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Thank you for joining this presentation. My name is Todd Kincaid. I am a hydrogeologist and long-time 
Florida cave diver. I started a geological modeling company 12 years ago so that I could focus my work 
as much as possible on understanding and protecting Florida Springs. I have been working with many 
fine people on this effort ever since including the non-profit organizations Global Underwater Explorers 
and the Hydrogeology Consortium as well as the Florida Geological Survey and the Florida DEP. Iôm very 
happy to join Bob Knight and the Florida Springs Institute in continuing that work.  
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I think if Wes was here with us, heôd tell us that the time for study, review, and consideration is long past ï that 
it is time to act. Heôd say what we all know ï that our springs and rivers are severely impacted, that in their 
former state, they are jewels unique to the world, and that we as stewards of these natural gems are obligated 
to protect them such that our children and childrenôs children can experience them the same way that we have. 

I met Wes for the first time nearly 25 years ago. I was an undergraduate geology student at the University of 
Florida taking my first groundwater classes. Our professor invited him to come in and share some of his videos 
with us. He wasnôt there to talk about the science of groundwater. He was simply there to show us what the 
aquifer really looked like ï from inside ï and I could tell that he was there because he knew these places were 
threatened and he hoped that by showing us what they really looked like, that we may one day help save them. 
I probably appreciated those videos more than most of my fellow students because by that time I was an avid 
cave diver myself and was diving in some of the same caves in his videos 3-4 times per week. 

Our professor also invited respected groundwater professionals to our class from many of the agencies that are 
tasked with managing groundwater in Florida. The most significant thing I remember from those presentations 
is that when asked about caves, many dismissed them as irrelevant and some even claimed that Wes had 
fabricated his videos ï ñHollywood styleò and that those caves simply didnôt exist. 

So, throughout most of the past 25 years, the groundwater profession has treated caves in the Floridan aquifer 
as either irrelevant or non-existent despite being repeatedly wrong about predictions of groundwater flow 
directions and velocities ï the most fundamental variables in groundwater management. Thankfully, most of us 
finally believe what Wes knew and had been showing us for so long. But even still, most of our groundwater 
management efforts continue to be based on theories and techniques that disregard the caves.  

It is terribly unfortunate that we treated caves as irrelevant for so long, but even worse, if we donôt change our 
ways ï in terms of how we measure, manage and model groundwater in north Florida, to address the caves 
that we now all know exist, weôll loose our springs forever. 
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The total amount of groundwater available in any springshed is only equal to the amount of recharge that 
occurs within its boundaries. Measuring that recharge directly is difficult but we can know what it must be 
at a minimum by measuring the spring discharge. Groundwater levels within the springshed mark the 
amount of storage available to the springs when recharge is diminished. All extractions that occur within a 
springshed diminish the available storage by the amount of water withdrawn, which will then diminish the 
spring flow. If this process is not managed sustainably, we will mine all of the storage and ultimately all of 
the spring flow as well.  
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A water budget is exactly like a financial budget. The amount we make equals the amount we spend + the 
change in our savings. If we spend more than we make, we deplete our savings. If we continue that 
practice long enough, we go broke.  

In groundwater, the amount we receive in recharge = the total amount of discharge (spring flow + 
extractions) + the change in aquifer storage. If we extract more than we receive in recharge, we will 
deplete storage. If we continue that trend long enough, we will mine all of the groundwater out of the 
aquifer. During droughts, continued spring flow depletes aquifer storage. As the storage goes down, so 
does the pressure in the aquifer that drives the spring flow. The loss in pressure reduces the spring flow 
and if the drought persists, groundwater levels (aquifer pressure) will fall far enough to cause the springs 
to stop flowing. 

Any extractions beyond the natural spring discharge will deplete aquifer storage causing a decrease in 
spring flows. If we manage our extractions such that the total discharge is less than or equal to recharge, 
we will achieve a balance in the aquifer such that water levels and spring flows do not continue to decline. 
If on the other hand, we extract too much, both will continue to decline until both the storage and the 
spring flows are depleted.  
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These are the problems I believe we are currently experiencing and must confront. The rest of the 
presentation elaborates on each challenge that we must play a part in overcoming.  
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This is a historical record of groundwater levels at a USGS monitoring well in Lake City Florida that 
extends from 1948 through 2010. The ups and downs mark seasonal variability created by the storm-
driven precipitation in the Suwannee River Basin. The troubling trend is marked by a continuous overall 
decrease that can be easily and intuitively discerned by simply tracing your finger along all the peaks or 
troughs in the seasonal fluctuations.  

We can also apply a trend fit to the data, which reveals a consistent overall decline of 0.1 feet per year 
throughout the record. Another way to look at the data, although inaccurate, is to calculate and plot a 
simple average for the data and then falsely note that there are still some parts of the seasonal 
fluctuations that plot above average. The reality however is that if left unchecked, we will need to see 
bigger and bigger storms to achieve groundwater levels that plot above this average. Inaccurate data 
analysis will not change the fact that this graph clearly shows ï weôre mining groundwater in the 
Suwannee River basin and have been doing so for quite a while.  
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Hereôs another way to look at the same chart in which Iôve plotted the running average (average 
groundwater level to the given year) as purple dots on top of the graph. Here we can see a nearly 
continuous decline in the average groundwater level in the well as time progresses and that weôve lost 
nearly 3 feet of storage (groundwater level) since 1970.  
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Another way to assess our water budget performance is to look at long-term records of river flows. 
Instead of looking at the flow directly though, weôll look at how the river flow changes between upstream 
and downstream stations through time. If flow in the downstream station is greater than the upstream 
station, we describe the river as gaining (receiving spring flow). If the reverse is true, we describe the river 
as loosing. By comparing the historical records, we can learn how the degree to which the rivers gain or 
lose water has changed through time. 

Worthington Springs and Fort White are upstream and downstream stations on the Santa Fe River. Bell 
and Wilcox are upstream and downstream stations on the Suwannee River.  
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This plot shows the difference between flow measured at the upstream and downstream stations on the 
Santa Fe River (Worthington Springs ï Fort White). Though the numbers fluctuate, the bulk of them 
consistently plot above 0 revealing that the Santa Fe River has been a gaining stream overall throughout 
the historical record. The plot also shows however, that the amount of gain has consistently declined 
throughout the record ï by approximately 4.2 cfs per year from 1932 to 2010. If we compare the average 
gain during the first 20 years of the record with the average gain for the last 20 years of the record, we 
would see that the Santa Fe River has lost 285 cfs ï or the equivalent of almost 3 first magnitude springs.  
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The record in the Suwannee River is not as complete at the upstream (Bell) gauge so weôll compare the 
early-time record (1941-1956) with the late-time record (2000-2011).  
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This plot shows the difference between the upstream and downstream gauging stations for the early-time 
record (black) and the late-time record (red). During the early-time period, this section of the Suwannee 
River was a gaining stream with an average gain of 686 cfs/year and it was, on average, increasing in 
gain at a rate of 5.8 cfs/year. The late-time record shows quite the opposite where this section of the river 
has become a losing stream with an average loss of -95 cfs and it is losing more through time at an 
average rate of -20 cfs/year. Thatôs a total loss of almost 800 cfs from the river between the two time 
periods wherein the average rainfall for the two periods was essentially the same.  
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The previous plots clearly show an impact to groundwater levels and river flows but we cannot discern 
where the impacts are occurring because we are not collecting sufficient spring flow data. This plot shows 
what such data would look like. It provides two continuous records of spring flows in the Edwards aquifer 
of Texas. This is the kind of continuous data we need if we are going to be able to understand how our 
actions (groundwater pumping) are impacting specific springs. If water resources managers are 
progressive enough to implement this data into the state's long term water budget planning in Texas, we 
can, and should do the same in Florida.  

 



FL Springs Institute / 3/21/11 Kincaid ï Water Budget Approach to Groundwater Resource Management 

        GeoHydros 
13 

 

Weôve now seen that both aquifer storage and spring flows are in decline. We cannot definitively say that 
those declines are due to pumping but é we do know that permitted pumping extractions from the 
Floridan aquifer in the Suwannee River Basin have risen exponentially since the early 1980ôs and are 
currently about 1950 cfs, which is approximately ½ the base flow of the Suwannee River at the Wilcox 
station.  

 


