas with well-confined Upper Floridan
aquifer.
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Presenter
Presentation Notes
One issue that’s recently been raised is that pumping from distant locations such as Jacksonville or Orlando can impact springflow in our Northern District.  The USGS analyzed water level trends in the entire Floridan aquifer from 1970 to 2010.  They found that the greatest declines were in areas where the aquifer is tightly-confined by several hundred feet of clay such as our Southern Groundwater Basin and southeast Georgia/Northeast Florida.  In areas where the Floridan is unconfined (most of our Northern Groundwater Basin), the USGS found little change in water levels which is consistent with our analysis (generally less than 5 ft of change from pre-pumping to current conditions).



Water Level Decline 
in the Upper 
Floridan Aquifer 
since the early 1930s

Rainbow Springs
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Presenter
Presentation Notes
Difference in UFA water levels between predevelopment (circa 1930s) and 2005 conditions.



Unconfined UFA

Well-Confined UFA

9

Presenter
Presentation Notes
The USGS has shown that water level decline in the Floridan aquifer is greatest in well-confined areas where thick clays overlie the top of the limestone. This results in a tightly-confined or pressurized aquifer with very little recharge able to replenish the aquifer from the surface.  Storage in a confined aquifer is 1000 times less than an unconfined one.  This results in different water level responses due to pumping.  In this diagram, the USGS modeled a hypothetical 30 mgd wellfield in NW Hernando County (unconfined aquifer) and NE Manatee County (well-confined aquifer).  You can see how the magnitude of drawdown (water level lowering) is much greater and spreads out much further in well-confined aquifers versus unconfined aquifers.



Weeki Wachee Spring

Kissengen Spring

Weeki Wachee
Spring

Rainbow
Springs

Kissengen
Spring
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Presenter
Presentation Notes
While we know rainfall has had a big impact on springflow, we’re also aware that groundwater withdrawals can reduce flow.  I’m going to present a series of slides where we have analyzed the impact of pumping on springflow in our northern district  - but before I get to that I want to provide some background on the geology of the region that makes it different from other parts of the District and the state.  In our District, the Floridan aquifer is divided into individual groundwater basins that contain their own unique geology and aquifer properties. Our District is divided into the Northern, Central, and Southern Groundwater Basins. In general, the clay that separates the surficial sand from the underlying Floridan aquifer thickens toward the south across our District where it can be several hundred feet thick in our southern basin.  Think of each basin then as individual storage reservoirs or buckets within the Floridan aquifer. Groundwater does not flow between basins. Pumping outside the basin can only affect water levels near the boundary of each one. Our Northern Basin contains all of our 1st magnitude springs. 
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Presenter
Presentation Notes
This is an example of how groundwater impacts in one basin do not affect springflow in another groundwater basin. Kissengen Spring once flowed in the 1930s and 40s but ceased continuous flow in 1950 due to large groundwater extractions associated with unregulated phosphate mining. Its located in central Polk County in the well-confined southern basin. In contrast, Weeki Wachee Spring in Hernando County is located in the northern basin about 65 miles to the northwest where the Floridan aquifer is unconfined. As you can see, groundwater withdrawn in the southern basin has no effect on springflow in our northern basin. And groundwater withdrawals were up to 300 mgd by 1960 in our southern basin (about three times what’s currently pumped in our springs region).



Annual departure in 
rainfall based on radar 
rainfall in springshed

Long-term rainfall trends

Presenter
Presentation Notes
We know long-term declines in rainfall have impacted springflows across the state and among our 1st magnitude springs.  Most long-term springflow records begin in the 1930s-40s when rainfall was much higher across the Florida peninsula.  It’s been especially dry the last 25 years – in fact, the driest quarter century in 110 years of rainfall records.



Recharge = Rainfall - Evapotranspiration (ET) - Runoff

Rainfall = 53 inches
ET = 37 inches
Recharge = 16 inches

Rainfall = 47.7 inches
ET = 35.7 inches
Recharge = 12 inches

Net Result
10% decrease in rainfall (53 to 47.7 in)
25% decrease in recharge (16 to 12 in)

Simple Water Budget

In internally drained areas:  Recharge = Rainfall - ET

Recharge in Springshed = Springflow 13

Presenter
Presentation Notes
A water budget can provide insight on the relative magnitude of stress to the system.  Some have said that rainfall has only declined by 10 or 15% yet flows have changed by 20 to 40% - so the difference must be related to groundwater withdrawals.  In this example above, recharge, which is directly proportional to springflow, is determined by the rainfall minus evapotranspiration and runoff (assuming no change in storage – over the long term this is valid). In internally drained springsheds such as Rainbow springs, there is no runoff so that can be eliminated from the equation.  Previous studies have also shown that ET does not change much from year to year in deep water table environments such as the Rainbow springshed.  So you can see that a 10% change in rainfall can lead to as much as a 25% change in recharge.  And since recharge is proportional to springflow, a 25% change in flows.



2011 Estimated & 
Metered 

Groundwater 
Withdrawals

NTB WUCA

SWUCA
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Presenter
Presentation Notes
Groundwater use in the SWFWMD in 2011.  About 85% of total GW use occurs in our District from Pasco County southward (not in our springs region).



Groundwater Withdrawals in District’s Northern Region

Declining Trend
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Presenter
Presentation Notes
Groundwater withdrawn in our Northern region represents only 15% of the total pumped in the District.  Groundwater withdrawals have declined by about 20% over the last 10 years due to increased conservation and slower population growth.  



Northern Region Per Capita vs Population
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Presenter
Presentation Notes
Conservation efforts have reduced per capita water use by 30% since 2000.



Rainbow Springshed Groundwater Withdrawals

Declining Trend

Springshed Pumping History (1992-2014)
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Presenter
Presentation Notes
Groundwater withdrawal history in the Rainbow Springshed. Withdrawals have declined since reaching their peak in 2006. Current withdrawals are about what they were in the mid-1990s.



Rainbow well near Dunnellon 
Water level trend from 1965-2015 and 1990-2015
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Presenter
Presentation Notes
Long-term decline in UFA water levels at the Rainbow Springs nr Dunnellon well.  Water level trend last 25 years is flat. Most of the long-term decline occurred prior to 1975 due to lower rainfall today compared to the 1960s.



Water Level Change from 16 monitor wells (1990-2010)
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Presenter
Presentation Notes
Based on trends from 16 monitor wells from 1990-2010 over both the Rainbow and Silver springsheds, water levels in the UFA from all wells slightly increased. This is important because as flows have declined post-2000, water levels in the UFA have remained stable or slightly increased.  If groundwater withdrawals were lowering flows post-2000 by 50-100 cfs, this would be reflected in a downward trend during this period.



Rainbow Springs Flow versus UFA water Level 
at Rainbow well near Dunnellon
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Presentation Notes
This is a plot of Rainbow springflow versus the water level in the UFA at the Rainbow Springs well.  The blue line is the well water level.  The orange line is average monthly flow at Rainbow Springs.  You can clearly see that post-2000, the flows decreased relative to the same water level elevation in the UFA. This suggests some factor other than rainfall and groundwater withdrawals, which both influence water levels in the UFA, are causing flows to be lower post-2000. The District recently funded installation of a second flow measuring station closer to the headsprings to see if this flow decline is verified.  We’re also funding additional studies to measure river velocity and model flow in the river similar to what is being done by UF on the Silver River.



Rainbow Spring Flow and UFA Water Level (1990-2015)

21

Presenter
Presentation Notes
Water level trend at the Rainbow well in the UFA versus flows at Rainbow Springs since 1990.  While water level trends are flat or increasing slightly in the UFA, flows are lower post-2000 in the Rainbow River. This again suggests some other factor besides withdrawals or rainfall is causing flows to decrease post-2000.



Layer 1 – Surficial Aquifer

Layer 2 – Intermediate Confining Unit (Hawthorn)

Layer 3 – Upper Floridan Aquifer (Suwanee)

Layer 4 – Upper Floridan Aquifer (Ocala)

Layer 5 – Upper Floridan Aquifer (Upper Avon Park)

Layer 6 – Middle Confining Unit

Layer 7 – Lower Floridan Aquifer (Lower Avon 
Park/Oldsmar)

Northern District Model (Version 5.0)

Presenter
Presentation Notes
NDM 5 regional groundwater flow model.  Original model built in 2008. Model used cooperatively by SJRWMD and SWFWMD for springflow impacts. Peer reviewed by Dr. Mark Stewart, P.G. and Dr. Pete Anderson, P.E. A tremendous amount of hydrologic and geologic data was utilized to construct and calibrate the NDM.  The SWFWMD utilized hydraulic and geologic information from more than 50 Regional Observation and Monitoring-Well Program (ROMP) sites in the SWFWMD model area. At most sites, coring of the earth materials occurred from land surface to more than 1,000 feet below land surface. Aquifer permeability was tested via slug tests and packer tests at specified intervals within each aquifer.  Monitor wells were installed in each aquifer to measure water levels through time.  The SWFWMD installs continuous recorders or manually measures these monitor well water levels every month. This data is stored within a water management information database at SWFWMD with some of the wells having a water level history of 30 to 50 years.  Aquifer performance tests were conducted at some of the sites to measure water level response in the UFA from temporarily pumping it at high rates.  All of this information assists District scientist’s in understanding how the aquifer system responds to groundwater withdrawn and helps us build better models.



Sites where geologic and hydraulic data was used for the NDM5
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Presentation Notes
ROMP data-collection network across the District.



Cross-section of groundwater units across 
Citrus, Sumter and Marion counties
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Presentation Notes
District scientists are able to construct maps of the groundwater system based on the ROMP data collection.  This is a cross-section (slice of the earth) showing groundwater units across Citrus, Sumter, and Marion Counties. This information goes directly into our regional groundwater flow models (layers and hydraulic properties).



Rainbow Spring Flow Change from 
Groundwater Withdrawals

Note: Groundwater  withdrawal impact based on Northern District Model Version 5

Year 
Model GW 

Withdrawals 
(mgd) 

Non-
pumping 

flow 
(cfs) 

Pumping 
Flow 
(cfs) 

Difference 
(cfs) 

Difference 
(percent) 

2010 479.1 659.58 651.37 8.21 -1.2 
2014 403.9 659.58 653.51 6.07 -0.9 
2035 635.1 659.58 643.94 16.18 -2.5 

2035 with 
Conservation & Reuse 576.6 659.58 646.13 13.45 -2.0 

 

Dr. Stewart indicated in his most recent peer review that the “NDM, Version
5.0, is the best numerical groundwater flow model currently available for
assessing the effects of withdrawals in the central (Florida) springs region.”
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Presentation Notes
NDM 5 model predicted springflow decline due to cumulative 2010, 2014, and projected 2035 groundwater withdrawals.  We run the model with all pumping removed and then under 2010 or 2014 pumping conditions – we take the difference between those two runs to note the change in springflow due to current withdrawals.



Summary
• Rainfall deficits have contributed to most of the lower springflow

since the 1960s

• Geology and relatively low groundwater use have led to small flow 
changes of one to two percent compared to flow changes caused by 
below average rainfall and other factors

• Springflow is lower post-2000 but not due to groundwater 
withdrawals

• Current groundwater use is lowest since the mid-1990s due to water 
conservation and slower population growth

• No recovery or additional prevention strategy is needed at this time 
based on current springflow decline of 1 to 2 percent due to 
withdrawals. This is projected to increase to 2.5 percent in 2035. 26



Questions and Comments

Webpage:
WaterMatters.org/Rainbow

Contact Information:
Kym Rouse Holzwart, Senior Environmental Scientist

Southwest Florida Water Management District
2379 Broad Street, Brooksville, FL 34604-6899

Phone: 1-800-423-1476 or 352-796-7211, Ext. 4295
Email: Kym.Holzwart@watermatters.org

Please note: Anyone wanting to ask questions or provide comments will 
need to fill out a blue card. Blue cards are available in the lobby and should 
be turned into Melissa Gulvin. There is a limit of three minutes per speaker. 
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