
From: Angel Martin
To: Kristina Deak
Subject: Upper Peace River Peer Review Kickoff Proposed Minimum Flows-Jan. 16, 2026
Date: Friday, January 16, 2026 1:16:44 PM

[EXTERNAL SENDER] Use caution before opening.
Concerning the subject Upper Peace River proposed minimum flows kickoff meeting, the following
summarize my comments.
 

1.       Some additional explanation is needed concerning the selection of the three index gaging
stations. Are the period of available flow and stage record the same for all three stations? It
appears that the USGS has changed and modified the technology for measuring streamflow
during the period of record. This record should be examined in order to determine and
appreciable changes in the record and whether the record from each gaging station can be
directly compared or whether any adjustments need to be considered.

2.       One of the items discussed near the end of the presentation concerned the “Monitoring
Network”. Some discussion is needed concerning the possible addition and/or modifications
to the present network. For example, would additional streamflow or stage stations be
needed for determination/verification of proposed minimum flows.

3.       Additional discussion is needed concerning the groundwater/surface-water interaction of
the Upper Peace River. Are there river segments that lose more flow to groundwater system
than other segments? How do river segments with varying gain/loss characteristics affect
proposed minimum flows?

 
Thank you for the opportunity to comment on the proposed minimum flows for the Upper Peace
River. Please contact me if you need any clarification concerning these comments or additional
information.
 
__________
Angel Martin
813-767-6944
 

mailto:amartin217@tampabay.rr.com
mailto:Kristina.Deak@swfwmd.state.fl.us
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S. Flannery #1  - Technical input prepared for the January 23rd meeting of the 
scientific review panel for the draft Upper Peace River minimum flows report 

Submitted by Sid Flannery 

Overview 

Similar to my verbal comments to the scientific review panel on January 16th, 2026, this memo 
starts by discussing mathematical uncertainties in the modeling approach used to determine 
whether the Upper Peace River is currently meeting the proposed minimum flows.  It also 
discusses how some graphics and tabular information presented in the draft District report, do 
or do not, indicate the proposed minimum flows for the Upper Peace River are currently being 
met. As will be discussed, it appears to me that the proposed minimum flows are not being met 
for much of the time at the Bartow and Ft. Meade gages.  However, I suggest there is a 
technically sound approach for the minimum flows that can be pursued that would make water 
supplies available while minimizing impacts to the ecology of the Upper Peace River.  

Mathematical approaches used in the modeling of baseline flows in the Upper Peace River 
that would result from reductions in groundwater withdrawals. 

The Upper Peace River is a very complex system for the modeling of groundwater interactions 
with streamflow, in large part because of the extensive physical alterations to its watershed, 
particularly widespread phosphate mining as mined lands currently comprise 25% of upper river 
basin. Much of these mined lands are in very close proximity to the river, including large areas 
of clay setting ponds which have very little recharge to the Floridan aquifer and also disrupt 
localized groundwater flow to the river.   

There have been large changes in groundwater use in the upper river basin, much of which 
occurred when water use records were not nearly as complete as today.  Given these factors, for 
the modeling of changes in groundwater interactions with the river and the calculation of 
baseline flows, the Upper Peace River represents one of the most complex basins in the District.   

The consultants who worked on the Peace River Integrated Model (PRIM2) made a series of 
assumptions and mathematical estimates that could be applied in the modeling process to 
estimate baseline flows.  Section 5.4 in the District report describes three steps that were taken 
to facilitate the modeling used to estimate baseline flows the Upper Peace River corrected for 
the effects of groundwater withdrawals. 

1.  The PRIM2 model was run for existing groundwater pumpage rates and a 50 percent 
reduction in groundwater pumpage for the years 2003 to 2018.   Daily streamflow values 
generated by the modeling were then averaged to monthly flow values within each of the 
simulation years.   
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2. The monthly differences in flows between these two scenarios where then doubled to 
estimate flows for no withdrawal conditions. 

Comment – It seems odd to assume that the effect on river flow between the 100% 
groundwater pumping scenario (existing withdrawals) and the 50% pumpage reduction 
scenario would be the same as the effect between the 50% reduction scenario and a 
complete elimination of withdrawals. The District claims the relationship between 
groundwater levels and streamflow is linear, but it seems that as groundwater levels 
become much higher with a complete elimination of withdrawals, in some areas rising 
above the bed of the river, the rate of streamflow increase would rise.  

3. Because the PRIM2 model was only run for the years 2003 to 2018, adjustments were needed 
to simulate baseline flows for the desired period of 1975 to 2022.  So, yearly adjustment rates 
were determined by dividing the estimated total groundwater use in each of the baseline years 
to average water use for the 16-year PRIM2 modeling period.  These yearly adjustments were 
then applied to the average monthly adjustment factors for the PRIM2 modeling period, then 
these final factors were applied to the daily gaged record of the river to estimate daily baseline 
daily flows for the 1975 – 2022 period. 

I don’t know why the District wanted to have such a long period of baseline flows for the 
minimum flows analysis, as other minimum flows assessments have used shorter periods of 
record.  Although it may have some attributes, the estimation of baseline flows going back 
nearly fifty years poses challenges which calls for some assumptions and adjustments.  I think 
the three types of adjustments described above have considerable mathematical uncertainty 
and potential error, and the estimated long-term baseline flows using this method should be 
viewed as approximations.   

The streamflow estimates for the 2003 to 2018 period that were directly modeled should be 
more accurate, but the Upper Peace River basin has experienced large physical alterations, 
including to its near surface geology in some areas,  for which the effects on streamflow could 
be difficult to simulate. 

As I said on January 16th, for evaluating the effects of human caused changes to flows in the 
Upper Peace River, these modeled changes in flows should be considered along with the data 
we have for flow trends in the river, the occurrence of karst features in the both the river 
channel and its floodplain, and the large physical alterations of the watershed including the 
widespread clay settling ponds  many of which are very near the river.   Declining flows in the 
Upper Peace River have been described by many studies, and all of these factors should be 
considered to determine if flows in the Upper Peace River have sufficiently rebounded from 
previous impacts and are now within the proposed minimum flows for the upper river. 
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The District report does provide some useful graphics of the modeled baseline flows versus the 
gaged flow records for the river that are helpful for assessing this question. A hydrograph for the 
Ft. Meade gage taken from Figure 5-9 in the draft District report is reprinted below, showing 
median flow values for each day of the year for both the modeled baseline flows and the gaged 
flows for the river at that site. 

 

Figure 1. Median daily flows for the baseline flows and the gaged flows for the Peace River at 
Ft. Meade gage calculated for the years 1975-2022.  Taken from Figure 5-9 in the 
draft District report.  

From this graphic it appears that at least for daily median flow conditions, the gaged flows at Ft. 
Meade are already below the baseline flows more than the proposed minimum flows would 
allow for much of the year.  For example, the proposed minimum flows at Ft. Meade allow for a 
12% flow reduction at flows between 21 and 120 cfs, and a 10% reduction at flows between 120 
and 529 cfs.  For many of the days it appears the difference between the daily median baseline 
flows and the median gaged flows exceed these percentages.   

 

 

 

                                            Text continues on the following page 
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Other useful graphics in the draft District report are flow duration curves for baseline flows and 
gaged flows.  Figure 6-6 for the Ft. Meade gage taken from the District report is shown below.  
The Y axis is on a semi-log scale, so additional tic marks and cross hatching in the figure would 
be helpful to identify the flow quantities.   However, for much of the flow range it appears that 
gaged flows are less than the baseline flows by amounts exceeding the percentages allowed by 
the proposed minimum flows.  In my final review of the report, I am going to request that the 
scale for the Y axis in this figure be improved and flow percentiles values for these two flow 
scenarios be reported in a table in five percentile increments. 

 

 

 

 

 

 

 

 

 

 

 

 

Given these results and what is widely known about the physical alterations and impacts to 
flows in the Upper Peace River that have been reported in previous studies, I think the 
statement by the District that the Upper Peace River is meeting its minimum flows at the 
Bartow and Ft. Meade gages is not supported by the material presented in the report.   

In that same regard, the material presented in Chapter 7 (Minimum Flows Status Assessment, 
Implementation, and Conclusions) is much too brief as this chapter is only two pages long.  On 
page 233 It contains a three-sentence paragraph that states that the recommended minimum 
flows for the upper river are currently being met, with the first two sentences reprinted below.  

“Table 5-6 presents estimated monthly adjustment flows due to withdrawal-related    
effects over a 16-year assessment period. Collectively, these findings indicate the 
recommended minimum flows for the Upper Peace River are currently being met.”
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Table 5-6 referred to in this paragraph is reprinted below. First, the heading of the table is unclear and 
needs to be revised.  However, the text on page 179 states these are the monthly adjustment rates for 
a zero-pumping condition (baseline flows) for the modeling period from 2003 to 2018.  As described 
earlier, these values were based on doubling the differences between the 100% (existing) and 50% 
pumping reduction scenarios, which I think may underestimate the true adjustment rate.    

 

 

 

 

 

 

 

 

 

 

 

Whether these are underestimates or not, the values in this table indicate that the minimum flows at 
the Bartow and Ft. Meade gages are not being met for much of the year.   For example, the amount of 
flow reduction allowed in the medium flow block in the proposed minimum flow rule for the Ft. Meade 
gage is 12% at flows between 21 and 121 cfs.  The median flow at Ft. Meade for this same 16-year 
period was 70 cfs or midway in this range.   How can the yearly average flow adjustment of 17.14 cfs for 
Ft. Meade at the bottom of Table 5-6, which equals 24% of the median flow for the river at the Ft. 
Meade gage during that period, not result in flow reductions greater than the minimum flows for much 
of the year.  

Similarly, the median flow for March at Ft. Meade during that period was 30 cfs.  How can an average 
flow adjustment of 13.66 for March not greatly exceed the allowable flow reductions during that 
month for much of the time.  The middle flow range is used as an example, and exceedances of the 
allowable flow reductions in the higher flow ranges at Ft. Meade (10 and 7 percent) probably 
frequently occur as well.    

In sum, the legend for Table 5-6 is unclear, but more importantly, the rationale that the values in this 
table support the statement that the Upper Peace River is meeting its minimum flows is either flawed 
or needs more explanation.  At this time, I don’t think the results provided in this report indicate the 
proposed minimum flows for the Upper Peace River are being met at the Bartow and Ft. Meade gages.
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Management applications  

On a related note, how would the information presented in Table 5-6 be used to regulate new 
withdrawals from the Upper Peace River and determine new allowable percentage withdrawals 
that account for the existing flow reductions in the river.  As the report points out on page 17, 
the percent-flow-approach is currently used to regulate large withdrawals on three rivers in the 
District; the Lower Peace, the Lower Alafia and the Little Manatee Rivers.  The percent-of-flow 
approach has been widely viewed as success, using a progressive method to meet water supply 
and also protect the environment. By the way, I worked extensively on the ecological and 
hydrologic justification and regulatory limits for applying the percent-of-flow approach on these 
rivers.  

In all of these of three rivers, the daily withdrawals are based as a percentage of the preceding 
day’s flow at a nearby gage, which as the report correctly points out, is how percent-of-flow 
approach is supposed to be applied.  Based on the findings presented in the draft report, it is 
unclear how the District would determine allowable percentage withdrawal schedules for new 
water users based on flows at the Bartow or Ft. Meade gages, but a method could be derived, 
possibly using a ratio of gaged flows to baseline flows. 

An alternative, technically sound plan for the minimum flows and water supply on the Upper 
Peace River 

I believe there is a reasonable, technically sound solution to the determination and application 
of minimum flows for the Upper Peace River.  In 2018, I submitted to the District a report I 
prepared that evaluates a watershed based approach for obtaining water supplies from the 
Peace and Alafia Rivers.   This report was uploaded to the District minimum flows webboard 
along with this technical memorandum (S. Flannery #2- Report, Watershed based approach for 
withdrawal sites on the Peace and Alafia Rivers). 

That report points out that as the Peace River progresses downstream from Ft. Meade, the 
impacts to flows proportionately diminish, the flow regime of the river greatly improves, the 
morphology of the river and floodplain change, and potential for obtaining water supplies from 
the river without causing significant environmental harm increases.   

The District report cites my report and on pages 64 to 67 presents updated flow statistics for 
gages on the Upper Peace River similar to the information that I presented.  In relation to using 
the Upper Peace River for water supply, Table 2-9 in the District report lists the median flow at 
Zolfo Springs at 250 cfs, compared to 78 cfs at Ft. Meade and 56 cfs at Bartow.  To maximize 
both water supply yields and environmental protection, it makes sense to obtain water supplies 
from the Upper Peace close to Zolfo Springs.   
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Again, I don’t think the data and information presented in the District report indicate the Upper 
Peace River is meeting the proposed minimum flows at the Bartow and Ft. Meade gages.  
Knowing the extensive physical changes and impacts in the northern reaches of Upper Peace 
River, I believe that any new withdrawals should not be allowed in those reaches of the river.  

This is supported by what appears to be a technically sound conclusion that the river reaches 
associated with the Bartow and Ft. Meade gages are not meeting their proposed minimum 
flows.   Conversely, new withdrawals could be considered near the Zolfo Springs gage.   I suggest 
that the findings provided in the District report actually support this conclusion and the report 
could be revised accordingly, as this would be a much better application of the minimum flows 
for the Upper Peace River.   

 

 

   



SF #2   - Verbal comments planned for the January 23rd meeting of the Upper Peace  River 
minimum flows scientific review panel that was canceled 

Submitted by Sid Flannery 
Note:  To put my documents in one place, the two documents referred to in first sentence below have been 
included with three new documents made available via a post to the WebBoard on January 30, 2026. 

This morning the District uploaded to the minimum flows WebBoard two documents that I hope you can 
carefully consider.  They should appear under the public comments topic for the Upper Peace River minimum 
flows.    The first is a 7-page document I recently prepared with questions and comments pertaining to the 
District’s draft minimum flow report (Document SF-1 in post on January 30th).    

This document covers four basic topics.  As I described last week, the modeling of reductions in baseline flows 
includes considerable mathematical uncertainty, and when evaluating if the Upper Peace River is now meeting 
the proposed minimum flows, the District should consider all the information for the upper river including 
trends in the flow data, the karst features that have formed in the river channel and floodplain, and the large 
physical alterations to the watershed, particularly the extensive phosphate mining and old clay settling ponds 
that are in  close proximity to the river channel. 

Secondly, there are graphics for baseline and gaged flow conditions in the District report that in my view 
indicate the upper Peace River is not meeting the proposed minimum flows at the Bartow and Ft. Meade gages 
for much of the time.  I reprinted two of those graphics in my document, which I think supports such a 
conclusion  

Also, there is three sentence paragraph in Chapter 7 of the District report that states the minimum flows are 
being met in the Upper Peace River and refers to Table 5-6 to make this point. I reprinted Table 5-6 in my 
document and point out that the heading of the table is unclear and needs to be revised, but if that Table 
shows what the text says it does, it indicates to me that the upper river is not meeting the proposed minimum 
flows for much of the time at the Bartow and Ft. Meade gages. 

Finally, I think there is a technically sound, reasonable solution to the Upper Peace River minimum flows that 
makes water supplies available and minimizes potential harm to the upper river ecosystem.  In 2018 I 
submitted to the District a report I prepared about a watershed based approach for evaluating potential new 
surface water withdrawal sites on the Peace and Alfia Rivers. It was also loaded to the minimum flow 
WebBoard today and I hope you can look at it (Document SF-3 in post on January 30th).   

That 2018 report makes the point that flows in the Upper Peace River have been highly impacted, but the flow 
regime of the river improves as you progress downstream.   As my recent document states, that 2018 report 
also concludes that withdrawal sites and obtaining water supplies near Zolfo Springs are feasible, but 
withdrawals farther upstream in the Upper Peace River should not be allowed.   

This plan is supported by what I think is a technically sound conclusion that the Upper Peace River is not 
meeting the proposed minimum flows at the Bartow and Ft. Meade gages, but is at the Zolfo Springs gage. By 
the way, with regard to water supply considerations, the median flow at Zolfo Sprigs is 250 cfs, compared to 78 
cfs at Ft. Meade at 56 cfs at Bartow.  For this and other reasons, such a plan is technically sound, is based on a 
careful evaluation of the hydrologic and ecological data, and makes a whole lot of sense.  
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Summary and Dedication 

Dedication  -  This report is dedicated to the life and work of Ellis Lanquist (1924 – 2006).   As a 
young World War II veteran, Mr. Lanquist studied freshwater biology at the University of Florida.   
His 1953 Master’s Thesis, A Biological Survey of the Peace River, Florida, and contributions to the 
subsequent reports by the Florida State Board of Health are important documents that describe the 
ecology of the Peace River and impacts to the river to that point in time (Lanquist, 1953; FSBH, 
1955B; 1955C).  Mr. Lanquist later served for many years as an admired and highly regarded 
teacher, coach, and administrator at Bolles High School in Jacksonville, Florida.   

Summary 

This report discusses how the hydrologic and ecological characteristics of the Peace and Alafia 
Rivers are related to obtaining new water supplies from these rivers without causing adverse 
environmental impacts.     A watershed-wide approach is used to identify reaches on each river 
where water supply availability can be maximized while minimizing the potential for 
environmental harm.    These concepts are also briefly discussed with general application to other 
rivers in the region.  

With regard to flow reductions, the Upper Peace River is one of the most impacted river reaches in 
Florida with the primary human causes being groundwater drawdowns, cessation or reduction of 
point sources discharges, and physical alterations of its drainage basin including extensive 
phosphate mining in close proximity to the river channel, much of which occurred when the 
regulations for mining were non-existent or not as rigorous as today.  The Upper Peace River is 
currently not meeting minimum low flow rules established by the Southwest Florida Water 
Management District (SWFWMD) at the Bartow, Ft. Meade, and Zolfo Springs streamflow gages.    

The river gains considerable flow and is less impacted farther downstream due to flow 
contributions from Payne, Charlie, Horse, Joshua and Shell Creeks.  The physical and hydrogeologic 
characteristics of the river basin and the morphology of the river channel and its floodplain change 
downstream as well.  In general, the ability to achieve new water supplies from the Peace River 
without causing adverse environmental impacts greatly increases progressively downstream.  

With the possible exception of the diversion of extremely high flows that cause flooding problems 
in uplands, this report concludes there should be no new withdrawals from the Peace River or its 
tributaries above the confluence with Payne Creek.  Withdrawals during high flows between Payne 
Creek and Zolfo Springs could be feasible for purposes of flow restoration of the Upper Peace 
River.    During times of very low flow, flow supplementation of the Peace River just below Bartow 
would help fill the cavities and voids in the aquifers underneath the upper river that have been 
caused by groundwater drawdowns and allow the river flow to recover more quickly when surface 
runoff resumes.  
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New withdrawals from the Peace River during high flows for water supply should only be 
considered farther downstream, at least to below Charlie Creek, in order to increase the amount 
of water supplies that can be obtained without causing environmental harm.    Any withdrawals 
from the river above Arcadia would have to comply with minimum flows for the Middle Peace 
River, which contain more restrictive flow reduction percentages than the minimum flows for the 
Lower Peace River farther downstream. 

The optimal location for maximizing water supplies from the Peace River while minimizing the 
potential for adverse environmental impacts is at or near the location of the Peace River Manasota 
Regional Water Supply (PRMRWSA) facility, located 19 miles upstream of the mouth of the river 
near Ft. Ogden.  Withdrawals at this location, which is in the tidal portion of the river, are in 
compliance with the adopted minimum flows for the Lower Peace River.  Importantly, withdrawals 
at this location do not affect the upstream freshwater reaches where there have been previous 
impacts to the river’s flow regime.   Similarly, any withdrawals from the middle river would have to 
comply with the cumulative flow reduction limits established by the minimum flows for the Lower 
Peace River, so it would be better ecologically to make the withdrawals downstream.  

The SWFWMD is proposing to reevaluate and possibly adopt revised minimum flows for the Lower 
Peace River in the year 2020.  The existing legal use by the PRMRWSA should have first priority 
and might require all the allowable flow reductions at low and medium flows to meet their water 
supply demands.  However, on days when the PRMRWSA does not withdraw all their percentage 
allotments of low and medium flows, withdrawals of the remaining water could be coordinated 
and implemented for other users on a short-term basis.  In addition, pending the reevaluation of 
minimum flows for the Lower Peace River, there may regularly be additional water available for 
other users during times of high flow.   

Shell Creek is the largest tributary to the Peace River and could be a significant source of new 
water supplies in the region.  Minimum flows for the lower segment of Shell Creek are also 
proposed for adoption in 2020.   Once these minimum flows are adopted, existing permitted 
withdrawals by the City of Punta Gorda may comprise most or all the allowable flow reductions at 
low to medium flows.   However, there may be considerable water quantities available from Shell 
Creek for supply at high flows.   If it is determined to be necessary for regional water supply needs, 
consideration could be given to building an interconnection between the Shell Creek reservoir and 
the location of the PRMRWSA facility in order to transmit raw river water from Shell Creek for 
transport and use at other locations.  

Since there is much more water available for supply in the lower reaches of the Peace River and 
Shell Creek compared to the upper and middle river, consideration could be given to constructing 
a pipeline from the lower river to upstream locations if it is necessary to meet regional water 
supply demands.  If new water supplies from the Peace River are truly needed, the expenditure of 
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public funds to transport water from more ecologically resilient downstream locations to 
upstream water users would be well justified to make such water supplies available without 
causing further environmental harm to the Peace River.  If water from downstream areas is 
transported upstream for water supply, consideration should be given to using a portion of this 
water for flow restoration of the Upper Peace River if it is not meeting its low minimum flows.  

Flows in the Alafia River are not nearly as impacted as flows the Upper Peace River and existing 
withdrawals from the Alafia River by Tampa Bay Water (TBW) are below the percent of flow limit 
contained in the applicable minimum flow rule for the Lower Alafia River.   Similar to the 
PRMRWSA facility on the Peace River, the location of the TBW intake on Alafia River is optimally 
located to maximize water supply availability while minimizing the potential for environmental 
harm.   Any additional withdrawals for water supplies from the Alafia River should be at or near 
this location, not from the north or south prongs of the river, which are much smaller streams with 
less water supply yields and greater sensitivity to ecological harm.  

These findings and conclusions for the Peace and Alafia Rivers have broader application to other 
rivers in the region.   In general, new withdrawal sites on rivers should be located as far 
downstream as practical to just above the tidal reach.  The ecological health of both rivers and 
their receiving downstream estuaries are dependent on a largely natural flow regime that reflects 
the climate and watershed characteristics of each river.   Accordingly, using a percent-of-flow 
approach, the SWFWMD technically evaluates and adopts minimum flow rules separately for the 
freshwater and tidal estuarine reaches of each river.    Because they are based on ecosystems with 
different physical and ecological characteristics, the allowable flow reduction percentages 
contained in minimum flow rules for freshwater rivers are typically more restrictive than for their 
receiving downstream estuaries.    The different minimum flow percentages for the freshwater and 
estuarine reaches of the Peace and Alafia Rivers are examples of this.  

With the exception of the Withlacoochee River, rivers in the region are very short with limited 
distances on each river channel where freshwater supplies can be obtained. Given the small size of 
the these rivers, the hydrologic condition that there is generally greater river flow farther 
downstream and the switch from freshwater to estuarine ecosystems, it makes sense to locate 
new withdrawals sites as far downstream as practical on each river to near its tidal reach.   With 
this strategy, flows are preserved in upstream freshwater reaches were the natural systems are 
more sensitive to adverse impacts due to flow reductions. 

Given the ecological, aesthetic, and economic importance of Florida’s rivers, the expenditure of 
funds to transport water from downstream river reaches that are more hydrologically and 
ecologically resilient to upstream water users is money well spent.  Factors related to the effects 
of sea level rise are discussed and strategies suggested if sea level rise threatens the use of a river 
intake for water supply. 
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Introduction 

This report discusses the hydrologic and ecological characteristics of the Peace and Alafia Rivers 
and how these factors are related to obtaining new water supplies from these rivers without 
causing adverse environmental impacts.    The Peace and Alafia Rivers are two of the five 
principal rivers that drain the southern part of the Southwest Florida Water Management 
District (SWFWMD).   With a total length of 106 miles on the main river channel, the Peace is 
the larger of the two rivers as it flows through four counties with a total watershed area of 
2,350 square miles (mi2).    With a watershed area of 422 mi2 the Alafia River has headwater 
reaches in western Polk County, but it flows primarily through Hillsborough County to Tampa 
Bay.  The total channel length of the Alafia River including its longest headwater tributary is 
approximately 50 miles.  

Both rivers are currently used for potable water supplies by regional utilities.   The Peace River 
Manasota Regional Water Supply Authority (PRMRWSA) has an intake located approximately 19 
miles upstream from the mouth of the Peace River at Charlotte Harbor.   Tampa Bay Water 
(TBW) has an intake on the Alafia River located approximately 12 miles upstream of the mouth 
of the river at Tampa Bay.   The intakes for both of these water supply facilities are located as 
far downstream as practical, near the beginning of the tidal reach on each river where brackish 
waters would prohibit freshwater withdrawals much of the time.    They are in optimal locations 
to maximize water supply availability while minimizing the potential for environmental impacts. 

The SWFWMD recently received three water use permit applications from the Polk Regional 
Water Cooperative (PRWC) for new surface water withdrawals from; (1) the Upper Peace River, 
(2) the Peace Creek Canal (a tributary to the Upper Peace River), and (3) the North and South 
Prongs of the Alafia River.  There is a need for new water supplies in Polk County within the 
resource planning horizon and it is my understanding the PRWC has concerns that the recent 
renewal of the water user permit issued for the PRMRWSA facility located near the river mouth 
might tie up all the available water from the Peace River.  Apparently there is a pending legal 
challenge to the renewal of the PRMRWSA permit because of those concerns.  During my nearly 
30 years of employment at SWFWMD I did extensive technical work on minimum flows and 
water supply issues both the Peace and Alafia Rivers, but I did not communicate with either the 
PRMRWSA, the PRWC, or TBW regarding these recent issues for the Peace or Alafia Rivers prior 
to the preparation of this technical report.   

In both cases, I suggest that a watershed-wide approach be used to assess water supply 
availability and environmental protection.  Hopefully, this approach can be used to prioritize 
suitable locations for withdrawals or diversions from each river, either for water supply or 
environmental restoration and evaluate any facilities needed for water storage and/or 
distribution.  
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Organization of the report 

The Peace River is discussed first and in greater detail as it is the larger of the two rivers and has 
experienced the most pronounced human impacts to its flows.    It is emphasized this report 
only provides a brief overview of the hydrologic and ecological characteristics of each river as it 
relates to implementing any new surface water withdrawals.  A large number of extensive and 
informative reports have been published about the Peace and Alafia Rivers and some pertinent 
findings from those reports are briefly summarized in the following pages.  Readers are 
encouraged to consult the original reports for more detailed discussions of the hydrologic and 
ecological characteristics of these rivers.  

In addition to several other publications, there are five reports that are particularly informative 
for evaluating the hydrology of the Upper Peace River basin that are referenced in this report.  
Those reports in chronological order are: 

Lewelling, B.R., A.B. Tihansky and J.L. Kindinger. 1998.  Assessment of Hydraulic Connection 
Between Ground Water and the Peace River, West-Central Florida.  United States Geological 
Survey Water-Resources Investigations Report 97-4211.  Tallahassee FL.    

Southwest Florida Water Management District. 2002.  Upper Peace River - An Analysis of 
Minimum Flows and Levels.  Report of the Southwest Florida Water Management District, 
Brooksville, FL. 

Basso, R. 2003. Predicted Change in Hydrologic Conditions along the Upper Peace River due to 
a Reduction in Ground-Water Withdrawals. Hydrologic Evaluation Section. Report of the 
Southwest Florida Water Management District.  Brooksville, FL. 

PBS&J, Inc. and other firms.  2007.   Final Report of the Peace River Cumulative Impact Study. 
Report prepared for the Florida Department of Environmental Protection Bureau of Mine 
Reclamation, Tallahassee, Florida and the Southwest Florida Water Management District, 
Brooksville, FL. 

Metz, P. A., and B.R. Lewelling. 2009.  Hydrologic Conditions that Influence Streamflow Losses 
in a Karst Region of the Upper Peace River, Polk County Florida. United States Geological 
Survey Scientific Investigations Report 2009-5140.   Tallahassee, FL. 

All of the previous reports about the Peace and Alafia Rivers are limited to data collected up to 
a certain date, for example the end of the year 2000 in the SWFWMD report concerning 
minimum flows for the Upper Peace River (SWFWMD, 2002).   In most cases the findings of 
those reports are still valid today, but where the findings of previous reports need qualification 
with regard to current hydrologic conditions I attempt to do so.   Rainfall and streamflow data 
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updated through 2017 are presented in the following pages, but I felt it was beyond the scope 
of this report to do an update of recent groundwater levels in the region.   The findings of this 
report can be assessed by others in relation to how recent groundwater conditions in the basins 
of either the Peace or Alafia Rivers might affect the hydrology of these rivers and their potential 
to serve as sources of water supply.  

The tables presented in this report are embedded in the text, while the figures are presented at 
the end of the report and also as a separate pdf file.  Readers are encouraged either print the 
text and figures separately or view them simultaneously on a split screen.    One solution is to 
print the text and simultaneously view the color figures on a screen while reviewing the report. 

Long-term flow statistics for the Peace River and its major tributaries 

The first objective of my analysis was to update streamflow data for the gages operated by the 
U.S. Geological Survey (USGS) on the main stem of the Peace River and its major tributaries.   
The location of the gages discussed in the report are shown in Figure 1.  A list of other 
streamflow gages on the Peace River and its tributaries is included in Appendix A, with only the 
most downstream gage listed if more than one site exists on a specific tributary.  

Flow statistics for the gages shown in Figure 1 were calculated beginning with the first year of 
complete daily records and extending through the end of 2017.      There are four long-term 
gages on the main stem of the Peace River; at Bartow, Ft. Meade, Zolfo Springs and Arcadia.   
The lengths of flow records for complete years are between 78 and 86 years for three of the 
gages; beginning in 1932 at Arcadia, 1934 at Zolfo Springs, and 1940 at Bartow.     The flow 
records are shorter at Ft. Meade with the first complete year being 1975.   Hydrographs of 
yearly flows at for the periods of record at these gages are presented and discussed in this 
report.    

In order to compare flow rates over a consistent time period, Table 1 lists mean (average) flows 
calculated for the 43 years of record since 1975 when flow records for complete years began at 
Ft. Meade.   This allows for a comparison of flows at both of the two gages in the upper river 
(Bartow and Ft. Meade) to flows at the two river gages located farther downstream (Zolfo 
Springs and Arcadia).  Table 1 also lists the drainage area, the mean area-based runoff for the 
drainage basin above each gage, and the gage location relative to the origin of the river where 
Saddle Creek and Peace Creek meet to form the Peace River near Bartow.  

It is obvious from Table 1 there is considerable gain in water as the river flows downstream. The 
average gaged flow near mouth of the river at the confluence with Shell Creek (1,547 cfs) is 
greater than the mean flow at Ft. Meade (195 cfs) by a nearly a factor of eight.   Also apparent 
is the gain in flow between the Ft. Meade and Zolfo Springs gages, where the mean flow 
increases by a factor of 2.5 while drainage basin are increases by a factor of 1.7.     
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Similarly, average rates of area-based runoff expressed as cfs per square mile (cfs/mi2) increase 

downstream, with values between 0.60 and 0.74 cfs/mi2 from Zolfo Springs to the Shell Creek confluence 

compared to rates of 0.43 and 0.41 cfs/mi2 at Bartow and Ft. Meade.   The hydrologic characteristics of 
these two upstream sub-basins are complex and will be further discussed later in this report.  It is also 
important to note that the runoff rates listed for the more downstream gages in Table 1 include the 
drainage area above Ft. Meade, so the average runoff rates in the areas between the Ft. Meade and the 
Zoflo Springs and Arcadia gages are even higher than the average values listed for the two downstream 
gages.  These average values for flow and areal based runoff show that for obtaining water supplies from 
the Peace River, there is much more water available progressively farther downstream.  

It is also useful to examine flow duration characteristics as these gages.    Value for minimum, maximum, 
and five flow percentiles at these same gages are listed in Table 2.  For terminology I use the percentile 
value above the minimum, for example the P5 flow is a low flow that when ranked among all the daily 
flows is five percent of the way up from the lowest flow, while P90 is a high flow that is ranked 90 percent 
of the way up from the lowest flow.   The P50 is the median flow.  

One thing apparent in Table 2 is the marked increase in low percentile flows between the Ft. Meade and 
Zolfo Springs gages, as the P5 flows increase from 3 to 35 cfs, the P25 flows increase from 22 to 108 cfs, 
and the median flows increase from 73 to 244 cfs.    It is also important to note that the P5 and P10 flows 
go down between the Bartow and Ft. Meade gages, for as will be discussed later in more detail, the river 
sometimes loses flow to the groundwater system in the first few miles below the Bartow gage.  The large 
reduction in the maximum daily flow values between Bartow and Ft. Meade is discussed later on page 15.  
High flows downstream of Ft. Meade show large increases, for example the P90 flow increases from 547 
cfs at Ft. Meade to 1,210 cfs at Zolfo Springs to 2,310 cfs at Arcadia.   With regard to diverting high flows 
for water supply or environmental restoration, the percentile flows also show there is much more water 
available progressively farther downstream in the Peace River.

USGS gage
Drainage 

area        
(mi2)

Distance from    
the river origin    

(miles)

Mean Flow 
(cfs)

Area Based 
Runoff (cfs/mi2)

Peace River at Bartow 390 1 168 0.43

Peace River at Ft. Meade 480 14 195 0.41

Peace River at Zolfo Springs 826 37 496 0.60

Peace River at Arcadia 1,367 70 890 0.65

Peace River at Shell Creek confluence* 2,090 97 1,547 0.74

* Sum of draingae areas and gaged flows from the Peace River at Arcadia and Horse, Joshua, and Shell Creeks x 
corrected for withdrawals from Shell Creek by the City of Punta Gorda

Table 1.  Drainage areas, gage locations and average values for flow and area-        
x               based runoff for four long-term streamflow gages on the main stem of the 
x               Peace River and at the confluence with Shell Creek for 1975 to 2017.

Drainage area and location 
of gage Average Flow and Runoff
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Much of the gain in flow at the downstream locations is due to inflow from the tributaries to the river 
below Ft. Meade.   Table 3 lists the drainage areas and relative locations of five major tributaries to the 
Peace River, along with the mean and median values for flow and area-based runoff.  Again for 
consistency between gages, the values are computed for the years 1975 to 2017, except for Payne Creek 
where daily records for complete years start in 1980.    

 

In comparing the values in Tables 1 and 3, the values for Payne Creek in Table 3 are included in the 
values for the river at Zolfo Springs in Table 1, while the flows for both Payne and Charlie Creek are 
included in the values for and Arcadia gage since those gages are located upstream.  Horse, Joshua, and 
Shell Creeks flow into the river below Arcadia and mean values for those tributaries can be added to the 
mean flow at the Arcadia gage to get a total average gaged flow value for the river of 1,547 cfs for 1975-
2017 (Table 1).   By comparison, the mean flow at Ft. Meade in the Upper Peace River (195 cfs) is only 
12.6 percent of this total gaged flow, although the Ft. Meade sub-basin comprises 23 percent of the 
total gaged area of the Peace River watershed.   

USGS gage Minimum P5 P10 P25 P50 P75 P90 P95 Maximum

Peace River at Bartow 0 6 9 20 51 183 468 758 4,010

Peace River at Ft. Meade 0 3 6 22 73 214 547 871 2,450

Peace River at Zolfo Springs 4 35 53 108 244 564 1,210 1,840 10,300

Peace River at Arcadia 6 56 82 154 376 981 2,310 3,540 21,700

Peace River at Shell Creek confluence* 18 92 140 269 648 1,686 4,036 6,039 37,569

Flow Percentiles                                                                                            
(cfs)

Table 2.  Percentile values for daily flows at four long-term streamflow gages on the          x          
x              main  stem of the Peace River and at the confluence with Shell Crek for 1975 to 2017.

* Sum of gaged flows from Peace River at Arcadia and Horse, Joshua and Shell Creeks corrected for withdrawals                                   
x by the City of Punta Gorda

USGS gage
Drainage 

area        
(mi2)

Location relative to gages                
on the river

Mean Flow 
(cfs)

Area-Based 
Runoff 

(cfs/mi2)

Median Flow  
(cfs)

Payne Creek nr. Bowling Green * 121 Between Ft.Meade and Zolfo Springs 116 0.96 64

Charlie Creek nr. Garner 330 Between Zolfo Springs and Arcadia 243 0.74 53

Horse Creek nr. Arcadia 218 Downstream of Arcadia 170 0.78 40

Joshua Creek at Nocatee 132 Downstream of Arcadia 112 0.85 34
Shell Creek nr. Punta Gorda** 371 Downstream of Arcadia 368 0.99 146

Table 3.  Drainage areas, gage locations, average values for flow and area-based runoff and median              
x               flows for five major tributaries to the Peace River for 1975 to 2017 or as noted.

* for 1980 to 2017                                                                                                                                                                                                            
**  corrected for withdrawals by City of Punta Gorda
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With regard to location, Payne Creek is the most upstream tributary listed in Table 3 as it flows into 
the river about nine miles south of the Ft. Meade gage.  With a mean flow of 116 cfs and a 
comparatively high rate of area-based  runoff (0.96 cfs/mi2) , flow contributions from Payne Creek are 
very important to the flow gains observed at the downstream Zolfo Springs gage.   

Charlie Creek has the second largest tributary sub-basin in the Peace watershed and flows to the river 
between Zolfo Springs and Arcadia.   The mean flow for Charlie Creek for the 1975-2017 (243 cfs) is 
equal to 27% of the mean flow at the Arcadia gage (890 cfs) for this same period.    The Charlie Creek 
sub-basin is considered to be one of the least altered major tributary sub-basins in the Peace River 
watershed (SWFWMD, 2005A; PBS&J and others, 2007; Lee et al., 2010).  

Horse Creek flows into the Peace Rive about 15 miles below the Arcadia gage.    It is also a relatively 
lightly altered sub-basin and has a mean area-based runoff values (0.78 cfs/mi2), similar to that for 
Charlie Creek (0.74 cfs/mi2).  As will be discussed later, these two creeks also have very similar long-
term flow trends.   Joshua Creek flows into the Peace River about six miles below the Arcadia gage.  It 
has a relatively large average rate of area-based runoff (0.85 cfs/mi2) and previous studies have 
concluded that agricultural land use and irrigation have resulted in increasing flow trends in Joshua 
Creek (Flannery and Barcelo, 1998;  PBS&J and others, 2007; SWFWMD, 2010A).   

Shell Creek, which flows into the tidal estuarine reach of the Peace River, has the highest mean flow 
of any of the tributaries (368 cfs), equivalent to 41% of the flow at the upstream Arcadia gage.  The 
median flow for Shell Creek is more than twice as great as for any other tributary.  Shell Creek also 
has comparatively high rate of area-based runoff (0.99 cfs/mi2), due in part to agricultural land use 
and irrigation in its drainage basin. 

Collectively, these flow statistics for the gages on the Peace River and the five major tributaries show 
that the river gains considerable flow below Ft. Meade, as the sub-basins in the middle and lower 
reaches of the river have greater rates of area-based runoff.   As will be further discussed, it is well 
documented that various human factors have contributed to reduced flows in the Upper Peace River 
sub-basin and the hydrology and ecology of the river tends to recover from these reduced flows 
progressively farther downstream.  

Influence of long-term rainfall patterns 

Hydrographs and trend analyses of flows at various gages in the Peace River watershed are presented 
throughout the remainder of this report.    Long-term patterns in regional rainfall have clearly played 
a major part in the trends in streamflow that will be described.  To support that discussion, a general 
description of long-term, inter-annual patterns of rainfall in the Peace River watershed is presented 
below.



10 
 

Long-term rainfall values for the Peace River Watershed were obtained from the website of the 
Southwest Florida Water Management District (https://www.swfwmd.state.fl.us), which contains 
yearly data for monthly, seasonal, and annual rainfall totals that can be tabulated by county or by 
major USGS drainage basin.   I downloaded yearly values for annual and seasonal rainfall totals for 
the Peace River watershed.   Based on areal-based averaging of data from the various rainfall 
stations that have operated over the years, rainfall values for the Peace River watershed are 
available going back to 1915.  I downloaded data from 1930 to 2017 to compare to the longest flow 
records analyzed in this report.  

Based on these data, the average annual rainfall for the Peace River watershed is 52.2 inches.    
Yearly rainfall totals ranged from a minimum value of 36.6 inches in the year 2000 to a maximum 
value of 77.9 inches in 1947.    Rainfall totals for the four-month summer wet season that runs from 
June through September average 31.5 inches, while the average rainfall for eight-month dry season 
that runs from October through May is 20.7 inches.   

Yearly deviations from these average values for annual, wet, and dry season rainfall totals were 
calculated and are presented in Figure 2.     There is strong inter-annual variation in yearly rainfall, 
although sometimes there can be two, three, or more consecutive years with above or below 
average rainfall (Figure 2A).   A number of reports dealing with the hydrology of Peace River (Basso 
and Schultz, 2003; SWFWMD, 2002; PBSJ and others, 2007; Metz and Lewelling, 2009) have 
discussed the importance the Atlantic Multidecadal Oscillation (AMO), which is a cyclical pattern in 
the warming and cooling of ocean temperatures that affects rainfall patterns in North America (Gray 
and others, 1997; Enfield and others, 2001).     

Research suggests that during periods of cooler water temperatures in the North Atlantic Ocean less 
rainfall occurs in the dry season in peninsular Florida, while warmer temperatures in the North 
Atlantic produces more summer rainfall (Basso and Schultz, 2003; Kelly, 2004, PBS&J, 2007; Metz 
and Lewelling, 2009).   These authors have discussed a warm AMO phase that extended from 1925 
or 1940 through 1969 with typically higher rainfall in peninsular Florida and a cooler phase from 
1970 through 1995 or 1999 with typically less rainfall, including in the Peace River basin.   

The deviations from yearly average rainfall in Figure 2A largely support these conclusions, but there 
are significant changes from this pattern within these cycles.  For example, two very dry years 
occurred in 1955 and 1956 during what was predominantly a wet AMO period.    Conversely, two 
very wet years occurred in 1982 and 1983 in what was predominantly a cool, dry AMO period. 

Regardless of any possible AMO effects, this report points out some long-term patterns in rainfall 
for the Peace River watershed that are related to the patterns observed in the streamflow data for 
the river and its tributaries.    The 1950s were generally wet, notably with four successive wet years 
from 1957 through 1960 when very high flows were observed in the Peace River.   

https://www.swfwmd.state.fl.us/
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The 1970s were basically dry, with seven years with at least three inches of below average rainfall.  
Rainfall deficits of 10 and 12 inches occurred in 1989 and 1990 and a severe drought occurred from 
1999 to 2001 when the cumulative rainfall deficit was 30 inches, with 21 inches of that deficit 
occurring in the year 2000.   A very prolonged dry period occurred from 2006 to 2013, when there 
were eight successive years of below average rainfall, with the greatest yearly deficits occurring in 
2006 and 2007 (12 and 15 inches, respectively). 

There have been some notable wet periods with the last few decades.    Rainfall surpluses of 14 and 
15 inches occurred in 1982 and 1983.    The two-year period of 2004-2005 was also wet, with yearly 
rainfall surpluses near 11 inches each year.  What has been very fortunate for assessing the current 
status of the Peace River has been four years of average or above average rainfall for four most 
recent years from 2014 through 2017.    The effects of these series of wet and dry years on flow in 
the river are apparent in the hydrographs and streamflow trends discussed in the following section. 

Flow trends in the Upper Peace River 

In order to assess the status of flows in the Peace River watershed and the suitability of various 
locations on the river for obtaining water supplies, hydrographs and trends were examined at the 
four long-term streamflow gages on the channel of the Peace River plus five of the tributary creeks.   
The following section focuses on data from the Upper Peace River in Polk County at the Bartow and 
Ft. Meade gages.    Data from the other gages are discussed in more detail later in this report.   

Hydrographs of yearly values for mean, median, P5 and P90 flows at the Peace River at Bartow gage 
are shown in Figure 3 for the years with complete daily records (1940 to 2017).   It is visually 
apparent there has been a declining trend in all these flow parameters, with a shift to generally 
lower flow values occurring in the 1970’s.    Prior to 1970 there were no average yearly flows below 
100 cfs, but since 1971 there have been 21 years with average flows below that amount.   There are 
also dramatic reductions in the low (P5) and median (P50) flows, again with a shift appearing in the 
1970s.  However, high values for the P5 and median flows in the 1950s and 1960s may have been 
partly due to discharges from the phosphate industry, for although they were using large quantities 
of ground water, much of it was released to the river.   Improved water use efficiency and water 
retention by the phosphate industry in more recent decades has reduced such flows to the river. 

The SWFWD has adopted minimum low flows for the Upper Peace River at the Bartow, Ft. Meade, 
and Zolfo Springs gages (for purposes of minimum flows the SWFWMD identified the Upper Peace 
as extending to Zolfo Springs).    The SWFWMD normally adopts minimum flows using the percent-
of-flow approach which covers the entire flow regime of a river, but for the Upper Peace the 
SWFWMD adopted only a minimum low flow for they could not determine the relative degree that 
flows in the Upper Peace River had declined due to the effects of groundwater withdrawals versus 
physical and structural alterations in the watershed.   The SWFWMD, however, acknowledges that 
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minimum flows for medium and high flows are important and intends to develop such rules for the 
Upper Peace River by 2025. 

The regulatory rule for minimum low flows at the Bartow, Ft. Meade and Zolfo Springs gages are 
listed in Appendix B.  The minimum low flow for the Bartow gage is a yearly 95% exceedance flow of 
17 cfs.   This minimum low flow is considered to be met if it is equaled for three years in a row, with 
provisions for how long the minimum flow must be achieved to be considered in compliance if it 
goes below 17 cfs for one or more years. 

The graph of yearly P5 flows in Figure 3C at the Bartow gage (which are equivalent to yearly 95% 
exceedance flows) shows that during the 35 years of record prior to 1975 the river met the 17 cfs 
minimum low flow except for five years (1940, 1943-1945, and 1968).   Since 1975, however, the 
river at Bartow has been below the minimum flow target for 32 of the 43 years.  There has been a 
noticeable rebound in the average and high P90 flows at Bartow since 2014 due to increased 
rainfall.  The median and P5 flow also showed recovery in 2015 and 2016, but returned to low 
values in 2017 due to low dry season rainfall that year (Figures 2B &  2C). 

Climatic trends in rainfall, with a large number of below average rainfall years in the 1970s have 
clearly played a factor in these declining flows, but as will be discussed later, human factors have 
also played a role in the flow reductions observed in the Upper Peace River.  Also, as discussed 
below, the relative degree of the declining flow trends observed at Bartow tend to lessen at the 
long-term gages located farther downstream in the middle and lower reaches of the river.   

The declining flows graphically shown for the Bartow gage are confirmed by trend tests on each 
yearly flow parameter using two techniques; the non-parametric Mann-Kendall test and a linear 
regression of each flow parameter as a function of year.    The results of these tests are listed in 
Table 4 on the following page along with results from the gages at Zolfo Springs and Arcadia, where 
flow records go back to the 1930s.     For consistency in the comparison of results between gages, 
the period analyzed for Zolfo Springs and Arcadia were limited to the 1940 to 2017 period that is 
available for the Bartow gage.  

The two statistical tests showed similar results in that the significant declining trends were observed 
at all three gages in the river, but were most pronounced at the Bartow gage.   The Mann-Kendall 
test is a non-parametric statistical procedure that is frequently used to determine if there is a 
monotonic trend (doesn’t switch between increasing and decreasing) in a time series of values.   It 
generates a Tau statistic, which estimates the degree that adjacent pairs of data are, or are not, 
identically distributed.  The farther the Tau statistic is from zero indicates the strength of either a 
positive or negative trend.   All the Tau statistics listed in Tables 1A are negative, indicating there are 
trends for declining flows at the long-term gages in the Peace River.   Note, however, for all the flow 
parameters (means, P5, P50, and P90 flows) the Tau statistics are farthest from zero at the Bartow 
gage, indicating the declining trends are most pronounced in the upper river.   
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P (p) values, which denote the certainty of a statistical test, are also listed in Table 1.   P values 
indicate the probability of incorrectly rejecting the null hypothesis, which in this case would be no 
trend.  A low p value therefore means there is small probability of falsely rejecting the null 
hypotheses, so the lower the p value the more certainty of the test.    Researchers often use a p 
value of < 0.05 (95% certainty) for identifying a statistically significant result, but I highlighted p 
values less than 0.1 in Table 4 to identify evidence of trend.  Similar to the results for the Tau 
statistics, the p values tend to be smallest for the Bartow gage indicating the declining trends are 
most certain there.  

Linear least squares regressions were also run to predict each of the yearly flow parameters as a 
function of year.    All slopes are negative, indicating that the flows are generally tending to go down 
over time.   A simple comparison of the magnitude of the slopes between the gages in the upper, 
middle, and lower reaches of the river can be misleading because they are expressed in cfs per year.  
Thus, the same relative rate of change (e.g. 2% ) would produce a greater slope farther downstream 
simply because there is more flow in the lower river.   To correct for the differences in the quantity 
of flow between the gages, the slope for each linear regression was divided by the mean and 

Gage and yearly statistic 
tested for trend Tau p Slope             

cfs per year p Slope as % of 
mean value

Slope as  % of 
median value

Average Yearly Flows
Bartow             (1940-2017) -0.227 0.0032 -2.15 0.0083 -1.00% -1.19%
Zolfo Springs   (1940-2017) -0.197 0.0108 -4.31 0.0113 -0.72% -0.81%
Arcadia            (1940-2017) -0.139 0.0760 -6.42 0.0274 -0.61% -0.64%

Yearly P5 (Low) Flows
Bartow             (1940-2017) -0.416 <0.0001 -0.57 0.0008 -2.05% -3.20%
Zolfo Springs   (1940-2017) -0.397 <0.0001 -1.36 <0.0001 -1.35% -1.55%
Arcadia            (1940-2017) -0.282 0.0003 -1.27 0.0034 -1.01% -1.20%

Yearly P50 (Median) Flows
Bartow             (1940-2017) -0.329 <0.0001 -2.02 0.0003 -1.64% -2.23%
Zolfo Springs   (1940-2017) -0.247 0.0014 -2.97 0.0036 -0.88% -0.99%
Arcadia            (1940-2017) -0.183 0.0176 -4.06 0.0150 -0.79% -0.96%

Yearly P90 (High) Flows
Bartow             (1940-2017) -0.167 0.0306 -3.46 0.0990 -0.64% -0.70%
Zolfo Springs   (1940-2017) -0.134 0.0828 -6.85 0.1109 -0.49% -0.58%
Arcadia            (1940-2017) -0.107 0.1674 -13.50 0.0896 -0.50% -0.57%

A. Mann-Kendall B. Linear Regression

Table 4.   Results of trend tests of yearly flow statistics (means, P5, median, and P90 flows) for three x               
x               long-term gages on the Peace River for the period 1940 to 2017.    Results are presented for 
x               (A) the non-parametric Mann-Kendall test and (B) linear regression of each yearly flow            
x               statisitc as a function of year.  P is  the probability of type 1 error or that there is no trend.      
x               P values less than 0.10 are highlighted in bold. 
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median values for each yearly flow parameter (e.g., the yearly P5 flows) to estimate a relative rate 
of change of that parameter.  Note that the slopes of the regressions expressed as percentages of 
the mean and median values for each of the flow parameters are greatest at the Bartow gage, again 
indicating the declining trends are most pronounced there.  

At all three gages the relative changes for each of the flow parameters are greatest for the low 
flows (P5), intermediate for median flows (P50), and least for the high flows (P90).  Similarly, the 
confidence limits of the statistical tests for both the Mann-Kendall and the linear regression are 
strongest (low p values) for the low flows, intermediate for the median flows and least for the P90 
flows. These results indicate the lower end of the flow regime has been most affected at these 
gages, with intermediate effects in the middle range of flows and less effects at high flows.    As will 
be discussed later, this could mean that some diversions of high flows at various points downstream 
might be feasible as this component of the river’s flow regime has been the least affected.  

Although declining trends are reported and rates of change expressed, it is important to note that in 
actuality the rates of change at these gages has not been constant.  It is clear from Figure 3 for the 
Bartow gage and hydrographs for other gages presented later in this report show there was a large 
shift in flows beginning in the 1970s.   Since the 1970s, flows have been more stable.  Other earlier 
reports have confirmed this by running trend tests beginning in the 1970s and found no significant 
declining trends for gages in the Peace River since that time (Flannery and Barcelo, 1998; Lewelling 
and others, 1998; SWFWMD 2002; PBSJ and others, 2007).    As will be discussed on page 34, trend 
tests I ran on data updated through 2017 had similar findings, but there has been a pattern of low 
P5 flows at the long-term gages since the year 2000 (Figures 3C, 19C and 20C), but the unusually 
high frequency of years with below average rainfall between 1999 and 2013 has been a major 
contributing factor (Figure 2A).  

Hydrographs and trend tests conducted on flows in other rivers with lightly impacted watersheds 
(e.g., Hillsborough and Withlacoochee Rivers) have also shown a tendency for declining flows over 
time periods extending back to the 1930s and 1940s, but no apparent trends since the 1970s.  Long-
term patterns in rainfall including the influence of the Atlantic Multidecadal Oscillation have clearly 
played a major role in the observed flow trends for the Peace and other rivers as there was 
generally more rainfall in the earlier decades.     

However, it should not be interpreted that all is well and there are no continued human impacts to 
flows in the Peace River.   When compared to other rivers in the region, the declining flow trends 
are most pronounced for the Upper Peace River.   Also, as described in the next sections of this 
report, data from recent years clearly show that flows in the upper river have been reduced by 
hydrologic and physical changes in the upper river sub-basin.   To some extent, these human effects 
on changes on flows in the upper river are manifested father downstream, but become 
progressively diminished as the river receives flow from less impacted downstream tributaries.   
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Comparison of flows at the Bartow and Ft. Meade gages, including periodic flow losses 

The hydrologic characteristics of the Upper Peace River sub-basin have been the site of 
intensive study over the last several decades.    A topic that has received considerable attention 
is the periodic occurrence of flow losses between the Bartow and Ft. Meade gages.   Time series 
plots of the same yearly flow parameters shown for Bartow are shown for Ft. Meade in Figure 
4.   Complete daily flow records for the Ft. Meade gage begin in 1975, so the available data for 
this gage do not extend to the pre-1970 period when flows tended to be higher in the Peace 
River.  Not surprisingly, the hydrographs for Ft. Meade show no apparent trends, which were 
confirmed by statistical tests for this period which showed no significant trends.  

Rather than having trends over time, the unusual characteristic at the Ft. Meade gage is that 
the daily flows there are frequently less than the same-day flows at Bartow gage, which is 
located 13 miles upstream.    Graphs of the differences in same-day flows between the Bartow 
and Ft. Meade gages are shown in Figures 5 A&B.    The Bartow flows are subtracted from the 
Ft. Meade flows, so if the difference is negative that means the flow that day at the Bartow 
gage was greater.   Graphs are shown for the entire period record at the Ft. Meade gage (1975-
2017) and for three years from 2014 to 2016 for better visual resolution of the daily patterns. 

It is clear from these graphs that daily flows at Ft. Meade are frequently less than at the Bartow 
gage.  For the sake of discussion, the days when there is less flow at Ft. Meade are called flow 
deficits.   On some days this can be a natural phenomenon, as short-term deficits may 
represent the time lag for an upstream flow pulse to reach the Ft. Meade gage.   Flow deficits 
could result from the storage of water in depressions and floodplain wetlands or 
evapotranspiration loss between the two gages.     Deficits could also be due to errors in the 
gaged flow estimates at either site, particularly at high flows when the river is out of channel. 

Given the possibility of these periodic natural causes, it is notable that deficit flows are very 
frequent between these two gages and on many days involves large flow quantities. Over the 
period of record since 1975, daily flows at Ft. Meade were less than the flows at Bartow for 
34.7% of the time.    If only the flow deficits of greater than 5 cfs are counted, 22.4% of the days 
have flow deficits.    I also examined flow deficits if flows at Ft. Meade were compared to the 
preceding day flow at Bartow and the number of days of flow deficits were very similar. 

Table 5 on the following page provides summary statistics for days per year when there were 
flow deficits of at least 5 cfs at Ft. Meade.    The mean values for days with deficits can be quite 
large, frequently over 20 to 30 cfs with a maximum value of 442.9 cfs in 2004, which is a special 
case which will be discussed later.   The mean deficits were also expressed as an average rate 
for the year, calculated by averaging the total quantities during the deficit periods by 365 days.  
The deficit rates on a yearly basis were smaller, but in excess of 20 cfs in some years.     
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Year Number    
of days

Mean 
Deficit

Greatest 
Daily Deficit

Smallest 
Daily Deficit

Mean Deficit     
for Year

1975 20 16.4 61 5.6 0.9
1976 22 57.5 185 6.0 3.5
1977 69 14.6 60 6.0 2.8
1978 52 49.5 146 6.0 7.1
1979 108 74.4 320 6.0 22.0
1980 110 36.1 316 6.0 10.9
1981 211 13.5 79 5.8 7.8
1982 117 66.9 420 6.0 21.4
1983 118 72.8 416 6.0 23.5
1984 150 31.6 279 6.0 13.0
1985 122 8.9 25 5.1 3.0
1986 110 31.6 192 6.0 9.5
1987 57 60.7 445 5.2 9.5
1988 34 30.9 89 5.5 2.9
1989 16 58.3 139 7.0 2.6
1990 69 20.3 129 5.0 3.8
1991 94 29.8 338 5.2 7.7
1992 48 60.6 263 6.0 8.0
1993 92 42.3 180 6.0 10.7
1994 120 34.2 178 5.1 11.3
1995 52 45.8 283 5.2 6.5
1996 76 85.1 610 6.0 17.7
1997 123 28.7 166 5.1 9.7
1998 9 11.2 20 6.0 0.3
1999 88 27.1 134 5.1 6.5
2000 135 17.2 51 5.1 6.4
2001 15 17.3 114 5.6 0.7
2002 49 36.2 370 5.1 4.9
2003 33 66.3 240 7.0 6.0
2004 74 442.9 1670 5.3 89.8
2005 34 24.3 56 6.0 2.3
2006 63 9.0 34 5.0 1.6
2007 71 8.3 16 5.1 1.6
2008 145 27.3 175 5.0 10.8
2009 91 7.5 21 5.0 1.9
2010 60 25.2 160 5.0 4.1
2011 104 37.2 527 5.0 10.6
2012 119 11.4 75 5.0 3.7
2013 45 22.2 225 5.0 2.7
2014 101 71.3 562 5.2 19.7
2015 134 79.5 455 5.1 29.2
2016 90 101.9 581 6.0 25.1
2017 75 39.4 236 5.2 8.1

(cfs)

Table 5.  Statistics for days that flow at the Bartow gage exceeded  the          
x               the flow at the Ft. Meade gage on the Peace River by at least        
x               5 cfs (deficit).  The mean deficit for the year is the average deficit  
x               between the gages if averaged over the entire year. 
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Without attempting to differentiate between natural processes and human influences, differences in 
daily flow rates between the Bartow and Ft. Meade gages are plotted against the same-day flow at 
Bartow in Figure 6.     As before, the difference is the Ft. Meade flow minus Bartow, so negative values 
mean less flow (deficit) at Ft. Meade.   Graphics are provided for the entire range of flows observed 
during the 1975-2017 period (Fig. 6A) and flows less than 1,800 cfs at Bartow for better visual resolution 
(Fig. 6B). 

It is clear that there are large values for both flow gains and deficits over the range of flows at Bartow.   
The string of large flow deficits shown for very high flows at Bartow (> 2,200 cfs) occurred during the 
passage of three hurricanes over the Peace River watershed in August and September 2004, with the 
effects continuing into October.   The flow deficits shown during this time are striking, but should be 
viewed with much caution as there could be errors in the gaged flow estimates at these very high flow 
rates when water was well outside the river channel.   However, while acknowledging that gaged flow 
values involve some degree of error, the graph for Bartow flows less than 1,800 cfs shows that both flow 
gains and deficits are common over a wide range of flows (Figure 6B).  As previously discussed, over the 
period of record there were about one-third of the days when flows were less at the Ft. Meade gage, 
even though it is located 13 miles downstream of the Bartow gage and represents a 23% gain in 
drainage area.  

Readers are reminded however that these flow deficits were somewhat compensated for on days when 
the Ft. Meade gage showed a gain in flow.   The net average flow at Bartow for 1975 – 2017 was 168 cfs, 
compared to 195 cfs at Ft. Meade.  This represents a 16% increase in average flow at Ft. Meade, 
although there is a 23% increase in drainage area.   There is a net gain in flow at Ft. Meade, but it would 
be greater if the days with deficits were less frequent. 

With regard to compliance with regulatory rules, the SWFWMD adopted a minimum low flow of 27 cfs 
at the Ft. Meade gage, which is to be exceeded 95% of the time each year. Similar to the minimum low 
flow for the Bartow gage, the SWFWMD established criteria by which the river at Ft. Meade could meet 
the minimum flow in subsequent years if it fell below the minimum flow for one or more years.     That 
seems to be a moot point, for in the 43 years of complete daily records since 1975, the low minimum 
low flow for the Peace River at Ft. Meade has been met only in four years (1983, 2003, 2005, 2016).    

 As discussed later in this report, the SWFWMD did not establish minimum flows for the entire flow 
regime of the Upper Peace River because it could not adequately differentiate between the effects of 
groundwater withdrawals and structural alterations on the declining flows in the upper river.   However, 
based on the declining flow trends at Bartow and the frequent flow deficits observed between the 
Bartow and Ft. Meade gages, it seems clear that the medium and high flows of the river at the Ft. Meade 
gage have been impacted.    For that reason, with the possible exception of some extremely high flows, 
no withdrawals should be allowed from the Upper Peace River or its tributaries above Ft. Meade.  As will 
be discussed later in this report, the first point downstream to allow the withdrawal of high flows should 
be below the confluence with Payne Creek near the town of Bowling Green.
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Effects of groundwater drawdowns on streamflow losses in the Upper Peace River 

I have used the term flow deficits because some of the daily flow shortages at Ft. Meade could be 
naturally occurring and involve time lags in flows due to changes in water storage.  However, as will 
be discussed in the following pages, extensive research has shown there are many days where there 
are losses of water from the Peace River to the underlying aquifers, caused largely by drawdowns in 
the Upper Floridan and intermediate aquifers due to from extensive groundwater use in the region.     

As a result, during very dry periods since the 1980s the channel of the Peace River has gone dry at a 
number of locations between the Bartow and Ft. Meade gages, whereas in earlier decades it was a 
perennial stream.  Photographs of some of the sites in the Upper Peace River that dried up or had 
small amounts of ponded water during such dry periods in recent years are shown in Figure 7.      

Although the drying of the river in recent  years has been obvious, the evidence for the effects of 
groundwater withdrawals on flows in the Peace River go back much further.  Up until the middle part 
of the 20th century, Kissengen Spring was a major source of flow to the Upper Peace River and was 
used for recreational purposes for many years .   A photograph of Kissengen Spring in 1894 is shown 
in Figure 8A.    The USGS first made flow measurements from Kissengen Spring in 1898 and 
periodically for years afterwards.   Monthly measurements between 1932 and 1936 averaged 29 cfs 
(Lewelling and others, 1998).   However, after those measurements the discharge of the spring 
progressively declined and ceased flowing in 1950.     A report by Peek in 1951 documented this 
decline and cessation of flow and attributed it to increasing groundwater use in southeastern Polk 
County, which was  “approximately 110 million gallons per day, of which about 75 million gallons per 
day is used by phosphate companies” (Peek, 1951 as cited by SWFWMD, 2002).  

A hydrograph of the declining flows in Kissengen Spring is shown in Figure 8B1.    There were 
temporary periods of flow resumption in 1955 and 1959 due to high water levels in the Upper 
Floridan aquifer, but permanent cessation of flow occurred in April, 1960 (Lewelling and others, 
1998).  A photograph of the puddle at the location of the inactive Kissengen Spring is shown in Figure 
8C.   In addition, artesian wells at the headwaters of the Peace River near Saddle Creek ceased to flow 
in the 1950s (Stewart, 1966 as cited by Metz and Lewelling, 2009). 

The peak of phosphate production in the Upper Peace River basin occurred in the mid-1970s when 
groundwater pumpage for phosphate mining was estimated to be about 270 million gallons per day 
(Spechler and Kroening, 2007 as cited by Metz and Lewelling, 2009).  There has been some recovery 
of groundwater levels in the upper Floridan Aquifer near Kissengen Spring since the late 1970s when 
groundwater levels were at their lowest (Figure 8B2).    This increase coincides with the period of 
time when the phosphate mining industry started water conservation practices.  This rise may also be 
in part due to increased rainfall and improved water conservation by agriculture.   Although mining in 
the Upper Peace River region has declined, an increase in population and agriculture expansion since 
the 1970s has resulted in a redistribution of some of the pumping stresses (Spechler and Kroening, 
2007 as cited by Metz and Lewelling, 2009). 
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There has been some increase in water levels in the intermediate aquifer system near Kissengen 
Spring since that the late 1970s (Figure 8B3).   This rise is likely the result decreased pumpage from 
the Upper Floridan aquifer, which in turn causes reduced leakage from the intermediate aquifer 
system (Knochemus, 2006).    Lewelling and others (1998) report that for Kissengen Spring to flow 
again, a reversal of head gradients near the spring must occur and water levels in the Upper Floridan 
aquifer near the spring must rebound to above 83.55 feet, which is the elevation of the spring 
outflow control structure.   Water levels briefly reached near that elevation in a nearby Upper Florida 
aquifer monitor well (WMIS 670300) at the end of the wet season in 2015 and 2016.  

It is widely accepted that groundwater drawdowns have resulted in flow reductions in the Upper 
Peace River (Lewelling and others, 1998; SWFWMD; 2002, Basso 2003; PBSJ and others, 2007; Metz 
and Lewelling, 2009).     Various reports by SWFWMD and other have mapped groundwater levels in 
the region.   For this report I have reprinted maps from Metz and Lewelling (2009) that show 
estimated drawdowns of the potentiometric surface of the Upper Floridan aquifer from 
predevelopment conditions to recent years.  Figure 9A shows drawdowns in the Southern 
Groundwater Basin in from estimated pre-development conditions to May 1975, while Figure 9B 
shows drawdowns from pre-development conditions to May 2007.  Comparison of these two maps 
shows substantial drawdowns in the region, exceeding 50 feet in some areas, but the region of 
maximum drawdowns has shifted west with some reductions in drawdowns in Polk County. 

Figure 10 shows drawdowns in the Upper Peace River sub-basin for May and September 2007, with 
May representing the end the dry season and September the end of the wet season.  The map  for 
May shows that drawdowns in excess of 50 feet occurred in the region of the Peace River between 
Bartow and Ft. Meade, while the September map shows the drawdowns of between 30 and 40 feet in 
this region.   The years 2006 and 2007 were very dry, and I suspect that groundwater levels may be 
higher now, for as discussed on page 11 there has been average to above average rainfall for the last 
four years.  

Although there has been some recovery in groundwater levels since the mid-1970s, groundwater 
drawdowns continue to impact the flow in the Upper Peace River.   Whereas the potentiometric 
surface of the Upper Floridan Aquifer was previously above the elevation of the bed of the river 
channel, it is now below the channel which causes a tendency for the river to lose water as 
downward seepage to the underlying aquifers (recharge).  Further downstream, the potentiometric 
surface is above the bed of the river and there is upward seepage to the river.   

This spatial relationship is shown in Figure 11, which shows the change in the potentiometric surface 
from pre-development conditions to average conditions in May for 1988 to 1990 (Basso, 2003).   
Whereas the potentiometric surface was above the river channel in Polk County during pre-
development conditions, it now is below the river channel until near the Polk – Hardee county line 
and near the surface of the river bed in Hardee county, albeit for dry springtime conditions.    Maps 
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are not shown for the intermediate aquifer, but lowering of the Upper Floridan aquifer acts to lower 
the surface of the intermediate aquifer as well.  

Using a variety of methods, the USGS has done extensive studies of the hydrogeology of the region 
and relationships between groundwater levels and streamflow in various reaches of the Peace River 
(Lewlling and others, 1998; Metz and Lewelling, 2009).   Those reports should be consulted for 
detailed information on these topics, which I do not cover in detail here.  As expected, the 
interactions of groundwater levels and flow in the river can change with climatic conditions, as water 
levels in both the river and the intermediate and Upper Floridan aquifers respond to changes in 
rainfall during wet and dry periods.     

Some characteristics, however, are generally true for the Peace River with important implications for 
water supply planning and natural resource management.  Lewelling and others (1998) described 
three distinctive hydrogeologic areas along the Peace River:  (1) the Upper Peace River near Bartow 
where groundwater recharge occurs; (2) the middle Peace River near Bowling Green where reversals 
of hydraulic gradients occur; and  the lower Peace River near Arcadia where groundwater discharge 
to the river occurs.  Changes in these hydrogeologic relationships contribute to the higher rates of 
area-based runoff for the gages in the middle and lower reaches of the river compared to runoff rates 
for the upper river gages that are listed in Table 1.  

A distinctive characteristic of the Upper Peace River has been the formation of sinks, crevasses, and 
other karst features in the channel and floodplain of the Peace River between Bartow and Homeland, 
which is about 5 river miles north of the Ft. Meade gage.   Based work conducted between 1979 and 
1981, Patton (1981) and Patton and Klein (1989) identified approximately 90 actual and/or probable 
solution features and discussed sinkhole formation and its effect on the hydrology of the Peace River.   
Patton and Klein conclude that the increased sinkhole formation was due to extensive groundwater 
use in the region, and state “that all available data indicate that increased water table drawdown and 
declining potentiometric levels in the aquifers in the Upper Peace River basin have led to intensified 
solutional activity and increased collapse.”   

They also made the important finding that the sinkholes were not only in the river channel, but 
occurred in the river floodplain as well.  They state that these sinks and other solutional conduits act 
as influent channels into the Upper Floridan aquifer, and due to the number of these features they 
are capable of affecting flow in the Peace River during times of both low and high water levels in the 
river. They furthermore suggested that the greatest loss of flow from the river occurs during high 
water levels in the river, resulting in a reduction in the amplitude and duration of high water flow. 

In more recent years, extensive studies of the effects of the sinks and other karst features on flows in 
the river have been conducted by the Water Resources Division of the U.S. Geological Survey, notably 
the studies by Lewelling and others (1998) and Metz and Lewelling (2009).   These researchers used a 
variety of techniques to examine the interactions of these karst features with the hydrogeology 
surrounding the river and the river’s flow, including aquifer tests, dye studies, isotope analyses, 
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seismic reflection, and a series of seepage runs in which flows were measured at many stations along 
the river during various flow conditions.  

Figure 12 shows a map of the principal karst features along reaches 1 and 2 of the upper river 
identified by Metz and Lewelling (2009).     These two reaches, which extend for about two miles 
starting about one mile below the Bartow gage, include some of the largest karst features in the river 
and is where most of the flow losses have been observed.  Photographs of karst features in the 
channel of the Peace River in reaches 1 and 2 are shown in Figure 13.   At very low flows during 
droughts, the entire flow of the Peace River can flow into the ground through karst features such as 
these. 

Figure 14 shows karst features located in the floodplain of the river in this same region, including two 
of the largest features, Gator Sink and Dover Sink.   Water flows into these sinks at higher river stages 
via distributary channels that extend off of the main channel of the Peace River.   Two photographs 
are shown of Dover Sink, one during low river stages and one when the sink is inundated by river 
water during a period of high flows and levels.  The authors point out that an extensive network of 
cavities exist beneath the walls of Dover Sink which can store large volumes of water.   During the dry 
season, large unfilled cavities exist, but when the rainy season begins, river water flows into Dover 
Sink and fills these void spaces in the underlying aquifers.   Because the conduit system near Dover 
Sink is very large, it can accommodate a large proportion of flow from the river at multiple river 
stages (Metz and Lewelling, 2009). 

Both of these USGS studies performed seepage runs in which flow in the river was measured at many 
locations in the river over a period of just a few days, usually with no rainfall, to measure areas of 
flow gains and losses in the river.  The study by Lewelling and others (1998) included two base-flow 
seepage runs over a 74 mile reach of Peace River between Bartow and Nocatee, while a third high-
flow seepage run focused on the upper river between Bartow and Ft. Meade.   The later study by 
Metz and Lewelling (2009) focused strictly on streamflow losses in the upper river between Bartow 
and Ft. Meade. 

Figure 15 shows areas of streamflow losses and gains in reaches 1 and 2 for seven seepage runs 
conducted between June 2002 and March 2006 in the study by Metz and Lewelling (2009).  The area 
of highest streamflow loss was between site 7 (located 1.8 miles below the Bartow gage) to site 11 
(3.7 miles below Bartow gage).   The average total seepage loss in this reach for these seven was 22.7 
cfs, with a minimum value of 11.6 cfs and a maximum value of 49.9 cfs.    The results of a low-flow 
seepage run from May 2003 were compared to a low-flow seepage run conducted during May 1996 
during the study of Lewelling and others (2009) with similar results (17.3 and 17.8 cfs).     

During high flow periods, large losses of water were observed in reaches 1 and 2 due to floodplain 
storage rather than losses to karst features.   The authors state that in reach 1 water drains to a series 
of interconnected pit lakes by way eastern ditches along the eastern floodplain.  Similarly, during 
higher flows river water drains to pit lakes along the western floodplain in reach 2.    One of these pit 
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lakes has the capacity to store large volumes of river backwater (Metz and Lewelling, 2009).  As part 
of the earlier study, a high-flow seepage run was conducted to measure flow losses from the river 
channel and floodplain during higher flows in August 1995.   Total streamflow losses in a 7.2 mile 
reach extending from 3.7 to 10.9 miles below the Bartow gage was approximately 10 percent of river 
flow, or about 118 cfs, but it was noted that the magnitude of most seepage losses calculated during 
the high-flow run were within the range of discharge measurement error of five to eight percent 
(Lewelling and others, 1998).    

The results from these two USGS studies are provided only as an overview of some findings regarding 
the Upper Peace River.   However, it is emphasized the interactions of groundwater with flows in the 
Upper Peace River are spatially complex, involving both the intermediate and Upper Floridan 
aquifers.     In that regard, the SWFWMD (Gates, 2009) implemented a series of nested wells to 
examine relationships of water levels in the surficial, intermediate and Upper Florian aquifer in the 
vicinity of the Upper Peace River.  As with other documents cited in this report, readers are 
encouraged to obtain the original reports for thorough discussions of the interaction of groundwater 
with streamflow and other related topics pertaining to the Peace River. 

Other factors affecting flows in the Upper Peace River 

Four of the reports that are listed on page 5 and referenced extensively in this report discuss other 
factors affecting flows in the Upper Peace River, with the broadest assessments provided by 
SWFWMD (2002) and PBS&J and others (2007).    As previously discussed, long-term changes in 
rainfall with generally greater yearly rainfall totals in the 1950s and 1960s have been acknowledged 
as a major factor affecting streamflow trends in the Peace River.   As also discussed, groundwater 
drawdowns have also been an important factor contributing to declining flows in the Upper Peace 
River.   However, there have been physical and structural alterations to the Upper Peace River sub-
basin which have also likely played roles in the observed flow trends.  

Phosphate mining in the drainage basin of the Upper Peace River  -  Figure 16 shows the distribution 
of major land uses within the drainage basin of the Upper Peace River for the year 2005.   It is clear 
that phosphate mining is a major land use with much of the mining in very close proximity to the 
Upper Peace River, which in Figure 16 extends to the Polk/Hardee County line.   Using data from 
1999, SWFWMD (2002) reported that 26.2% of the drainage basin above the Zolfo Springs gage 
(which is located approximately 10 miles south of downstream limit of Figure 16) has been mined, 
but points out that much of the mined land is above Ft. Meade and also in the Payne Creek sub-basin.    

Much of the mining in the drainage basin of the Upper Peace River was done before the state of 
Florida first required mandatory reclamation of mines lands in 1975, while other areas were mined 
when the reclamation standards are not what they are today.    There are extensive clay setting areas 
located in very close proximity to the floodplain of the Upper Peace River, which have entirely  
different physical properties in terms of water storage and transmission than the landscape prior to 
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mining (Brickman and Koening, 2007 as cited by Metz and Lewelling, 2009).   Also, many small natural 
stream channels were mined in the upper river basin.    

More thorough descriptions of the history and distribution phosphate mining and its effects on the 
physical hydrography of the Upper Peace drainage basin are provided by the five reports listed on 
page 5, plus an earlier USGS report about hydrologic differences between mined and unmined lands 
(Lewelling and Wylie, 1993).     Based on those findings and other work in the region, it is reasonable 
to conclude that the extensive mining along the banks and in the watershed of the Upper Peace River 
that was done over many earlier decades has had a significant effect on the river’s hydrology. 

Reduction or elimination of wastewater discharges  -  An important factor that could have affected 
the hydrographs and trends for low and medium flows in the Upper Peace River was the reduction or 
elimination of wastewater discharges.   The report by SWFWMD (2002) claims that beginning around 
1985 a number of wastewater discharges to the upper river were either reduced  or eliminated, 
including water used for phosphate mining and processing, discharges from associated chemical 
plants and several wastewater treatment plants.    

As mentioned on page 11, the phosphate industry used to pump more ground water than they do 
now, but much more of this water made its way to the Peace River and its tributaries.     
Improvements in water use efficiency, conservation and retention by the industry has reduced these 
flows to the river.   Relatively large reductions in phosphorus and fluoride concentrations in the upper 
river and at the Arcadia gage indicate that a significant sources related to mining activity were 
reduced or eliminated around 1985 (SWFWMD, 2002).     

The flow of excess water from mining activities may be partially why there were high values for low 
and medium flows at the Bartow gage in the 1950s and 1960s.   A similar rise in low flows was 
observed in the Alafia River, where extensive mining also occurred during this time (SWFWMD, 
2008).  It is again reiterated that wet climatic conditions were also a major factor during those 
decades, which also would resulted in increased flows resulting from mining activity during that time. 

Additional reductions in low flows in the Upper Peace River were likely partly due to the removal of  
point source discharges in the basin.  For example, in 1987 approximately 14 to 16 cfs of wastewater 
from the City of Lakeland’s municipal treatment plan was removed from the Stahl Canal, which 
flowed to upper river system via connections through Banana Lake, Lake Hancock and Saddle Creek 
(SWFMD, 2002).   Although the effects of groundwater withdrawals resulted the Upper Peace River to 
lose water to the underlying aquifers in the 1950s and 1960s, low flows in the river channel were not 
as noticeably affected because these losses were partially offset or masked by an increase in 
wastewater discharges to the river.  As these discharges were reduced or eliminated, the reductions 
in low flows became more apparent.  
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Other physical alterations of the drainage basin of the Upper Peace River   

In addition to extensive phosphate mining there have been other physical modifications of the basin 
of the Upper Peace River sub-basin.  The reports by SWFWMD (2002) and PBS&J and others (2007) 
provide detailed descriptions of other changes that have occurred over time in the major sub-basins 
that comprise the Upper Peace River basin.   The two major sub-basins that contribute flow to the 
Upper Peace River at the Bartow gage are the Saddle Creek sub-basin, which includes the inflows and 
outflows from Lake Hancock, and the Peace Creek sub-basin to the east.    These two creeks join 
about one mile above the Bartow gage to form the Peace River.    

Both the Peace Creek and Saddle Creek sub-basins are not typical stream catchments as they do not a 
well defined dendritic network of streams.  Instead, these sub-basins are physically complex with 
headwater lakes, water control structures, drainage canals and some areas that are internally 
drained.    Groundwater drawdowns have interacted with these physical characteristics to reduce 
flows contributions to the Upper Peace River.  

Modifications to the Peace Creek drainage basin - SWFWMD (2002) describes the creation of several 
local drainage districts in the Peace Creek drainage basin in the early part of the 20th century and 
construction of canals as part of the Peace Creek Drainage Canal.   These canals allowed for improved 
drainage and may have lowered groundwater and surface water levels in the region (SWFWMD, 
2002).   Additionally, Johnson (1960 as cited by SWFWMD, 2002) reported the Peace Creek drainage 
basin received more drainage from the Green Swamp to the north before construction of the Atlantic 
Coastline railroad track and U.S. Highway 17&92.    Pride and others (1966) also suggested that the 
construction of levees, ditches, highways and railroad fills and other drainage improvements reduced 
the drainage from the Green Swamp area to the headwaters of Peace River basin in northern Polk 
County.   

In my opinion, it is difficult to evaluate the net effect of the drainage modifications in the Peace Creek 
sub-basin, but whatever these effects have been they are reflected in the flows at the Peace River at 
Bartow gage, which has experienced significant flow declines over the years.  

Control structures on headwater lakes -  Another significant alteration of the drainage basin of the 
Upper Peace River include the placement of water control structures and management of water 
levels on many of the headwater lakes that are occur in the Peace Creek and Saddle Creek sub-basins.  
While the effects of these modification are uncertain and somewhat speculative, the report by 
SWFWMD (2002) suggests that there was a considerable loss of lake storage associated with 
modification of these lakes and the construction and connection with of the Peace Creek Drainage 
Canal system.    

As described later in this report, the SFWWMD has pursued a project in the Saddle Creek sub-basin to 
raise water levels in Lake Hancock in an effort to release water to the Upper Peace River to help 
achieve minimum flows. 
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Alteration of natural stream catchments and channels  -  In their assessment of cumulative impacts 
to the Peace River and its watershed, the report by PBSJ and others (2007) includes a section on the 
loss of natural stream channels throughout Peace River watershed between the 1940s and 1999.    
They considered the loss of a natural stream channel could result from modifications such 
channelization, filling, grading, and otherwise altering natural streams.  They found that a total of 347 
miles of natural stream channels had been lost throughout the Peace River watershed, with the 
largest losses resulting from mining (101.2 miles), agriculture (64.5 miles) and urban (37.5 miles) land 
uses.    

They state that most of the losses were to smaller first and second order streams rather than to the 
river channel, although a portion of the Peace River below Lake Hancock has been channelized.  They 
also point out that streams already channelized before the 1940s were not counted, so the estimate 
of stream segments that were lost are conservative.    Since the 1940s, they found that the largest of 
natural stream channels was in the Lower Coastal Peace sub-basin (77.5 miles), followed by sub-
basins in or near the upper river including Payne Creek (66.9 miles),  the Peace River at Bartow (57.8 
miles) and the Peace River at Zolfo Springs (31.6 miles).  Urban land uses resulted in the most natural 
stream loss in the Lower Coastal sub-basin, while mining resulted in the most stream loss in the sub-
basins in the upper river.    

The report by Metz and Lewelling (2009) includes maps of the surface drainage network of the Upper 
Peace River sub-basin for historical (1850-1855) and recent (1985) conditions.  They also point out 
that many stream channels were altered by phosphate mining and agricultural activities.   The state 
that the altered streams previously had dendritic (branched) drainage patterns and channels that 
were longer than their current configuration. 

Relationship of physical and structural alterations to the determination of minimum flows    

Minimum flows are intended to manage the effects of water withdrawals on streamflow and natural 
systems, as Chapter 373.042 defines minimum flows as “the limit at which further withdrawals would 
be significantly harmful to the water resources or ecology  of the area.”     However, in addition to 
water withdrawals other human modifications to stream catchments can affect the flows of rivers 
and streams, so Section 373.042(1) F.S. states that when establishing minimum flows the governing 
board “shall consider changes and structural alterations had had, and the constraints such changes or 
alterations have placed on the hydrology of the affected watershed, surface water, or aquifer, 
provided that nothing in this paragraph shall allow significant harm as provided by S. 373.042(1) 
caused by withdrawals.”  In essence, the District is to evaluate and account for the effects of previous 
structural alterations on a watercourse when assessing the potential for withdrawals, whether from 
ground water or surface water, to cause significant harm to the natural systems of a stream or river.  

The combined findings of studies and assessments of the Upper Peace River basin indicate the 
observed declines in flows in the Upper Peace River are due to a combination of changes in rainfall, 
groundwater withdrawals in the region, and physical and structural alterations in the upper river’s 
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drainage basin.  In their minimum flows report for the Upper Peace River, SWFWMD (2002) concluded 
that while the medium and high flows in the Upper Peace River in recent decades “are not adequate to 
protect ecological resources across the entire flow regime, the inability to achieve those flows in a 
quantitative way cannot, at this time, be adequately partitioned among the various controlling factors 
(rainfall, structural alterations and changes, withdrawals).”   

For that reason, minimum flows for medium and high flows were not adopted for the Upper Peace River 
at that time (2002).   However, SWFWMD suggested that the findings of the report could be used to be 
used to develop strategies to restore components of the rivers flow regime and natural systems by a 
combination of physical, regulatory, and other water management techniques.  They also suggested that 
a full range of minimum flows could be adopted in the future, but will likely require the development of 
additional tools such as an integrated ground water / surface water model of the river to better 
differentiate between the effects of withdrawals versus other changes in the watershed. 

Although minimum flows for the entire flow regime of the Upper Peace River have not been adopted at 
this time, it is clear that the entire flow regime of the river has been affected by human activities.   The 
findings that support this conclusion are the significant declining trends at the Bartow gage, the 
documented effects of groundwater drawdowns on flow losses in the Upper Peace River, and the 
frequent flow deficits observed between the Bartow and Ft. Meade gages which occur over a wide range 
of flows.   Considering these findings, it is my conclusion that with the possible exception of some 
extremely high flows, no withdrawals should be allowed from the Upper Peace River above the 
confluence with Payne Creek until minimum flows for medium and high flows for the upper river are 
adopted, as it could well be determined the entire flow regime of the Upper Peace River upstream of 
Payne Creek is in recovery.   

Lake Hancock modifications 

As mentioned on page 24, the SWFWMD has pursued a large project on Lake Hancock to improve the 
quantity and quality of the water flowing from the lake to the Upper Peace River via Saddle Creek.   The 
project has two primary components.    The first was to replace the water control structure at the lake in 
order to raise the operating levels in the lake to reflect more historic water levels.  This increases the 
water storage in Lake Hancock, allowing more water to be released to Saddle Creek and the Upper 
Peace River in the dry season to help meet the adopted minimum flows for the upper river.     

The Lake Hancock project also involved the construction of a 1,000 acre treatment wetland near the 
outlet of the lake to remove particulate matter and improve the water quality of the water leaving the 
lake in order to reduce the nutrient load to the Peace River and Charlotte Harbor.  Both of these projects 
have been completed, but the full establishment of the marsh vegetation in the treatment wetland is 
still underway.    

The separate outlet structures at Lake Hancock and the treatment marsh are gaged to measure flow.  
The SWFWMD accesses flow data from these sites on a real-time basis to release water to Saddle Creek 
in the dry season to help meet the minimum flows for the Upper Peace River.  This is a promising 
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strategy, but it may be easier to meet the minimum low flow at the Bartow gage as opposed to the Ft. 
Meade gage due to water losses between these two sites.  

Morphological characteristics of the Upper Peace River and its floodplain - Considerations for the 
location of possible future withdrawals 

The morphological characteristics of the Upper Peace River and the hydrological requirements of 
floodplain wetlands associated with the upper river also pertain to my recommendation that with the 
exception of some extremely high flows, no withdrawals be obtained from the Upper Peace River above 
the confluence with Payne Creek.   Figure 17 shows a map of wetland types along the upper river above 
Zolfo Springs. These wetlands were identified by U.S. Fish and Wildlife’s National Wetlands Inventory, 
with the map adapted from the minimum flows report for the upper river (SWFWMD, 2002).   

The light-green color in the map denotes deciduous wetlands that are semi-permanently flooded 
(P_FO6_F in the key).    These wetlands are widely distributed from just above Bartow to Ft. Meade, but 
are much less abundant below there where the river becomes more incised.  The blue color (P_FO6_C) 
denotes broad-leaved deciduous wetlands that are seasonally flooded, which are also widespread in this 
same reach but extend a little below Ft. Meade with isolated pockets located farther downstream.     

Approximately two miles below Ft. Meade, broad leaved deciduous forests that are temporarily flooded 
(pink, P_FO1_A) become more abundant due to changes in the morphology of the river floodplain.   
Farther downstream about two miles below Bowling Green just below the confluence with Payne Creek, 
these wetlands then become less abundant.  From there, uplands (gray, U) become more common, 
although there are pockets of seasonal and semi-permanent wetlands farther downstream, particularly 
between Wauchula and Zolfo Springs. 

The minimum flows report by SWFWMD (2002) presented graphs and tables that showed the 
hydroperiods of these wetlands have been greatly reduced due to the flow declines that have occurred 
in the Upper Peace River.   These hydroperiod reductions have been most acute and have probably had 
the most pronounced ecological impacts in the semi-permanent and seasonally flooded wetlands in the 
upper reaches of the river above Bowling Green.    Further withdrawals would only worsen the 
hydrologic conditions in these wetlands which are a critical part of the river ecosystem, supporting the 
conclusion there should be no withdrawals from the upper reaches of the Peace River.  

Given the distribution and hydrologic requirements of these wetlands, there should be no new 
withdrawals for any purpose above the confluence with Payne Creek.   An exception could be the 
infrequent diversion of extremely high flows that inundate uplands, homes or crossings in the upper 
reaches of the river.   No withdrawals should be allowed above Payne Creek that reduce the 
hydroperiods of riverine wetlands upstream of that location. 

Considerations for the locations of possible withdrawal points to capture high flows farther downstream 
are discussed in the following section, which discusses the status of flows in the middle and lower 
reaches of the Peace River. 
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Streamflow characteristics of the middle and lower Peace River and its tributaries  

The spatial patterns of land and water use in the middle and lower reaches of the Peace River 
watershed are very different from that of the upper river.    Consequently, the human effects on 
streamflow are different as well.  In the following section, time series and trends in streamflow and 
are compared between the Upper Peace River with the middle and lower reaches of the river.  The 
differences in these streamflow characteristics are briefly discussed with regard to spatial differences 
in the region’s physiography, hydrogeology, and patterns of land and water use as they pertain to 
determining preferable locations for obtaining water supplies while minimizing the potential for 
adverse environmental impacts.   

Land use  -  Maps of the distribution of four major land use categories in the Peace River watershed 
are shown in Figure 18 for the 1940s, 1979, and 1999.     The maps, which are adapted from the 
cumulative impact study of PBS&J and others (2007), show the distributions of improved pasture, 
intensive agriculture, urban development and mining.   That report can be viewed for detailed 
discussions of the changes in land use over time in the major sub-basins in the Peace River 
watershed. 

The major drainage sub-basins in the watershed are labeled in the map for the 1940s land use.  It is 
apparent from Figure 18 that mining has greatly increased in the sub-basins of the Upper Peace River, 
including the sub-basin of Payne Creek.   Apparently, since 1999 there has been some additional 
mining including in the Horse Creek sub-basin, but I did not check any more recent land use coverage 
maps or data. 

Urban land uses are centered in two locations.  First, in the Upper Peace River basin, particularly in 
the area of the headwater lakes in and near the cities of Lakeland and Winter Haven.  Second, in the 
very lower region of the watershed along the tidal reach of the river associated with the cities of Port 
Charlotte and Punta Gorda.   In between these two areas, other smaller urban areas are associated 
with the towns of Bartow, Ft. Meade, Bowling Green, Wachula, Zolfo Springs and Arcadia. 

Agricultural land uses are widespread in the middle and lower regions of the watershed.   Of  
particular note is the increase in intensive agriculture (row crops and citrus) in the sub-basins of 
Joshua and Shell Creeks and the Peace Arcadia and Lower Peace sub-basins.  These agricultural land 
uses have much greater water use rates than improved pasture, which is often not irrigated or at 
much less rates. 

Hydrogeologic characteristics  - The hydrogeology of all or parts of the Peace River watershed is 
described in a number of documents (Lewelling and Wylie, 1993; Lewelling and others, 1998; 
SWFWMD, 2002; Basso, 2003; PBSJ and others, 2007; Metz and Lewelling, 2009).   Briefly, there are 
three recognized aquifer systems in the region.  As described by Basso (2003), at the surface and 
extending up to several tens of feet thick is the unconfined surficial aquifer. It is generally comprised 
of unconsolidated quartz sand, silt, and clayey sand. Underlying the surficial aquifer is the confined 
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intermediate aquifer system which consists of a series of thin, interbedded limestone and phosphatic 
clays of generally low permeability. The third aquifer system, which underlies the intermediate 
aquifer system, is the confined Floridan aquifer system which is composed of a series of limestone 
and dolomite formations.    
 
The Floridan aquifer if further divided into the Upper Floridan aquifer and the Lower Floridan aquifer, 
which are separated by a middle confining unit.  Because of its poor, briny water quality, deeper 
depth and limited ability to yield water, the Lower Floridan aquifer is primarily used for disposal of 
industrial waste through deep well injection.  Water supplies for municipal, industrial, and 
agricultural use are obtained from the higher quality and more productive Upper Floridan aquifer.    
 
An important characteristic is that the surface of the Upper Floridan aquifer is closer to the land 
surface in the upper reaches of the Peace River watershed.  The Upper Florida aquifer becomes 
gradually deeper in southerly and westerly directions and is more hydraulically isolated from the 
surficial aquifer and the streams channels in the lower reaches of the Peace River watershed due the 
presence of thicker confining units.  This has important implications on how groundwater 
withdrawals interact with streamflow in different regions of the Peace River watershed. 
 
Streamflow trends in the middle and southern regions of the Peace River watershed 
 
In addition to a number of smaller streams, there are five major tributaries that flow to the Peace 
River south of Bowling Green, which from north to south are Payne Creek, Charlie Creek, Joshua 
Creek, Horse Creek, and Shell Creek (Figure 18).    Flow statistics for these creeks dating from 1975 
were listed in Table 3, with this time period chosen to be consistent with the period of record for the 
Peace River at Ft. Meade gage.  It was discussed on page 9 that since 1975, the rates of area-based 
runoff in average cfs per square mile from these creek sub-basins are markedly greater than for the 
Upper Peace River sub-basins measured by the gages at Bartow and Ft. Meade. 
 
Flow records for four of these creeks go back to before 1975, which allows for an interesting 
comparison of flow trends with the Peace River.  The first year of complete daily records begins in 
1951 for Charlie, Horse and Joshua Creeks, while the first year of complete daily records for Shell 
Creek is 1965 and 1980 for Payne Creek.    Trends in flows at these creeks are discussed, but it is first 
useful to examine hydrographs for gages on the Peace River at Zolfo Springs and Arcadia for 
comparison.  
 
Flows at Zolfo Springs and Arcadia  - Hydrographs of yearly values for average annual flows, P5, 
median (P50) and P90 flows are presented for the years with complete daily records for the gages on 
the river at Zolfo Springs and Arcadia (Figure 19 and 20).   The records are quite long, beginning in 
1931 at Arcadia and 1934 at Zolfo Springs.  The hydrographs for these gages appear similar to the 
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long-term hydrographs for the Bartow gage in that generally higher values were observed in the 
decades prior to the 1970s.   However, the declines in the flow parameters generally don’t appear as 
pronounced as those shown for the Bartow gage (Figure 3).   This is confirmed by the differences in 
the Tau statistics, p values, and relative slopes in the statistical trend tests that were presented in 
Table 4 (page 13). 
 
There has been a dramatic drop in the low flows at Zolfo Springs as evidenced by the hydrograph of 
the P5 low flows (Figure 19C).   The SWFWMD has adopted minimum low flow of 45 cfs at the Zolfo 
Springs gage, which is to be met 95% of the time each year, equivalent to the P5 flow shown in Figure 
19C.  In the 66 years of record prior to the year 2000, the minimum flow was met all years with the 
lowest P5 value of 52 cfs in the 1985 drought.   However, in the 18 years since the year 2000 the 
minimum flow has not been 11 times, with the lowest P5 value (7 cfs) recorded in the year 2000.    
The years with below average rainfall that have periodically occurred since the severe drought in 
1999-2001 have been a factor, but there were also some droughts in earlier decades and it appears 
that human factors have contributed to the decline in low flows at the Zolfo Springs gage.  As 
discussed on page 14, there were also significant declines in the medium and high flows, but the 
trends were most pronounced at low flows, as this appears to be the component of the flow regime 
of the Peace River that has been most affected.  
 
The time series plots of the yearly flow parameters at the Arcadia gage shows similar patterns to the 
Zolfo Springs, with the lowest P5 values recorded since the year 2000.  The lowest values for the 
other parameters shown were also in the year 2000, with the exception of a nearly equal minimum 
value of 338 cfs for the P90 flow in 2007 when the combined rainfall deficit for that year and 2006 
was 26.9 inches.   The average yearly flow value in 2007 was also very close to the minimum average 
yearly flow in the year 2000.   
 
It is encouraging to point out that flows at all gages in the river have increased in recent years, as 
there has been average or above average rainfall since 2014.   Graphs of average yearly flows and 
other flow parameters at all gages on the river have shown increases in the last four years.  An 
interesting variation to this is the very low P5 values in 2017, as that year started off very dry, but had 
above averages wet season rains (Figure 2B) which resulted in very high P90 and annual average 
flows.    Flows have generally been generally above average during 2018 as there has been above 
average rainfall through the month of August.  
 
Flows in major tributaries -  Hydrographs of the same yearly flow parameters are shown for the 
Payne, Charlie, Joshua, Horse, and Shell Creeks in Figures 21 through 25.   For Charlie and Horse 
Creeks (Figures 21 and 22), where flow records go back to 1951, the declines in flows from before the 
1970s to later decades are not as readily apparent as for the gages on the river.    These are much 
smaller sub-basins compared to the river and have different hydrographic characteristics, so some 
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natural differences in long-term flow patterns can be expected.    Similarly, they have different 
hydrogeologic characteristics, especially compared to the upper river, which could also result in 
differences in the streamflow response to changes in long-term rainfall. 
 
The sub-basins of Charlie and Horse Creeks, however, also have less intensive land and water use 
than the sub-basin for the Upper Peace River.  This has likely contributed to differences in their flows 
over time compared to the Peace River, especially in its upper reaches were human impacts to flows 
have been most pronounced.  For a recent treatment of the hydrologic characteristics of Charlie 
Creek, readers should consult the report by Lee and others (2010), which evaluates of the effects of 
groundwater levels and headwater wetlands on flows in Charlie Creek.   The flow regime of Charlie 
Creek probably represents the natural hydrology of lightly altered drainage basin in the Peace River 
watershed (SWFWMD, 2005A).   
 
With flow records also going back to 1951, a very different pattern is seen for Joshua Creek (Figure 
23).   There is no apparent trend in average yearly flows, but the P5 low flows and median flows are 
increasing.    Other articles and reports have concluded these increases in low and medium flows in 
Joshua Creek are the result of agricultural irrigation. Excess irrigation waters can directly reach the 
stream, plus irrigation can supplement the surfical aquifer which can increase baseflow and also 
result in greater runoff after storm events due to more saturated soil conditions (Flannery and 
Barcelo, 1998; PBS&J and others, 2007).  
 
Compared to the upper reaches of the Peace River, the top of the Upper Floridan aquifer is deeper 
and more isolated from the surficial aquifer and surface water features in the Joshua Creek sub-basin.  
Groundwater withdrawals therefore do cause similar effects on streamflow losses, as pumpage of the 
deep groundwater to the land surface for irrigation can result in increased streamflow as just 
described.   Similar increases in low flows have also been documented in the Little Manatee and 
Myakka Rivers, which have similar hydrogeologic characteristics, due to the effects of extensive 
agricultural irrigation within their watersheds (Flannery and others, 1992; SWFWMD, 2011).    
   
Daily flow records for complete years go back to 1980 for Payne Creek, which flows into in the upper 
river near Bowling Green.   As discussed on page 9, flows from Payne Creek are very important to 
improving the flow conditions and sustaining the river below Ft. Meade.   The Payne Creek sub-basin 
is complex, as there has been extensive mining there with reclamation in various stages of 
succession.   In a report prepared for the Florida Institute of Phosphate Research, Schreuder Inc. 
(2006) concluded that for Payne Creek and a series of other streams that have had extensive mining 
in their drainage basins, flows have not been reduced by mining activities in part due to reduced 
evapotranspiration from the mined/reclaimed  lands.    There have been concerns expressed, 
however, that as vegetation growth and succession proceeds on reclaimed lands evapotranspiration 
rates may increase. 



32 
 

                                                                                                                                                                  
Hydrographs for yearly flow parameters for Payne Creek are shown in Figure 24, with the horizontal 
axis extending back to 1950 for easier comparison to the hydrographs for the three creeks with 
longer flow records.     All parameters show expected variations between wet and dry years since 
1980.  Similar to the downstream gages on the river (Zolfo Springs and Arcadia), the P5 low flows 
remained fairly high before the year 2000 then dropped to lower values in very dry periods since 
then.  I have no work experience in Payne Creek and don’t know if possibly there were changes in 
discharges from mines or other facilities may have influenced these values, but there were droughts 
in 1981 and 1985 and low P5 values would have been expected then. 
 
Of special significance to the Peace River is Shell Creek, which as described on page 9, comprises the 
largest tributary sub-basin in the Peace River watershed and has the highest average flow (348 cfs) 
for comparison purposes since 1975 (Table 3).  Shell Creek is located the southeastern region of the 
Peace River watershed, flowing into the Peace River about eight miles upstream of the river mouth at 
Charlotte Harbor.  Shell Creek is impounded by a low-head weir about six miles upstream of its 
confluence with the river.  During the dry season, brackish waters from the tidal reach of Shell Creek 
can extend up to the weir.  The USGS streamflow gage Shell Creek near Punta Gorda measures 
freshwater flow over the top of the weir.  The City of Punta Gorda has obtained municipal water 
supplies from the small reservoir created by the weir since the 1940s.   Water use as increased slowly 
over the years, with yearly water use rates of 2 to 3 million gallons per day (mgd) in the 1970s 
increasing to a maximum average water use rate of 5.4 mgd (equal to 8.4 cfs) in 2017.   For much of 
the year, the water use by the City of Punta Gorda comprises a small fraction of the flow at the weir, 
but can comprise an appreciable portion of the flow during dry periods, resulting in brief periods of 
near zero flow at the weir during droughts.  
 
Hydrographs of yearly flow parameters for Shell Creek at the weir are shown in Figure 25.   
Withdrawals by the City of Punta Gorda were added into the flow record to represent changes in the 
total flow of Shell Creek over time.   Although the flow records start in 1965, the horizontal axis goes 
back to 1950 for easier comparison to the hydrographs for Charlie, Horse, and Joshua Creeks.   There 
are no visually apparent flow trends with Shell Creek, but the P5 low flows show a period of relatively 
high values in the 1990s due to climatic conditions.   It is also noted the P5 flows were lowest in the 
1970s, even though there were several very dry years between the years 2000 and 2013.   Similar to 
nearby Joshua Creek, evidence indicates that increased agricultural land use and irrigation has 
contributed to increasing low flows in the Shell Creek sub-basin (PBS&J and others, 2007). 

For a more quantitative comparison of changes of flows in the creeks compared to the Peace River, 
the non-parametric Mann-Kendall test was applied to the yearly flow parameters over time and a 
linear regression of each flow parameter as a function of year was developed.  The results of these 
statistical tests for the four tributaries where flow records extend prior to the 1970s are presented in 
Table 6, along with results for the three long-term gages on the river (Bartow, Zolfo Springs, and  
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Gage, flow period, and yearly 
statistic tested for trend Tau p Slope             

cfs per year p Slope as % of 
mean value

Slope as  % of 
median value

Average Yearly Flows
Charlie Creek                (1951-2017) -0.029 0.725 -0.84 0.4060 0.32% -0.38%
Horse Creek                  (1951-2017) -0.058 0.458 -0.58 0.4110 0.31% -0.33%
Joshua Creek                (1951-2017) 0.083 0.322 0.03 0.5025 0.02% 0.02%
Shell Creek                    (1965-2017) 0.154 0.1039 2.38 0.1110 0.65% 0.69%

Peace nr. Bartow          (1951-2017) -0.184 0.0276 -2.30 0.0270 1.13% -1.46%
Peace at Zolfo Springs  (1957-2017) -0.163 0.0508 -4.25 0.0440 0.75% -0.92%
Peace at Arcadia           (1951--2017) -0.099 0.2366 -5.91 0.0995 0.59% -0.62%

Yearly P5 (Low) Flows
Charlie Creek                (1951-2017) -0.041 0.6222 -0.03 0.4510 0.45% -0.38%
Horse Creek                  (1951-2017) -0.099 0.2360 0.03 0.4616 0.57% 1.02%
Joshua Creek                (1951-2017) 0.500 <.0001 0.18 0.0247 2.30% 3.20%
Shell Creek                    (1965-2017) 0.190 0.0440 0.25 0.2579 0.92% 1.43%

Peace nr. Bartow          (1951-2017) -0.527 <.0001 -0.99 <0.0001 3.48% -5.80%
Peace at Zolfo Springs (1957-2017) -0.489 <.0001 -2.15 <0.0001 2.12% -2.47%
Peace at Arcadia          (1951--2017) -0.369 <.0001 -2.20 <0.0001 1.70% -2.12%

Yearly P50 (Median) Flows
Charlie Creek                (1951-2017) -0.099 0.2380 -0.72 0.0940 0.90% -1.25%
Horse Creek                  (1951-2017) -0.084 0.3167 -0.44 0.1208 0.79% -1.15%
Joshua Creek                (1951-2017) 0.281 0.0008 0.33 0.1044 1.04% 0.36%
Shell Creek                    (1965-2017) -0.032 0.7357 -0.32 0.6420 0.21% 0.23%

Peace nr. Bartow          (1951-2017) -0.327 <.0001 -2.57 0.0003 2.19% -3.10%
Peace at Zolfo Springs  (1957-2017) -0.268 0.0014 -3.96 0.0021 1.19% -1.36%
Peace at Arcadia           (1951--2017) -0.204 0.0144 -5.87 0.0056 1.16% -1.43%

Yearly P90 (High) Flows
Charlie Creek                (1951-2017) -0.022 0.7909 -2.160 0.4900 0.28% -0.33%
Horse Creek                  (1951-2017) -0.075 0.3719 -1.596 0.4222 0.30% -0.36%
Joshua Creek                (1951-2017) 0.007 0.4232 0.674 0.5354 0.23% 0.26%
Shell Creek                    (1965-2017) 0.149 0.1141 7.420 0.1253 0.74% 0.87%

Peace nr. Bartow          (1951-2017) -0.101 0.2254 -3.030 0.2638 0.59% -0.76%
Peace at Zolfo Springs  (1957-2017) -0.082 0.3299 -5.190 0.3370 0.39% -0.46%
Peace at Arcadia          (1951--2017) -0.052 0.5373 -10.535 0.2906 0.41% -0.45%

A. Mann-Kendall B. Linear Regression

Table 6.   Results of trend tests of yearly flow statistics (means, P5, median, and P90 flows) for three x               
x               long-term gages on the Peace River and Charlie, Horse and Joshua Creeks for the period 1951  
x               to 2017, with the period for Shell Creek beginning in 1965.   Results are presented for (A) the      
x               non-parametric Mann-Kendall test and (B) linear regression of each yearly flow statisitc as a        
x               function of year.  P is  the probability of type 1 error or that there is no trend.  P values less than 
x               0.10 are highlighted in bold. 
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Arcadia).     For a consistent comparison, the trend tests for all ages begin with flows recorded in 
1951 for all gages, except Shell Creek where the flow records begin 1965.  Trend tests were not 
performed on Payne Creek due to the shorter period of record. 

The results in Table 6 should be interpreted as described on pages 12 and 13 for Table 4, which 
listed results for the same statistical tests for the long-term gages on the river over a longer time 
period (1940 to 2017).  Again, p values for tests had significance levels of less than 0.1 are 
highlighted in bold.  There was a tendency for significant declining trends for the gages on the river.   
This was not the case for the P90 high flows, where the p values were relatively high indicating no 
trend.   Also, there was no significant trend for average annual flows for the Peace River at Arcadia 
using the Mann-Kendall test, but the results for the yearly P5 and median flows for all three long-
term gages on the river had significant declining trends using both the tests.    Again, the trends 
were most pronounced at the Bartow gage, as evidenced by the larger Tau values, the greater 
relative slopes using the linear regression, and the greater significance levels (lower p values) for 
both tests compared to the gages at Zolfo Springs and Arcadia.  

Very different results were found for gages on the creeks for the post-1951 time period, although 
they experienced what were likely very similar climatic trends.    There were no significant declining 
trends except for median flows on Charlie Creek.    There were significant increasing trends P5 low 
flows and median flows on Joshua Creek, supporting the patterns in the long-term hydrographs 
shown in Figure 23.   Again, these are smaller sub-basins with different hydrographic and 
hydrogeologic characteristics, but I believe the human impacts to flows in the Peace River, which 
are most acute in the upper river, also influence the differences in these results. 

The trends for Shell Creek, which was over a shorter period of record (1965-2017), showed no 
evidence of declining trends.  There was an increasing trend for P5 low flows in Shell Creek using the 
Mann-Kendall tests, and some evidence of an increasing trend in P90 high flows using both tests 
with p values of 0.1141 and 0.1253.   These results should not be over-interpreted or directly 
compared to the results for the river due to the different time periods analyzed.  It can be 
concluded though, that in over fifty years of streamflow records for Shell Creek there is no evidence 
that the flows are declining.  

Collectively, these results demonstrate how important the five major creeks from Payne Creek to 
Shell Creek are to sustaining hydrologic and ecological characteristics of the Peace River.  In general, 
it does not appear that flows in the Peace River are in a steady rate of decline.  Although not 
presented in this report, with the exception of P5 flows statistical tests found no declining trends at 
the long-term gages on the river after 1975, similar to the findings of other studies (Flannery and 
Barcelo, 1998; PBS&J and others, 2007; SWFWMD, 2010A).  There was some statistical evidence of 
declining P5 low flows at the Bartow, Zolfo Springs and Arcadia gages since then which may be 
cause for concern, but the frequency of dry years with well below average rainfall between 2000 
and 2013 has been a factor. 
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I conclude that impacts to the flows of the Upper Peace River that occurred over earlier 
decades have extended into the 1970s and beyond. The flow regime of the river has how 
largely stabilized, but generally at less flows compared to pre-impacted conditions.   The extent 
that flows have been reduced becomes more pronounced further upstream.  In that regard, the 
flow contributions of the tributaries that have not been so impacted are very important to 
maintaining the existing environmental characteristics of the Peace River and make the 
feasibility of achieving additional water supplies from the river much more likely at locations 
farther downstream. 

The withdrawal of high flows - considerations for intake locations and designated water uses 

It is interesting that the trend analyses beginning in 1951 did not find significant trends in the 
high flow parameter that was tested (yearly P90 flows), but that could probably be expected.  It 
may be that given enough rainfall, some of the impacts to the upper river are overcome and 
high flow rates occur similar what occurred in earlier decades.   Metz and Lewelling (2009) 
suggest that the filling of cavities and voids below the Upper Peace River above Ft. Meade 
occurs at an increasing rate at the beginning of the summer wet season, so losses to the 
groundwater system might be reduced later in the wet season as these cavities and voids are 
filled.  Prolonged high flows during other times of year may function similarly.  Also, storm 
runoff rates from some urban and agricultural lands in the Peace River watershed are probably 
higher than occurred from more natural, pre-development land covers. 

The continuation of high flows during recent years is apparent in the daily records of the river.  
The report by SWFWMD (2002) made the interesting observation that after three years of 
severe drought, Tropical Storm Gabriel passed over the Peace River watershed in September 
2001 and produced very high flows, resulting in a peak daily flow rate of 20,700 cfs at Arcadia, 
which with the exception of a similar peak flow of 20,900 cfs in 1960, had not been exceeded 
since 1949.   Similarly, a peak flow rate of 21,700 cfs at Arcadia occurred in the summer of  
2017, which is one of the highest daily flow rates on record.    During this same event, the peak 
flow of 37,567 cfs from the four gages that contribute flow to the lower river (Peace-Arcadia, 
Horse, Joshua, and Shell Creeks) was the highest on record since 1965. 

It is sometimes suggested that some of the high flows in the Peace River could be diverted and 
put into storage facilities for water supply.   This certainly seems like a feasible scenario, but 
must be done with caution with regard to the quantities taken and the location of withdrawals. 
High flows perform important ecological functions in river systems including transporting large 
woody debris and organic matter, the inundation of floodplain wetlands, and the increase in 
habitat and food resources for fish and a variety of wildlife.  Given the importance of high flows  
to river ecosystems, the determination of the best location and withdrawal quantities would 
require detailed study to simulate the effect of diverting different quantities of water at various 
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rates of flow.   It is not recommended that the diversion of low and medium flows be 
considered, as these components of the flow regime of the Upper Peace River have been most 
affected by human activities in the watershed.  

Withdrawals of high flows between Bowling Green and Zolfo Springs  -  As described on page 
27, the morphology of the Peace River changes below the confluence of Payne Creek near Ft. 
Meade.  Above there, the river floodplain contains extensive areas of seasonally and semi-
permanently flooded wetlands.    As described in the minimum flows report for the Upper 
Peace River, declining flows in the upper river have resulted in dramatic reductions in the 
hydroperiods of these wetlands (SWFWMD, 2002).    

To prevent additional harm to these wetlands and the instream habitats of the upper river, I 
suggest that no withdrawals be allowed from the Upper Peace River or its tributaries above the 
confluence of Payne Creek, which is approximately nine miles south of Ft. Meade and two miles 
southeast of Bowling Green.   An exception to this might be the infrequent diversion of some 
very high flows from the upper reaches of the river that are inundating uplands, roads, homes 
or bridge crossings.   Such diversions would have to be carefully assessed to not reduce the 
hydroperiods of riverine wetlands in the upper reaches of the river above Payne Creek. 

The diversion and storage of high flows from the river below Payne Creek would be more 
hydrologically feasible and would have less potential ecological impacts.   However, the location 
of any withdrawal point would have to be determined based on the physical characteristics of 
the river and its floodplain to avoid physical disruption of habitats as much as possible.  

Withdrawals from such a location, however, should be prioritized for flow restoration of the 
upper river.  The river is not meeting the minimum low flows adopted for the river at the Upper 
Peace River at the Zolfo Springs gage and evidence indicates the medium flows of the river have 
been impacted as well.   In its proposed schedule for the adoption of minimum flows, the 
SWFWMD has scheduled the adoption of a full suite of minimum flows for the Upper Peace 
River for the year 2025.   The determination of how much flow, if any, from the Upper Peace 
River above Zolfo Springs would be contingent on the establishment of those rules.      

It is my preliminary conclusion that some diversion of high flows between Bowling Green and 
Zolfo Springs could be warranted it was used for the purposes of further restoration of the low 
and medium flows above Zolfo Springs. Such diversions could be put into various pits in the 
upper river basin for storage and used to directly supplement the flows of the river in the dry 
season.   Another possibility would be to use the stored river water for aquifer replenishment in 
the vicinity of the upper river.   The report by Basso (2003) concludes that cutbacks in overall 
groundwater use to restore flow to Kissengen Spring and the Upper Peace River would be 
economically infeasible.   However, aquifer replenishment of the Upper Floridan aquifer near 
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the river channel might act to reduce losses of water from the river to the groundwater system.   
I suggest, however, that direct supplementation of the flow of the river would be more 
efficient.    

Withdrawals of high flows between Charlie Creek and Arcadia -   The next logical area for an 
intake structure would be in the Middle Peace River between Zolfo Springs and Arcadia.  To 
take advantage of the water contribute by Charlie Creek, the intake should be located below 
the confluence of Charlie Creek which is about 20 miles south of the Polk/Hardee county line.  
SWFMD has adopted minimum flow rules for the Middle Peace River which extends from Zolfo 
Springs to Arcadia (SWFWMD, 2005A).   Any withdrawals from the river would have to comply 
with these minimum flows, which are established for three seasonal blocks which correspond 
to the spring dry season (Block 1 – April 20 to June 24), the summer wet season (Block 3 – June 
25 to October 17), and the period which typically has medium flows from the fall to the early 
spring (Block 2, October 28 to April 19).  

It is my recommendation that diversions be limited to high flows, using the percentages for 
Block 3, which allows stepped flow reductions of 13% and 8% of natural flows, which are flows 
in the absence of other withdrawals.  The change in allowable flow reductions occurs at a flow 
rate of 1,362 cfs at the Arcadia gage.  I suggest that withdrawals between Charlie Creek and 
Arcadia be limited to high flows, for I believe the evidence indicates the low and medium flows 
in the river above Arcadia have been impacted to some extent.   Finally, since more water 
would be available at a location below Charlie Creek as opposed to below Payne Creek, I 
suggest the water withdrawn below Charlie Creek could be used for both flow restoration of 
the upper river and water supply for users in upstream areas. 

Withdrawal point near Ft. Ogden  -  The optimal location to withdraw water from the Peace 
River to maximize water supply availability while minimizing the potential for environmental 
impacts is at or near the location of the intake structure of the Peace River Manasota Regional 
Water Supply Authority near Ft. Ogden.   Located 19 miles upstream of the mouth of river, the 
intake is in the tidal reach of the river as there is often about a two foot daily fluctuation of 
water levels at the intake due to tides.  This water is usually fresh, but during low flows brackish 
water can occur at the location of the intake. When this happens, withdrawals cease and the 
PRMRWSA relies on water that has been diverted into storage.  This cessation of withdrawals 
also has the ecological benefit of preserving all the flows to the downstream estuary during low 
flows when the inflow of freshwater is particularly critical.   

The existing PRMRWSA withdrawal point is on a small backwater slough off the west side of the 
lower river. Because of the large volumes of water associated with tides, withdrawals at this 
location have very small effects on water levels and rates of flow near the intake and no effect 
on the upstream non-tidal freshwater reaches of the river.  Preserving flows in the upstream 
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reaches of the river for the needs of the freshwater ecosystem makes sense, with the 
withdrawals taken at this downstream location where there is more water available for supply.  

If sea level rise increases the time that brackish waters occur at the PRMRWSA intake, a 
supplemental intake for use during low flows could be implemented farther upstream, whereas 
the existing intake could be used at higher flows when freshwater flow physically pushes the 
brackish water further downstream.     

As with freshwater rivers, downstream estuaries also have ecological requirements for 
freshwater inflows, as the ecological structure and biological productivity of these brackish 
water ecosystems are dependent on the quantity and quality of freshwater inflow.   The 
SWFWMD has done extensive research on the freshwater flow needs of estuaries, including 
many years of study of the Lower Peace Rive and adjacent waters of Charlotte Harbor (Flannery 
and others, 2002; SWFWMD, 2010; Atkins Inc., 2013; CHNEP, 2016).   

The results of this research were incorporated into the adoption of minimum flows for the 
Lower Peace River (SWFWMD, 2010A).    Those minimum flows are based on the sum of daily 
flows at the Peace at Arcadia plus Horse and Joshua Creeks, which represents 73 percent of the 
area of the Peace River watershed.   The minimum flows for the lower river establish a low flow 
cutoff for surface water withdrawals of 130 cfs, which on average the flow is below about 13 
percent of the time, but can be much more frequent in dry years.    

Similar to the minimum flows for the Middle Peace River, the minimum flows are established 
for the same three seasonal blocks as for the middle river described on page 37.    The 
maximum allowable flow reductions allowed for the Blocks are 16% of flow in Block 1 (spring 
dry season); 29% of flow in Block 2 (fall to early spring); and 38% of flow in Block 3 (summer 
wet season).  However, withdrawals in Blocks 2 and 3 must remain at the Block 1 percentage 
(16%) until the daily flows exceed 625 cfs, when the percentages for those blocks take effect. 

It is important to note that flow reductions percentages for the lower river are higher than for 
the middle reach of the river, thus allowing greater withdrawals for the same rate of flow.  The 
health of productivity of estuaries are dependent on freshwater inflow, but it has my 
experience that freshwater rivers are more sensitive to harm as a result of flow reductions.  As 
will be discussed in the final section of this report, minimum flows established for freshwater 
rivers using the SWFWMD percent-of-flow approach are more typically more restrictive (lower 
percent flow reductions) than for their receiving downstream estuarine systems.  

As previously discussed, the Peace River Manasota Regional Water Supply Authority is an 
existing legal user of flow at Ft. Ogden and they would get first priority for use.  The permitted 
withdrawal schedule for the PRMRWSA is based on the percent-of-flow approach, at or very 
close to the maximum allowable withdrawal percentages allowed by the minimum flow rule for 
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the lower river during Blocks 1 and 2 (fall to late spring).   However, during these blocks there 
may be days when the PRMRWSA does not withdraw all the water it is allowed due to reduced 
customer demands or full storage.  On such days, it would not be difficult to determine how 
much flow could be available to other users while remaining in the minimum flow limits for the 
Lower Peace River.    

In the summer wet season (Block 3), the PRMRSA is permitted to withdraw 28% of the flow 
above a flow rate of 625 cfs, while the minimum flow rule allows for a flow reduction of 38%, 
thus there are additional high flows available for other users.  The SWFWMD is currently 
reevaluating the minimum flows for the Lower Peace River with adoption scheduled for the 
year 2020.    This might require that the withdrawal schedule for the PRMRWSA be revised to 
comply with the minimum flows if they are changed.  At that time, the potential use of high 
flows by other water users could be assessed.  

The value of a larger interconnection with Shell Creek  -  In addition to the different flow 
requirements of freshwater and estuarine systems, compared to the upper river there is simply 
much more water in the Lower Peace River just before it flows into the estuary.    As listed in 
Table 1 and discussed on page 6, it is reiterated that the average flow of the lower river at the 
confluence with Shell Creek (1,547 cfs) is greater than the average flow at Ft. Meade (195 cfs) 
by nearly a factor of eight.  

 A major component of the increased flow in the lower river is Shell Creek, the largest tributary 
in the Peace River watershed.  As previously discussed, the average flow for Shell Creek since 
1975 (368 cfs) is equivalent to 41% of the average flow of the river at the Arcadia gage.   As also 
previously discussed, the City of Punta Gorda makes water supply withdrawals from the 
reservoir behind the Shell Creek weir, with the highest average rate of water use to date being 
5.4 mgd in 2017 (equal to 8.4 cfs).   The water use permit for the City of Punta Gorda allows for 
a maximum average annual withdrawal rate of 8.1 mgd (12.5 cfs) and a peak monthly rate of 
11.7 mgd (18.1 cfs).   Even if the City pumps close to those quantities in future years, there will 
be much of the year when the City’s withdrawals will comprise a relatively small percentage of 
flow in Shell Creek and additional water may be available for other users.  

The SWFWMD did not establish minimum flows for Shell Creek when it adopted minimum flows 
for the Lower Peace River in 2010.  However, the SWFWMD is intending that minimum flows 
for Shell Creek be adopted in conjunction with the reevaluation of minimum flows for the 
Lower Peace River, which are scheduled for adoption in 2020.   The determination of those 
minimum flows will determine how much flow in Shell Creek can be reduced by all water users.   
I expect that when minimum flows are adopted, the City’s withdrawals may utilize all the 
available water from Shell Creek at low and low-medium flows, but there may be additional 
water available for other users at medium and especially high flows.   



40 
 

It is my understanding there is a cooperative project has been funded to build a pipeline 
between the PRMRWSA water treatment facility on the Lower Peace River and the City’s facility 
on Shell Creek.   It is also my understanding this pipeline, which has not yet been constructed, 
will be for treated water to help either utility meet water supplies when flows are low in either 
the river or the creek. 

This project is a good idea, but I suggest that if a watershed-wide plan is employed to meet 
regional water supply needs using the Peace River, a larger pipeline would be valuable to 
transmit greater quantities of untreated river water between these two facilities for storage or 
treatment.  This would allow for the high flows in Shell Creek to be made available for use on a 
larger regional scale.  

Construction of pipeline and water storage facilities to make water from the Lower Peace 
River and Shell Creek available to upstream water users 

I am unfamiliar with projected water supply needs of the PRMRWSA and the City of Punta 
Gorda for the resource planning horizon.   However, given that high flows periodically occur in 
the Peace River including Shell Creek, it seems possible that additional water could be made 
available for upstream water users.  The withdrawals should be taken at or near the location of 
the PRMRWAS facility as it is in the optimal location for maximizing water supply availability 
while minimizing the potential for environmental impacts.    

The flow reduction limits established by the minimum flow rule for the Lower Peace River 
would apply to the total percentages of water that can be withdrawn by all users.  If necessary 
at this time, I suggest the existing minimum flow rule with some possible withdrawal scenarios 
assigned for Shell Creek could be used for feasibility assessments.   The final total withdrawal 
amounts, however, would have to be resolved when the minimum flows for the Lower Peace 
River and Shell Creek are reevaluated  in 2020. 

 Associated parties would have to work out how much of the water would be available for the 
different users and their customers at different rates of flow.   As stated before, the 
withdrawals by the PRMRWSA should be first priority as they are an existing legal user.   The 
withdrawal schedule for the PRMRWA comprises all or nearly all of the allowable minimum 
flow percentages at low and medium flows, but as previously discussed there might be days 
when they do not take all their permitted quantities, periodically making water available for 
other users.  As is the case the PRMRWSA’s current withdrawal schedule, during high flows 
there could be additional available for other users on a routine basis.    

Implementation of such a watershed-wide supply plan would require the construction of a pipe 
to transport water upstream.   In addition, water storage facilities would need to be located 
somewhere in the Peace River corridor to store water during high flows for later use.  For 
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reference, it is about 37 linear miles from the PRMRWA water treatment plant to the 
Polk/Hardee county line.   Construction of such a pipeline and water storage facilities would 
require considerable funds, but I suggest that if the water supply simulations indicated that the 
water supplies were feasible and needed for upstream water users, the project would be 
valuable to the region.     

The Upper Peace River has been seriously impacted by industrial and agricultural activity and 
population growth in the upper river sub-basin, much of which occurred before adequate 
regulatory and resource planning tools were in effect.  To varying degrees based on river 
location, these hydrologic and ecological impacts have extended some distance downstream.   
If new water supplies are from the Peace River are truly needed, the expenditure of public 
funds to transport water from more resilient downstream locations to upstream water users 
would be well justified to make such water supplies available without causing further 
environmental harm to the Peace River.   

Finally, as long as the Upper Peace River is not meeting its low minimum flows, if water is 
transported from downstream locations to upstream water users, consideration should be 
given to reserving a portion of that water for flow restoration of the Upper Peace River just 
below the Bartow gage.  Flow supplementation of the upper river during very dry periods would 
help fill the cavities and voids in the aquifers beneath the river that have been caused by 
groundwater drawdowns and help the flow recover more quickly when surface runoff resumes.  

 

 

 

The section on the Alafia River begins on the following page   

 

 

 

 

 

 



42 
 

Alafia River 

Overview   

A discussion of considerations for the implementation of any new surface water withdrawal 
sites for water supply from the Alafia River is presented below.   This discussion is shorter than 
that presented for the Peace River, but makes the same conclusion that any new withdrawals 
from the river or its tributaries should be located as far downstream as possible to maximize 
water supply availability while minimizing the potential for adverse environmental impacts.  

The physical and hydrologic characteristics of the Alafia River and its watershed are briefly 
summarized in a general manner.  Much more detailed information about the Alafia River and 
its watershed is contained in SWFWMD minimum flows reports for the freshwater and lower 
estuarine reaches of the river (SWFWMD, 2005B; SWFWMD, 2008). 

Hydrographic and watershed characteristics 

The Alafia River has headwater reaches in western Polk County, but it flows primarily through 
Hillsborough County to Tampa Bay.   The total watershed area of the river is 422 square miles. 
The total length of the Alafia is 50 miles, including the channel of its longest headwater 
tributary.  

A map of the Alafia River including its major tributaries, springs, and flow measurement gages is 
shown in Figure 26.   The north and south prongs of the river flow together near Alderman’s 
Ford near State Road 39 to form the Alafia River which flows 25 miles to the mouth of the river 
at Tampa Bay.    Tampa Bay Water has an intake site on the south bank of the river just 
upstream of Bell Shoals Road, approximately 12 miles above the mouth of the river (Figure 26).     
The river becomes tidally affected a short distance below Bell Shoals Road and brackish waters 
can extend approximately 10 to 11 miles upstream of the river mouth during low flows.     

Flows in the Alafia River have been measured since 1932 by the USGS at the Alafia River at 
Lithia gage, located 16 miles upstream of the mouth of the river.    Long-term USGS flow gages 
are also in operation on the north and south prongs of the river, with the records extending 
back to 1950 for the north prong and 1962 for the south prong.     The Alafia River also receives 
flow from two spring complexes.  Lithia Springs flows to the river approximately 14 miles 
upstream of the river while Buckhorn Springs flows into the estuarine reach of the river via a 
spring run that enters the river about eight miles upstream of the river mouth.  Flows records 
from these gages on the river and the springs are discussed in a later section of this report.  

Hydrogeologic characteristics -  Similar to the Peace River, there three principal aquifer 
systems in the Alafia River watershed; the unconfined surficial aquifer, the confined 
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intermediate aquifer system, and the confined Floridan aquifer (UFA) system which is divided 
into upper and lower zones by a middle confining unit comprised of low-permeability zones.   

The report by SFWMD (2005B) states that “due to the relatively thin and discontinuous nature 
of the sediments, groundwater flow in the surficial aquifer is more local in nature rather than 
regional. Flow direction is variable and is controlled primarily by the surface topography. Water 
levels from nearby wells and Alafia River stage indicate that the water table gradient slopes 
toward the river during both the dry and wet periods of the year (May and September), 
providing baseflow to the river all-year round. Conversely, water levels between the UFA and 
river stage suggest a seasonal pattern of flow, with potential recharge to the UFA (from the 
river) during the drier months and potential discharge from the UFA (to the river) during the 
summer months.” 
 
The report further states that “for the most part, water levels in the surficial aquifer are 
consistently higher than levels in the intermediate aquifer system and UFA, indicating a 
downward flow gradient. Along the coast, this downward gradient is typically reversed with 
water from the UFA being discharged upward into the overlying aquifers. However, for much of 
southern coastal Hillsborough County, water levels in the UFA have declined due to 
groundwater withdrawals. This has resulted in a seasonal reversal of the vertical gradient 
between the aquifers. During the drier periods of the year (typically the spring months), water 
levels decrease with depth along the coast and water moves downward from the surficial 
aquifer. During the remainder of the year, water levels in the UFA are higher and the vertical 
movement of water resumes in an upward direction.” 
 
The report also described the region known as the Brandon Kart Terrain, an area of 
approximately 40 square miles located to the north of the Alafia River and west of Lithia 
Springs.  The limestone is this area is dominated by karst topography including a high density of 
ancient and modern sinkholes, internal drainage, springs, and significantly increased 
transmissivities in the limestone.   The report also includes a section that summarized previous 
studies on the relationships of groundwater levels with springflow from Lithia and Buckhorn 
Springs and new results prepared for that study.  They found there was strong correlation 
between groundwater levels in wells in and near the Brandon Karst Terrain and springflow, but 
the relationship was somewhat stronger for Lithia Springs than for Buckhorn Springs.      
 
Land Use  -  The land use characteristics of the Alafia River basin are discussed in detail in the 
minimum flows report for the freshwater reach of the river (SWFWMD, 2005B).   Table 10, 
which is reprinted from that report, list the percentages of major land use/cover types in the 
Alafia River watershed for the years 1972, 1990, and 1999.    Maps of four of these land  
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use types (urban, citrus, other agriculture and mines) are shown in Figure 27 which is also 
reprinted from SWFWMD (2005B).   Also shown are coverages for rangeland, upland forests, 
wetland forests, non-forested wetlands, and water.  
 
Table 7.  Percentages of major land use and land cover types in the Alafia River watershed for 
x              1972, 1990, and 1999.  Adapted from SWFWMD (2005B). 
Land Use / Cover 1972 1990 1999 
Urban 10.9% 13.9% 17.6% 
Citrus   9.1%   4.9%   4.7% 
Other Agriculture 26.9% 21.8% 18.4% 
Uplands 30.7% 12.8% 10.1% 
Wetlands   9.3% 12.1% 10.7% 
Mines 10.9% 32.8% 35.9% 
Water   2.3%   1.8%   2.5% 
 

Along with the Peace River, the Alafia River is the notable for the extensive amount of 
phosphate mining that has occurred in its watershed.    The first evaluation of the possible 
effects of mining on the water quality and biology was presented in the 1955 report of the 
Florida State Board of Health about the Peace and Alafia Rivers, which was conducted in 
response to citizen concerns expressed about these rivers in the late 1940s (Florida State Board 
of Health , 1955A).   As shown listed in Table 7 and shown in Figure 27, most of the increase in 
mined area occurred after 1972, with much of the increase occurring in the sub-basin of the 
south prong of the river.   As of 1999, over one-third (35.9%) of the Alafia River watershed was 
affected by mining activities. 

Since the early 1970s there has been marked decreases in the area of citrus, other agriculture 
and uplands, largely in response to increases in mining and urban development as urban land 
use increased from 10.9% to 17.6% of watershed area from 1972 to 1999.  Urbanized areas 
include parts of the cities of Lakeland, Plant City, Mulberry and the unincorporated community 
of Brandon which lies in the western portion of the watershed.  
 
Streamflow statistics and trends 
 
Summary statistics, hydrographs, and trend analyses for the flow data at the long-term gages 
on the Alafia River and the north and south prongs are summarized below using data collected 
through 2017.  Using previously published findings that were not updated with recent data, 
flows from Lithia and Buckhorn Springs are also characterized. 
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Table 8 lists average values for flow and area based runoff for the USGS gages on the main stem 
of the river and the north and south prongs.   To use a consistent record for comparison, 
averages were taken for the 55 years of record since 1963, which is the first year of complete 
flow records for the south prong of the river.    With an average flow of 142 cfs, the North Prong 
provides nearly half of the flow measured at the Alafia River at Lithia gage (298 cfs).   With a 
smaller sub-basin area and average flow, the mean flow of the south prong (99 cfs) comprises 
one-third of the flow at the gage on the river.   The remaining increase in flow at long-term river 
gage comes from drainage between these gage locations.   

Average values for area based runoff are similar for the three gages, ranging from 0.89 cfs/mi2 

to 1.05 cfs/mi2.    These rates are as high or higher than the average runoff rates for the less 
impacted sub-basins in the Peace River watershed (Table 3), indicating there is not an apparent 
problem with human caused flow reductions in these sub-basins.  

 

Percentile values for daily flows at these gages are listed in Table 9.   As with average flows, 
there is an increase in all the percentile values at the gage on the river that is more than the 
sum of the values at the two gages on the north and south prongs.    These results demonstrate 
there is potentially more water available for supply from the main stem of the river, rather than 
from two separate withdrawal points on the north and south prongs. 

Hydrographs of yearly flow parameters at these three gages are shown in Figures 28, 29 and 30.  
The years on the horizontal axis for all the graphs begin in 1930 for easier comparison to the 
gage on the main stem of the river, where the period of record is the longest with the first year 
of complete daily records beginning in 1933. 

 

USGS gage
Years with 
complete 
records

Drainage 
area        
(mi2)

Distance from    
the river mouth    

(miles)

Mean Flow 
(cfs)

Area Based 
Runoff 

(cfs/mi2)

Alafia River at Lithia 1933 - 2017 335 16 298 0.89

North Prong Alafia River at Keysville* 1951 - 2017 135 29 142 1.05
South Prong Alafia River nr. Lithia 1963 - 2017 107 34 99 0.92
* No flow data for North Prong for Oct. 1, 1992 to June 30, 1995

Table 8.  Years with complete flow records, drainage areas, gage locations, and average  x               
x               values for flow and area-based runoff for long-term streamflow gages on the       x               
x               Alafia River including the North and SouthProngs for the period 1963 -   2017*

Drainage area and            
location of gage

Average Flow and Runoff                       
1963 - 2017
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The plot of average yearly flows for the Alafia River at Lithia  (Figure 28A) shows some similarly 
to the long-term gage for the Peace River at Arcadia (Figure 20) in that there were a higher 
frequency of high yearly mean flows (e.g., above 500 cfs) in the decades prior to the 1970s.  
Since that 1970s, however, there has been no apparent trend.  As was described for the Peace 
River, long-term patterns in regional rainfall including the effects of the Atlantic Multidecadal 
Oscillation have affected these long-term flow patterns.  The minimum flows report for the 
freshwater reach of the Alafia River discusses this point and suggests that changes in flow in the 
Alafia River have been more of a step function due to changes in rainfall rather than a 
monotonic trend (SWFMWD, 2005B).   

A notable pattern in the graphs for the river and also the north and south prongs is a rise in the 
yearly median and low (P5) values from the late 1950s to the late 1970s or the early 1980s 
(graphs B and C in Figures 28, 29 and 30).  The minimum flow reports for the freshwater and 
estuarine reaches of the Alafia River attribute this to runoff and discharges from the phosphate 
mining industry during that time (SWFWMD, 2005B, 2008).  As in the Peace River watershed, 
the phosphate mining industry has become much more efficient in their groundwater use and 
retention of water onsite so that such discharges to the river are now much less.  This is 
corroborated by the significant reduction in the concentrations of a number of chemical 
constituents (e.g., phosphorus, fluoride, sulfate, specific conductance) that had been previously 
elevated due to mining activities (SWFWMD, 2005B) 

All three gages show the lowest values for P5 low flows since the year 2000.   As described on 
page 11, the high frequency of very dry years which has occurred since the year 2000 has 
certainly been a major factor in this pattern.   However, in the preparation of this report I did 
not do an inventory of past or current point sources discharges to either the north of south 
prongs of the river.   It may be that changes in point source discharges could affect the long-
term patterns in low flows, but that is a topic I did not consider. 

In addition to the presentation of hydrographs, trend tests on yearly flow parameters were run 
on the three gages for two time periods.  The first was for the entire period of years with 
complete daily records for the Alafia River at Lithia (1933-2017) and the North Prong of the 

USGS gage Minimum P5 P10 P25 P50 P75 P90 P95 Maximum

Alafia River at Lithia 4 35 54 96 172 346 642 932 9,820

North Prong Alafia River at Keysville* 2 19 26 46 83 152 289 455 9,550

South Prong Alafia River nr. Lithia 0 6 12 27 55 117 230 334 2,430

Flow Percentiles                                                                                            
(cfs)

Table 9.  Percentile values for daily flows for long-term gages on the Alafia River including the 
x               North and South Prongs for the period 1963 - 2017.*

* No flow data for North Prong for Oct 1, 1992 to June 30, 1995
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Alafia River nears Keysville (1951-2017).    In order to compare results within a consistent time 
period, trends at these gages are later examined with the South Prong of the Alafia River for the 
years 1963 to 2017, which is the period of complete daily records for the south prong.   

The long-term, period of record trends for the Alafia River and the north prong are listed in 
Table 10.   These results should not be compared since they are over different time periods, 
with flow records for the river gage starting 18 years before the north prong.  Also, values for 
1992 to 1995 were not included for the north prong as there was no data for October, 1992 
through June, 1995. Given these constraints, there were significant declining trends for average 
yearly flow at both gages, with changes in long-term rainfall likely playing a major factor.   
Declining trends in median flows and P5 low flows were also found for the north prong, which 
was influenced by the period of increased flows from phosphate mining activity which was 
occurring near the beginning of that flow record (Figures 29 B&C).  Since this period of 
increased flows occurred toward the middle of the flow record for the Alafia River gage (Figure 
28 B&C), it did not result in a statistically significant declining trend.  There were significant 
declining trends in P90 high flows for the gage in the river, due in part to the frequency of high 
flows in the year up to 1960 (Figure 28D).    Significant trends in high flows were not found for 
the north prong, as what were probably high flows in the 1940s were not measured at this site 
where the flow records began in 1951. 

Gage and yearly statistic           
tested for trend Tau p Slope             

cfs per year p Slope as % of 
mean value

Slope as  % of 
median value

Average Yearly Flows
Alafia River at Lithia            (1933-2017) -0.180 0.0148 -1.58 0.0165 -0.48% -0.52%
North Prong  at Keysville *  (1951-2017) -0.146 0.0910 -0.83 0.0668 -0.56% -0.64%

Yearly P5 (Low) Flows
Alafia River at Lithia            (1933-2017) -0.055 0.4569 -0.09 0.5859 -0.16% -0.18%
North Prong  at Keysville *  (1951-2017) -0.361 <.0001 -0.57 <.0001 -1.62% -2.04%

Yearly P50 (Median) Flows
Alafia River at Lithia            (1933-2017) -0.045 .5436 -0.22 0.5481 -0.12% -0.14%
North Prong  at Keysville *  (1951-2017) -0.355 <.0001 -1.00 <.0001 -1.15% -1.20%

Yearly P90 (High) Flows
Alafia River at Lithia            (1933-2017) -0.182 0.0138 -3.96 0.0104 -0.55% -0.60%
North Prong  at Keysville *  (1951-2017) -0.028 0.7442 -0.49 0.6516 -0.16% -0.19%

A. Mann-Kendall B. Linear Regression

Table 10.   Results of trend tests of yearly flow statistics (means, P5, median, and P90 flows) for the Alafia         
x                River at Lithia for 1933 to 2017 and for the North Prong of the Alafia River at Keysville for 1951         
x                to 2017.  Results are presented for (A) the non-parametric Mann-Kendall test and (B) linear                  
x                regression of each yearly flow statisitc as a function of year.  P is  the probability of type 1 error or   
x                that there is no trend.  P values less than 0.10 are highlighted in bold. 

* Values for 1992 to 1995 not inlcuded due to incomplete daily data within those years 
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Results for trends tests at all three gages for the period 1963 – 2017 are listed in Table 11.  
There were no significant trends for average yearly flows, although p values for the Mann-
Kendall test for the river gage was near 0.10.   Significant declining trends were observed for 
median and P5 flows for the river and the north prong, again due to the period of increased 
flows due to mining activity which were in effect in the 1960s and 1970s.  Significant declining 
trends were observed for the P5 low flows in the south prong, but not for median flows where 
there has been a number of high yearly median flow values since the mid-1990s (Figure 30B).   

The hydrographs show there was an increase in average yearly flows and P90 high flows at all 
three gages since 2014, due to years with average or above average rainfall since that time.   
There was also no evidence of trend for P90 high flows at all three gages since 1963.  Although 
this is just one flow parameter, this does indicate that the high flows of the Alafia River and its 
tributaries have continued to fluctuate in ecologically healthy range for the last 50-plus years.  
Accordingly, it seems feasible that some high flows could be withdrawn from the Alafia River 
for water supply without causing adverse impacts to the river ecosystem.    

 

Gage and yearly statistic            
tested for trend Tau p Slope             

cfs per year p Slope as % of 
mean value

Slope as  % of 
median value

Average Yearly Flows
Alafia River at Lithia           (1963-2017) -0.150 0.1055 -1.12 0.2622 -0.38% -0.41%
North Prong at Keysville*   (1963-2017) -0.139 0.1505 -0.59 0.2381 -0.42% -0.46%
South Prong near Lithia     (1963-2017) -0.137 0.1406 -0.52 0.1960 -0.53% -0.57%

Yearly P5 (Low) Flows
Alafia River at Lithia           (1963-2017) -0.494 <.0001 -1.51 <.0001 -2.42% -2.52%
North Prong at Keysville*   (1963-2017) -0.547 <.0001 -0.96 <.0001 -2.81% -3.45%
South Prong near Lithia     (1963-2017) -0.290 0.0018 -0.29 0.0028 -1.89% -2.26%

Yearly P50 (Median) Flows
Alafia River at Lithia           (1963-2017) -0.286 .0020 -1.77 0.0040 -1.00% -1.06%
North Prong at Keysville*   (1963-2017) -0.447 <.0001 -1.43 <.0001 -1.71% -1.79%
South Prong near Lithia     (1963-2017) -0.139 0.1347 -0.33 0.2160 -0.55% -0.64%

Yearly P90 (High) Flows
Alafia River at Lithia           (1963-2017) -0.062 0.5042 -0.41 0.8580 -0.06% -0.07%
North Prong at Keysville*   (1963-2017) 0.009 0.9224 0.97 0.4350 0.33% 0.37%
South Prong near Lithia     (1963-2017) -0.070 0.4502 -0.88 0.3732 -0.39% -0.33%

A. Mann-Kendall B. Linear Regression

Table 11.   Results of trend tests of yearly flow statistics (means, P5, median, and P90 flows) for the Alafia         
x                River at Lithia, the North Prong of the Alafia River near Keysville and the South Prong of the Alafia 
x                River near Lithia for 1963 to 2017*.  Results are presented for (A) the non-parametric Mann-Kendall           
x                test and (B) linear regression of each yearly flow statisitc as a function of year.  P is  the probability     
x                of type 1 error or that there is no trend.  P values less than 0.10 are highlighted in bold. 

* Values not inlcuded for 1992 to 1995 due to incomplete daily data within those years
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Flows and withdrawals below the Alafia River at Lithia gage 

Lithia and Buckhorn Springs  -  With regard to maximizing water supplies while minimizing the 
potential for environment impacts, it is important point out the Alafia River gains considerable 
flow below the Alafia River at Lithia gage.  Lithia and Buckhorn Springs flow into the river below 
this gage, so they are not reflected in the long-term flow records reported there.  

I did not acquire recent flow data for Lithia and Buckhorn Springs, but present data for the 
springs taken from the minimum flows report for the Lower Alafia River which reported data 
through the year 2003 (SWFMD, 2008).   Average flow data for these two spring complexes 
taken from that report are listed in Table 12.   Flows from Lithia Springs have been measured 
periodically since the 1930s by the USGS and since 1984 by Tampa Bay Water (previously the 
West Coast Regional Water Supply Authority).     Years with at least four flow measurements 
within each year begin in 1956.    

Lithia Springs if used for industrial process water by Mosaic Fertilizer, with withdrawal records 
dating back to 1978.   The average net flow from Litha Springs to the Alafia River uncorrected 
for withdrawals was 33.5 cfs for the period 1956-2003 and 29.8 cfs for the period 1978-2003.    
Correcting this more recent record for withdrawals by Mosaic, which averaged 6.7 cfs, the total 
flow of Lithia Springs was 36.5 cfs between 1978 and 2003.   I did not access more recent 
withdrawal data by Mosaic and do not know if their withdrawals have gone up or down, but 
seem to recall that their withdrawals may have gone down in recent years.  

Flows from Buckhorn Springs have been periodically measured by Tampa Bay Water since 1987.   
Buckhorn Springs is also used for industrial process water by Mosaic, but only very infrequently 
on an emergency basis if there are reasons why Lithia Springs cannot be used.   The average 
flow of Buckhorn Springs to the river was 12.0 cfs for the period 1987-2003, while the total flow 
corrected for withdrawals by Mosaic was 12.7 cfs.  

1956 - 2003 
(cfs)

1978 - 2003 
(cfs)

1987 - 2003 
(cfs)

Lithia Springs flow to the river 33.5 29.8

      Lithia Springs total flow corrected for withdrawals 36.5

Buckhorn Springs flow to the river 12.0
     Buckhorn Springs total flow corrected for withdrawals   12.7

Table 12.  Average rates of flow for Lithia and Buckhorn Springs for time periods through 2003,      
x               showing net flows to the river and total springflow corrected for withdrawals by Mosiaic             
x               Fertilizer, Inc.  Values taken from SWFWMD (2008).
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Total flow to the Lower Alafia River including ungaged flow -  In addition to flow from Lithia 
and Buckhorn Springs, the Alafia River gains considerable ungaged flow below the Alafia River 
at Lithia gage, which measures flow from 79% of the river watershed.   Below this gage the river 
receives unmeasured flow from Fishhawk Creek, Bell Creek, and storm runoff from other 
ungaged areas.   As part of the determination of minimum flows for the Lower Alafia River, the 
SWFWMD contracted the University of South Florida to develop and HSPF (Hydrologic 
Simulation Program – Fortran) runoff model for the ungaged areas that drain to the lower river 
(Tara and others, 2001).  Model output was produced for 1989-2001, with the average ungaged 
flow equal to 37% of the average flow at the Alafia River at Lithia gage during that period.    

Table 13 lists the estimated average total flow at the mouth of the Alafia River for the period 
1989-2001, which is the sum of the following flows which are also listed; the flow at the Alafia 
River at Lithia gage, modeled ungaged flows, and recorded flows from Lithia and Buckhorn 
Springs uncorrected for withdrawals by Mosaic Fertilizer.   The average total flow was 396 cfs, 
with the flow at the long-term gage representing 65% of the estimated total flow.   By 
comparison, the combined gaged flow for the north and south prongs of the river during this 
period was 204 cfs, equivalent to 52% of the total flow at the mouth of the river. 

 

As with the Peace River, these data demonstrate there is potentially more water available for 
supply the father the downstream that withdrawals are taken.  Also, the physical and ecological 
characteristics of the river change downstream, which in turn affect its sensitivity to potential 
environmental impacts that could result from withdrawals. 

Adopted minimum flows for the freshwater and lower segments of the Alafia River 

Minimum flows for the Lower Alafia River were adopted in 2009, based on the minimum flows 
report published the previous year (SWFWMD, 2008).   The adopted minimum flows for the 
Lower River allow a 19 percent reduction in daily flows above a low flow cutoff of 120 cfs, at 
which surface water withdrawals must cease.   Flows to the Lower Alafia River are defined in 
the rule as the sum of the flow at Bell Shoals Road plus Buckhorn Springs, with the flow at Bell 

Total Flow       
at mouth

River 
Gage Ungaged Lithia   

Springs
Buckhorn 
Springs

North 
Prong

South 
Prong

cfs 396 259 96 30.1 10.5 119.5 84.5

Percent 100% 65% 24% 8% 3% 30% 21%

Table 13.   Average flows in the Alafia River for 1989-2001 expressed at cubic feer per second 
x                 (cfs) and as pecent of the average total flow at the mouth of the river.  Gaged flows 
x                 are for the Alafia River at Lithia, the North Prong at Keysville, and the South Prong 
x                 near Lithia.



51 
 

Shoals Road calculated as the flow at the Alafia River at Lithia gage multiplied by a factor of 
1.117, plus the flow from Lithia Springs corrected by withdrawals from Mosaic Fertilizer.  
Ungaged flow below Bell Shoals Road is not regulated under the rule, but the effects of the 
ungaged flow were included in the District’s analyses that determined the minimum flows. 

The SFWMD has also adopted minimum flows for the freshwater reach of the Alafia River, 
which are based on the flow at the Alafia River at Lithia gage.   The first component of the 
minimum flow rule is a low flow threshold which prohibits any surface water withdrawals 
below a flow of 59 cfs at that gage.   When flows are above 59 cfs the minimum flow rule allows 
different withdrawal percentages of daily flows within the same three seasonal blocks as 
established for the Peace River, which correspond to the spring dry season (Block 1 – April 20 to 
June 24), the summer wet season (Block 3 – June 25 to October 27), and the period which 
typically has medium flows from the fall to the early spring (Block 2, October 28 to April 19).  

The maximum allowable percentage flow reductions are also based on the Alafia River at Lithia 
gage and are 10% of daily flow in Block 1, 15% of daily flow in Block 2, and 13% or 8% of the 
daily flow in Block 3, switching to the lower percentage when flows at the gage are above 374 
cfs, which is 25% exceedance flow of the river at that site.    

As with the Peace River, these allowable percentage flow reductions for the freshwater reach of 
the Alafia are more restrictive than the minimum flows rule for the Lower Alafia River, which 
allows for a 19% reduction in daily flow year-round.  As with the Peace River, the withdrawal 
percentages needed to protect the tidal part of the Alafia River are not as restrictive as 
allowable flow percentages for the upstream freshwater segment of the river. 

The minimum flow for the lower river does have a more restrictive low flow cutoff (120 cfs), but 
this is calculated as the flow at Bell Shoals Road plus the flow of Buckhorn springs.     Because of 
its location downstream, the low flow threshold for the lower river supercedes the low flow 
threshold of the freshwater reach, and would apply to any new water users whether they are 
on the main stem of the river or the north or south prongs. 

Suitable location for additional withdrawals from the Alafia River 

The effect of the differences in the minimum flow rules for the freshwater and lower reaches of 
the Alafia River, combined with the hydrologic statistics of the river presented in Tables 8, 9, 
and 13, demonstrate that there is much more water available for supply farther downstream.  

Impracticality of withdrawals from the north and south prongs  - Withdrawals from the north 
of south prongs of the Alafia River would yield much less water and deprive much longer 
lengths of the river and its tributaries of freshwater flow.   A photograph of the North Prong of 
the Alafia River about a mile upstream of the confluence with the south prong is shown in 
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Figure 31.  The north and south prongs are not rivers but instead are creeks, with a high degree 
of ecological sensitivity and very limited water supply yield.  With regard to environmental 
protection and regional water supply concerns, there should be no practical reason to allow 
new withdrawals from either the north or south prongs of the Alafia River.    Similarly, 
withdrawals s from the Alafia River should be located are far downstream as possible.  

Withdrawals near Bell Shoals Road  The location of the Tampa Bay Water Intake just upstream 
of Bell Shoals Road is in an optimal location to maximize water supply availability as it is just 
above the tidal estuarine reach of the river (Figure 26).   Diversions at this site are piped either 
to a water treatment plant located to the north near the Tampa Bypass Canal or to the C.W. 
“Bill” Young reservoir, which is an offstream reservoir located approximately six miles southeast 
of the intake on the river. 

Withdrawals at this location have only a minor effect on affect water levels and velocities near 
and downstream of the intake and no effect on the freshwater segment of the river upstream. 
The withdrawals, however, do affect flows to the Lower Alafia River, which becomes tidally 
affected a short distance below Bell Shoals Road.   The ecological flow requirements of the 
downstream tidal estuary are critical, but those have been accounted for in the determination 
of minimum flows for the Lower Alafia River (SWFWMD, 2008). 

The withdrawals schedule currently permitted to Tampa Bay Water is in compliance with the 
19% flow limit contained in the minimum flow rule for the Lower Alafia River, as TBW is allowed 
to take 10 percent of the preceding daily flow at Bell Shoals, which is calculated as flow at the 
Alafia River near Lithia gage * 1.1117, plus the net flow of Lithia Springs uncorrected for 
withdrawals by Mosaic Fertilizer.     In addition, withdrawals by Tampa Bay Water cannot 
reduce the flow at Bell Shoals Road below a daily flow rate of 124 cfs.     

As a result, there is more water available for supply at the Bell Shoals Road than is currently 
permitted to Tampa Bay Water.   I have no idea of the regulatory or policy matters might 
concern the transfer of water between counties or hydrologic basins and leave that for others 
to consider.   Plus, Tampa Bay Water is an existing legal user of the Alafia River and I don’t know 
how the Alafia factors into their needs for water supplies in the future.  If considered to be 
feasible, any withdrawals at this location for other users would require analyses of water 
conveyance and storage facilities which are beyond the scope of this report. 

Possible reevaluation of minimum flows for the Lower Alafia River   - I suggest that the 
minimum flows for the Lower Alafia River could be reevaluated at a future date, as the District 
periodically reevaluates the minimum flow rules it has adopted.   I was the principal scientist 
who wrote the minimum flows report for the Lower Alafia River (SWFWMD, 2008) and believe 
the 120 cfs low flow threshold and the 19% withdrawal limit are effective limits for making 
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water available for supply while protecting the lower river from significant harm at low and 
medium flows.  However, there may be the possibility of withdrawing somewhat higher 
percentages of water at high flows.    

If it is concluded that additional water supplies are needed from the Alafia River and the 
diversion of higher withdrawal percentages could help achieve those needs, the SWFWMD 
could schedule the reevaluation of the minimum flows of the Lower Alafia River. As with the 
existing minimum flow rule, the SFWMD would have to perform technical analyses to 
demonstrate that the revised minimum flows would not cause significant harm to the ecology 
of the Lower Alafia River.   However, the existing 19% of flow rule already allows for substantial 
quantities of water to be diverted at high flows, so a reevaluation may not be necessary if the 
existing minimum flow rule allows the Alafia to effectively meet regional water supply needs 
within the resource planning horizon.  

General application of findings from the Peace and Alafia Rivers to other rivers in the region 

As should be painfully obvious to readers by now, the principal concept presented in this report 
is that a watershed based approach should be used to identify locations on rivers where water 
supply availability can be maximized while at the same time minimizing the potential for 
adverse environmental impacts.    To a large extent, the considerations described for the Peace 
and Alafia Rivers in this report can be applied to other rivers in west-central Florida as well. 

One important factor that applies throughout the region is that the rivers are small.     With a  
total length of 106 miles, the Peace River is the second longest river in Southwest Florida Water 
Management District, second only to the Withlacoochee River which has a total length of 157 
miles.   Estevez and others (1991) identified seven other primary rivers in the region in which 
flows are dominated by surface drainage;  which are the Myakka, Manatee, Little Manatee, 
Alafia, Hillsborough, Anclote, and Pithlachascotee Rivers.   The total lengths of these rivers 
range from 34 to 54 miles with an average total length of 44 miles.    As these rivers all occur 
along the Gulf coast, brackish waters can extend upstream considerable lengths in the dry 
season, with the maximum upstream penetration of waters with mineral concentrations over 
potable water supply standards averaging about 13 miles upstream of the river mouths.    As a 
result, the lengths of these rivers that can be used for potable water supply are even shorter. 

Given the short length of these rivers, it makes sense to consider withdrawal points that can 
maximize water supply yields and minimize environmental impacts, even if the withdrawal 
point is located some distance downstream from the actual point of water use or storage.  As 
was shown for the Peace and Alafia, the greatest quantities of freshwater flow available for 
supply will be just above where the river enters its tidal reach.    
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Secondly, the ecological health of freshwater and estuarine ecosystems are both dependent on 
freshwater flow, but the relationships of the physical, chemical, and biological characteristics of 
these ecosystems with freshwater flow are very different.     For this reason, the SWFWMD 
evaluates minimum flows separately for the freshwater and the tidal estuarine reaches of 
rivers.   

In freshwater rivers the withdrawal of water has immediate effects on water levels and current 
velocities and resulting direct effects on the river’s biology over time.   In estuaries the effects 
of withdrawals on water levels and velocities are diminished by the volume of water exchanged 
by tides.  However, freshwater inflows have critical functions in maintaining healthy estuaries, 
including beneficial effects on salinity distributions, circulation, primary production, the delivery 
of nutrients and organic matter and the distribution and productivity of many estuarine 
dependent animals of sport and commercial importance.   

For the management of withdrawals from unimpounded rivers, the SWFWMD has utilized a 
percent-of-flow approach that limits withdrawals to a percentage of flow at the time of the 
withdrawal which can vary between seasons and flow ranges (Flannery and others, 2000).  This 
approach has been favorably reviewed as a progressive and effective water management 
method in the technical peer reviews that are conducted for each SWFWMD minimum flows 
report and in the general scientific literature (Alber, 2002;  Postel and Richter, 2003; National 
Research Council, 2005; Instream Flow Council, 2008).     

Because of the different flow requirements of freshwater and estuarine ecosystems, the 
maximum percentage flow reductions allowed by the minimum flow rules adopted by the 
SWFWMD have differed between the freshwater and tidal reaches on each river.   In the 
Anclote River the minimum flow percentages were fairly similar between the freshwater and 
estuarine reaches, but freshwater minimum flows requires a reduction in seasonal percentage 
withdrawals to 8% when flows in the river are above 138 cfs, whereas the estuarine minimum 
flows do not (SWFWMD, 2010B).  As a result, the SWFWMD adopted the freshwater minimum 
flow rates for the entire Anclote River.   In the Peace, Alafia and the Pithachascotee Rivers, 
which are the other comparable examples, the minimum flows adopted for the estuarine 
reaches allowed for higher percentage withdrawals than the freshwater reaches and separate 
minimum flows were adopted.  

Considering that there is more water is available for supply in the lower reaches of each river, 
combined with the change in freshwater flow requirements between freshwater and estuarine 
ecosystems,  it makes sense to implement withdrawals are far downstream as practically 
possible.   As described in this report, this approach was taken by the regional water supply 
utilities the use the Peace and Alafia Rivers, as their intakes are optimally located to maximize 
water supply availability while minimizing the potential for adverse environmental impacts.     
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Another case of large scale withdrawals that are regulated using the percent-of-flow approach are 
diversions from the Little Manatee River to a 4,000 acre offstream cooling pond for the Manatee 
power plant operated by Florida Power and Light Company.  The intake for this facility, which was 
constructed in the 1970s, is located approximately 18 miles upstream of the mouth of the river and 
seven miles upstream of the maximum penetration of brackish water in the dry season.   Although it 
would be preferable if this intake were located several miles downstream, this location is good in 
that the withdrawals affect only a fairly short portion of the freshwater reach of the Little Manatee 
River with no impacts extending upstream.  

With the approach that has been implemented on these three rivers, flows are not affected in river 
above the intake where the maintenance of water levels and current velocities is particularly 
critical.   Flows are withdrawn at a downstream location just above the estuarine reach, where the 
requirements for freshwater flows are different due to the changes in the rivers physical, water 
quality, and ecological characteristics.   

Sea level rise associated with global warming should be considered when assessing the new surface 
water withdrawal sites, as sea level rise will act to push brackish waters farther upstream.  This 
however, can be accounted for in developing a withdrawal schedule that ceases surface water 
withdrawals during low flows when brackish waters occur at the intake and then resume 
withdrawals when higher freshwater flows push brackish waters downstream.  As described on 
page 37, this is currently the operational plan at the intake of the PRMRWAS facility on the Lower 
Peace River.   If necessary, another alternative could be to develop a secondary intake father 
upstream to be used during times of low flow and maximum upstream brackish water penetration.  

Minimum flows adopted for rivers by the SWFWMD typically have a low flow threshold for the 
cessation of surface water withdrawals, which can be implemented based on water quality or 
environmental protection.  In tidal river estuaries, low flow thresholds have the benefit of 
preserving all the freshwater inflow during times of low flow when it is ecologically most critical, 
and are frequently in effect in the spring dry season when there is extensive use of tidal river 
ecosystems by estuarine dependent species (Flannery and others, 2002).    

By locating the intake site as far downstream as possible, flows are preserved in the upstream 
reaches of the rivers which are most sensitive to impacts.  Many of Florida’s freshwater rivers have 
already been affected by non-point source pollution, nutrient enrichment, habitat alteration and 
the invasion of non-native plant, invertebrate and fish species.   Over much of their flow regime the 
last thing these freshwater rivers need is to have their flows reduced.   

Given the small size and short length of the region’s rivers and their susceptibility to impacts, water 
supply plans that include the region’s rivers should evaluate intake sites located as far downstream 
as possible. The funds necessary to construct water transmission lines to transport water to 
upstream users or water storage facilities would be money well spent.  
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Figure 1.   Map of Peace River watershed showing the main stem of river, major tributaries, and the locations of long-term USGS 
streamflow gages.  Adapted from SWFWMD (2002).  
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Figure 2.  Yearly deviations from:  (A) annual average;  (B) wet season (June – September); and (C) dry season (October – May) average 
rainfall totals for the Peace River watershed taken from the regional rainfall summaries available from the Southwest Florida 
Water Management District website.   Average rainfall totals for the 1930 to 2017 are annual - 52.2 inches, wet season - 31.5 
inches, and dry season - 20.7 inches. 
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Figure 3.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
Peace River at Bartow gage for 1940 to 2017.  
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Figure 4.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
Peace River at Ft. Meade gage for 1975 to 2017.  
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Figure 5.  Hydrographs of differences in same-day flows reported by the USGS for the Peace River at Bartow and Peace River at Ft. 
Meade gages (Ft. Meade minus Bartow) for 1975 – 2017 and 2014 – 2016.   
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Figure 6.  Hydrographs of differences in same-day flows reported by the USGS for the Peace River at Bartow and Peace River at Ft. 
Meade gages (Ft. Meade flow minus Bartow) versus the flow at Bartow.   Hydrograph B is limited to flows at Bartow less 
than 1,800 cfs for better resolution.   As described in the text, caution should be used in interpreting these graphs at very 
high flows when the river is well outside its banks.  
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Figure 7.  Photographs of locations on the channel of the Upper Peace River between Bartow and Ft. Meade during droughts showing 
areas with no or very little water.    
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Figure 8.      A - Photograph of Kissengen Spring in 1894.  B1 - Discharge from Kissengen Spring,  B2- Water levels in the Upper Floridan 
aquifer at the Romp 60 well,  and B3 - Water levels in the Intermediate aquifer at the Romp 59 well.  C- Photograph of the 
site of inactive Kissgengen Spring during 2006.  
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Figure 9.  Changes in the potentiometric surface of the Upper Floridan aquifer in the Southern Groundwater Basin from estimated     
predevelopment conditions to 1975 (A) and 2007 (B).  Adapted from Metz and Lewelling (2009). 
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Figure 10.  Changes in the potentiometric surface of the Upper Floridan aquifer in the Upper Peace River basin from estimated 
predevelopment conditions to May 2007 (A) and September 2007 (B) levels.  Adapted from Metz and Lewelling (2009).   
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Figure 11. Generalized potentiometric surface of the Upper Floridan aquifer relative to the bed of the channel of Peace River for pre-   
development conditions and average May conditions for 1989-2002.   Reprinted from Basso (2003).  
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Figure 12.  Location of karst features in reaches 1 and 2 of the Upper Peace River.  Reprinted from Metz and Lewelling (2009).  
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Figure 13.  Photographs of sinks in the channel of the Peace River between Bartow and Ft. Meade: (A) Ledges sink;  (B) Midway Sink; (C) 
Cavity near Wabash complex;  (D) Crevasses Sink.   Adapted from Metz and Lewelling (2009) 
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Figure 14.  Photographs of sinks in the floodplain of the Peace River between Bartow and Ft. Meade: (A) Sink in eastern floodplain;          
(B) Gator Sink;  (C) Dover Sink during dry conditions;  (D) Dover Sink with ponded water during high river water levels.  
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Figure 15.  Streamflow gains and losses along reaches 1 and 2 from the Peace River at Wasbash (site 2) to the Peace River at Clear 
Springs gaging stations (site 11).   Reprinted from Metz and Lewelling (2009). 
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Figure  16.  Major Land use categories in the Upper Peace River Basin for 2005.  Reprinted from Metz and Lewelling (2009) 
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Figure 17.  Distribution wetland types classified by the National Wetlands Inventory along the Upper Peace River from the origin of the  
Peace River above Bartow to Zolfo Springs.  Towns are circled for geographic reference. Adapted from SWFWMD (2002). 
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Figure 18.    Distribution of major developed land uses in the Peace River watershed for the 1940s, 1979, and 1999.  Major sub-basins    
x    labeled in the 1940s map for reference.   Adapted from PBS&J and others (2007).
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Figure 19.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
Peace River at Zolfo Springs gage for 1934 to 2017.  
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Figure 20.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
Peace River at Arcadia gage for 1931 to 2017.  
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Figure 21.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for Charlie 
Creek near Gardner for 1951 to 2017.  
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Figure 22.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for Horse 
Creek near Arcadia for 1951 to 2017.  

 



F-23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for Joshua 
Creek at Nocatee for 1951 to 2017.  
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Figure 24.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for Payne 
Creek near Bowling Green for 1980 to 2017.  
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Figure 25.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for Shell 
Creek near Punta Gorda for 1965 to 2017.  
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Figure 26.  The Alafia River watershed showing the channels of the river and north and south prongs with the location of USGS gages on 
the Alafia River at Lithia, the North Prong at Keysville, and the South Prong near Lithia.   Also shown is the location of Lithia 
and Buckhorn Springs and the intake site for Tampa Bay Water (yellow triangle).  Adapted from SWFWMD (2005B). 
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Figure 27.  Major land use categories in the Alafia River watershed for 1972 (top) and 1999 (bottom).  Reprinted from SWFWMD 
(2005B). 
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Figure 28.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
Alafia River at Lithia for 1933 to 2017.  
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Figure 29.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
North Prong of the Alafia River at Keysville for 1951 to 2017.   No values shown for 1992 - 1995 due to lack of complete daily 
records within those years.  
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Figure 30.  Hydrographs of yearly values for average, median (P50), fifth percentile (P5) and ninetieth percentile (P90) flows for the 
South Prong of the Alafia River near Lithia for 1951 to 2017.  
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    Figure 31.   The North Prong of the Alafia River approximately one mile above the confluence with the South Prong. 



 

Gage 
Number

Drainage Area   
(mi2)

Beginning month 
and year of flow 

data

Polk County

Peace Creek Drainage Canal nr. Wahneta 2293987 162 April - 1991

Peace Creek nr. Bartow 2294161 205 January - 2006

Saddle Creek at St. Hwy 542 nr. Lakeland* 2294217 53 August - 1996

Saddle Creek at St. Hwy 570 nr, Eaton 2294290 61 February - 2009

Peace River nr. Bartow 2294655 395 May - 2002

Sixmile Creek at Bartow 2294747 not listed December- 2002

Phosphate Mine Outfall CS-8 nr. Bartow 2294759 not listed February - 2003

Barber Branch nr. Homeland 2294760 October - 2006

Peace River at Clear Springs nr. Bartow 2294775 396 June - 2002

Peace River nr. Homelad 2294781 411 October - 2001

Bowlegs Creek nr. Ft. Meade 2295013 47.2 February - 1991

Whidden Creek nr. Ft. Meade*** 2295163 43 November - 2000

Hadee County
Peace River at Bowling Green 2295184 613 December - 2010

Payne Creek nr. Bowling Green 2295420 121 October - 1986

Little Charlie Creek nr. Mouth nr. Wachula* 2295580 not listed October - 2012

Charlie Creek nr. Gardner 2296500 330 October - 1991

DeSoto County
Horse Creek nr. Arcadia 2297310 218 April - 1950

Joshua Creek at Nocatee 2297100 132 April - 1950

Charlotte County
Shell Creek nr. Punta Gorda 2298202 371 January - 1950

                                                                                                                                                                              
Summary informatipon for additional flow gages on the Peace River or 

tribuaries to the river not listed in Table 1.                                                                                                                                         
Only the most downstream gage on each tributary is listed.

Appendix A



Appendix B 
Minimum Flow Rule for the Upper Peace River 

 
 

CHAPTER 40D-8 
WATER LEVELS AND RATES OF FLOW 

 (7) Minimum Flows for upper Peace River. 
(a) Over the last several decades there has been a significant decline in flow in the upper Peace River, especially during the dry 

season. One of the major contributing factors is the elimination of baseflow as a result of ground water withdrawals that have 
lowered the potentiometric surface of the upper Floridan aquifer. In addition, surface-water drainage alterations, reduction in surface 
storage, long-term cyclical declines in rainfall and karst openings in the riverbed have played significant roles in reducing flow in 
the upper Peace River. 

(b) The minimum flows are to ensure that the minimum hydrologic requirements of fish and natural systems associated with the 
river are met and not jeopardized by withdrawals. At this time only Minimum Low Flows are being established. It is anticipated that 
mid- and high-minimum flows will be established once the controlling factors that affect those flows are better understood. 

(c) The Minimum Low Flows for the upper Peace River are set forth in Table 8-8 below. The Minimum Low Flows are 
established based on the lowest acceptable flow under the lowest anticipated flow conditions. This is determined by providing for 
the hydrologic requirements of biological communities associated with the upper Peace River system, as well as considering non-
consumptive uses including fishing, wildlife observation, general recreation, aesthetic enjoyment, canoeing and boating. This 
determination uses professional experience and judgment to identify key habitats and hydrologic requirements for specific biotic 
assemblages. This approach results in establishing Minimum Low Flows for the upper Peace River based on maintaining the higher 
of the water elevations needed for fish passage (0.6 feet or 7.2 inches) or the lowest wetted perimeter inflection point (as much 
stream bed coverage as possible for the least amount of flow) as set forth below. A ninety-five percent annual exceedance occurs 
when the flow is greater than the Minimum Low Flow at least ninety-five percent of the days, or 350 days, of a calendar year. 

Table 8-8 Minimum Flows for the upper Peace River 
Location/Gage Minimum Flow (cubic feet per second) 
Bartow / USGS Bartow River Gage No. 02294650 Annual 95% exceedance flow of 17 cfs 
Ft. Meade / USGS Ft. Meade River Gage No. 02294898 Annual 95% exceedance flow of 27 cfs 
Zolfo Springs / USGS Zolfo Springs River Gage No. 02295637 Annual 95% exceedance flow of 45 cfs 

(d) Compliance – The Minimum Low Flow is achieved when the measured flow rate is at or above the Minimum Low Flow for 
three consecutive years. Once the Minimum Low Flow has been achieved for three consecutive years, the Minimum Low Flow is 
not met when the measured flow rate is below the Minimum Low Flow for two out of ten years commencing the year after 
achievement. If the two years below the minimum flow occur anytime before the ten year period is complete, the upper Peace River 
is deemed below its Minimum Low Flow and the three consecutive years above the Minimum Low Flow is again required for 
compliance. Once the ten-year period is complete, the period will roll forward one year each year. 
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SF 4 – Analysis of the frequency and magnitude that the proposed minimum 
flows for the Upper Peace River are being met at the Ft. Meade gage 

Submitted by Sid Flannery, January 29, 2026 

This document presents graphical and statistical analyses of the frequency and magnitude that 
proposed minimum flows are being met the USGS gage Peace River at Ft. Meade, which is one 
of the three index stations used for applying the minimum flows for the Upper Peace River.   I 
think the Ft. Meade gage is key for assessing this question, for as described in the draft District 
report, the Peace River can be a losing stream on many days between the Bartow and Ft. 
Meade gages.  

The Ft. Meade gage can also be a limiting factor for any withdrawals upstream, including those 
based on the Bartow gage, as they would have to also comply with the minimum flows for the 
downstream gages including Ft. Meade.  This memo does not discuss the frequency that the 
minimum flows are being met at the Zolfo Springs gage, for the flows in the river are in much 
better shape at Zolfo Springs, and based on the material presented in the draft District report it 
appears the river is meeting the minimum flows requirements at that site. 

As will be shown in graphics on the following pages, there is a very clear pattern with the gaged 
flows at Ft. Meade being below the baseline flows by the greatest percentage amounts at low 
and medium flows, with flow deficits being much less at high flows.  For that reason, it is 
important to examine the flow duration characteristics of the time periods over which 
evaluations of the adequacy of the minimum flows are made. 

The deficits in the gaged flows relative to baseline flows at Ft. Meade are described for three 
time periods in this memo, all of which are discussed in the draft District report. The first is the 
entire period for which baseline flows were calculated, which is the period from 1975 to 2022.  
The second period is the years from 2003 to 2018 over which the Peace Rive Integrated Model 
(PRIM2) was calibrated.   The third is the period from 2016 to 2022, during which time the Lake 
Hancock project became operable which improved the low flow characteristics of the river.  

Tables with the means and selected percentile values for both the gaged and baseline flows are 
presented for these three time periods, with the percent reduction in daily baseline flows 
represented by the gaged flows listed for each of these parameters.   

The table of values for the 1975 to 2022 period is shown on the following page.
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Because it is based on many more years of record (48 years) compared to the other two time periods, 
it is important to consider the percentile values in Table 1 when viewing the flow percentiles for 
shorter time periods, which might be biased to drier or wetter multi-year periods.  Although the 
estimated baseline flows have sources of uncertainty and possible error, they are very valuable for 
they estimate the flows in the river in the absence of groundwater withdrawals. As described in the 
draft District report, there have been reductions in groundwater use in the Upper Peace River basin 
over this nearly 50 year period.  As such, the effects of groundwater withdrawals on flows in the river 
have varied as well.  Given that, the baseline flow record probably best represents the natural flow 
characteristics of the river at the Ft. Meade gage. 

Note that the median flow for Ft. Meade is 102 cfs, with an interquartile range (25th to 75th 
percentiles) of 45 to 255 cfs.  Although this period covers a  long period of record over which impacts 
to the flows of the river have likely changed, the percent reductions in the baseline flows are very 
large.   For example, the median gaged flow (78 cfs) represents a 24% reduction in the median 
baseline value.   The reductions in low flow percentiles (P5 and P10) are much greater, at 79 and 70 
percent, respectively.  This is not surprising, as the formation of karst features in the river channel and 
floodplain and groundwater drawdowns have caused large reductions in the low flows of the river. 

Table 2 shows the same statistics for the years for 2003 to 2018 for which the PRIM2 model was 
calibrated. Given that adjustments that were applied to earlier years based on water use estimates, 
the years from 2003 to 2018 probably represent the most accurate period for the baseline 
predictions.   This 16-year period had some high flow years (2004 and 2005), but included a several 
dry years (see Figure 2-3 in District report) and values for the median and lower flow percentiles (P5 
to P25) are somewhat lower than for the long-term period shown in Table 1.  However, as with the 
longer period, there are still substantial reductions from baseline conditions for the median and lower 
percentile flows.

Mean P5 P10 P25 P50 P75 P90 P95
Baseline flow 230 14 23 45 102 255 615 945
Gaged flow 209 3 7 26 78 230 591 923
Percent reduction 9% 79% 70% 42% 24% 10% 4% 2%

Table 1.  Mean and percentile values for baseline and gaged flows and the percent        
reduction in each value at the Ft. Meade gage for the years 1975 - 2022 (48 years).

Mean P5 P10 P25 P50 P75 P90 P95
Baseline flow 237 11 18 39 87 267 696 1008
Gaged flow 220 3 6 21 70 246 675 986
Percent reduction 7% 73% 67% 46% 20% 8% 3% 2%

Table 2.  Mean and percentile values for baseline and gaged flows and the percent        
reduction in each value at the Ft. Meade gage for the years 2003 - 2016  (16 years).
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Much higher mean and percentile values exist for seven-year period from 2016 to 2022, as it 
included a number of years with near average or above average rainfall.  For baseline flows, the 
mean value for this recent period listed in Table 3 below is 320 cfs, compared to mean values of 
230 and 237 cfs for the other periods in Tables 1 and 2.  Also, the median flow for the recent 
period (145 cfs) is well above the long-term median of 102 cfs (Table 1) and the median value of 
87  cfs for the 2003 to 2018 period (Table 2). 

 

It is notable that the P5 and P10 values for the gaged values during this recent seven-year 
period were much greater than for the other two periods.  This is partly due the 
implementation of the Lake Hancock project, which came online in 2016 and stores water in the 
wet season and releases it to the river in the dry season.   

However, the P5 and P10 values for baseline flows were also much greater in this recent period 
compared to the other two periods.   At the time of this writing, I did not know if the baseline 
scenario produced by the PRIM2 model for these later years included Lake Hancock discharges 
(I would think not), but regardless, there appears to be a major climatic factor for the high P5 
and P10 values in Table 3 as this was a fairly wet seven-year period. There is serial effect to 
flows in that wet years and high flows tend to bring up aquifer levels, which may slow the rate 
of groundwater loss from the river to the underlying aquifer during dry periods.   

In that regard, I offer a cautionary note to the District and readers of the minimum flows report, 
in that the encouraging results from the last several years seem to have been influenced by a 
strong climatic effect in addition to the release of water from Lake Hancock.  Similarly, in 
viewing the graphics presented on the following pages, keep the long-term flow statistics of the 
river (Table 1) in mind when considering how well the river is meeting it minimum flows over 
the typical flow range of the river. 

   

                                 Text continued on the following page 

Mean P5 P10 P25 P50 P75 P90 P95
Baseline flow 320 40 44 61 145 417 860 1273
Gaged flow 305 31 34 49 127 400 835 1250
Percent reduction 5% 22% 23% 20% 12% 4% 3% 2%

Table 3.  Mean and percentile values for baseline and gaged flows and the percent                
reduction in each value at the Ft. Meade gage for the years 2016 - 2022  (7 years).
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Plots are presented on the following pages for daily percent reduction values the gaged flows 
represent relative to baseline flows vs. the same-day rate of gaged flow at the Ft. Meade gage.  
Red reference lines are shown in the graphs for the maximum percentage withdrawal rates for 
the four flow blocks allowed by the proposed minimum flow rule, which are listed in Table 4. 
Note that 21 cfs serves as a low-flow threshold below which no withdrawals are allowed. 

 

 

 

 

 

       * A full 12% of flow cannot be taken until flows reach a rate of 24 cfs 

Daily percentages that gaged flows are reduced from baseline flows are plotted vs. the same-
day flow rate for the gaged flow in Figure 1 for the 48-year period from 1975 to 2025.  There is a 
strong nonlinear relationship in the greatest flow reductions occur at low flows and substantial 
reductions occur over range of medium flows. Keep in mind the median gaged flow for this 
period is 102 cfs. 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Daily values for percentage that gaged flows are reduced from baseline flows vs. the  
same-day gaged flow for the years 1975 – 2022.  

Block 1 < 21 cfs 0%
Block 2   >21 cfs and <120 cfs 12%*

Block 3A > 121 cfs and < 529 cs 10%
Block 3B > 529 cfs 7%

Table 4.  Flow ranges and maximum allowable percentage withdrawl                      
x               rates for the four flow blocks at the Ft. Meade gage. 
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It is clear there is a strong nonlinear pattern for the percent reductions in baseline flows as the 
most severe reductions are at low flows, as it has been well documented in several studies that  
the low flows in the river have been highly impacted near the Ft. Meade gage.  Analysis for this 
period found that 91 percent of the days below the median flow of 102 cfs were not meeting 
the minimum flows and 82 percent of they days below the 75th percentile flow of 255 cfs were 
not meeting the minimum flows. 

However, this could be viewed as a worst-case scenario, as the impacts to the river at Ft. Meade 
might have been most pronounced a number of years ago.  So, to assess more recent 
conditions, graphs were also created for two later periods previously described.  A similar graph 
for the sixteen-year period 2003 to 2018 is presented in Figure 2.   

 

 

 

 

Figure 2.  Daily values for the percentage that gaged flows are reduced from baseline flows vs. 
the same-day gaged flow for the years 2003 – 2018.  

The same pattern emerges as there are dramatic reductions in baseline flows at low flows, with 
substantial reductions in extending to medium flows.  For this period, 90 percent of the days 
below the median long-term median flow of 102 cfs were not achieving their minimum flows, 
while 79 percent of the days below the long-term 75th percentile value were not meeting the 
minimum flows.  

However, in both Figures 1 and 2 there is clear pattern of the percent reductions being within 
the minimum flow percentages at higher flow rates.   Flows above 500 cfs occurred during both 
study periods, but are not shown here in order to give better resolution on the X axis. As will be 
discussed, even though the allowable withdrawals go down to seven percent at flow rates 
above 529 cfs, the river continued to comply with the minimum flow limits above that flow.  
Graphics were also generated plotting the daily percent reductions vs. the same-day baseline 
flows, but the patterns and interpretation are very similar to the plots presented here. 
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A similar graph for the seven-year period from 2016 to 2022 is shown in Figure 3.  It is obvious 
from this graph that this period included much less that data than the other two evaluation 
periods.  Also, as previously discussed, the gaged flows (and corresponding baseline flows) were 
generally higher during this period, so there is not as much data at low and low-medium flows. 

 

 

 

Figure 3.  Daily values for the percentage that gaged flows are reduced from baseline flows vs. 
the same-day gaged flow for the years 2016 to 2022.  

Still, the same patterns emerge as percentage reductions in baseline flows are greatest at low 
flow and extend to medium flows.  Seventy-two percent of the days below the long-term 
median flow of 102 cfs did not meet the minimum flows, while 63% of the days below the long-
term 75th percentile flow of 255 cfs did not meet the minimum flows during this period.  

As previously described, this was generally a wet period and this may have helped keep 
groundwater levels somewhat higher near the river which benefited dry season flows.  The Lake 
Hancock project also seemed to benefit the low flows in the river, as the reductions in gaged 
flows in Block 1 (< 21 cfs) maxed out at percentages between 60 and 70 percent, whereas the 
other two time periods had many days with flow reductions between 70 and 100 percent at 
very low flows. Also, it should be noted that when the baseline flow is very small (less than 10 
or so cfs), so relatively small reduction in flow can result in large percentage changes.   

The District report states there was a very dry spring in 2017, which is when most of the flows in 
Block 1 occurred within this seven-year period.  During that dry spring, flows ceased completely 
for a brief period of time at the Clear Springs gage, which is located about a quarter of the way 
downstream from Bartow toward the Ft. Meade gage.   The evidence indicates the Lake 
Hancock project is benefitting the low flows of the upper river, but the effectiveness of the 
project should be revisited in drier years or a series of years that have more prolonged dry 
conditions than what occurred in the 2016 to 2022 period.   
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Another way to evaluate the effectiveness of the minimum flows is to examine the number of days within 
each of the flow blocks that met the percentage flow reductions allowed by the proposed minimum flows 
listed in Table 4.   This was approach was done only for the two more recent periods, as the values going 
back to 1975 would capture some groundwater conditions that no longer apply, as there has been some 
recovery of groundwater conditions in the region. 

The values for the period from 2003 to 2018 are listed in Table 5, calculated for days when the gaged flows 
were within the various flow blocks.  It is notable that during this period, which included some low flow 
years, the gaged flows in river at Ft. Meade were in the low flow Block 1 twenty-five percent of the time, 
which is quite a lot. 

Block 2 is very important for the ecology of the river, as it based on habitats and communities that are in 
the river channel, which are closely related to the water levels and current velocities of the river.  During 
this 16-year period, only 20% of the flows at Ft. Meade would have met the minimum flows in Block 2.   

A total of 37% of the days in this period were in Blocks 3A and 3B, which correspond to flows that inundate 
the floodplain of the river.  The percentages that the minimum flows were met were much higher for these 
blocks, at 70% for Block 3A and 100% for Block 3B.  This is keeping with the data shown in Figures 1, 2, and 
3 that the percent reductions in baseline flows are much less at high flows in the river.  Finally, for all the 
blocks combined, basically all days in the period, the minimum flows were only achieved 40 percent of the 
time during this sixteen-year period. 

 

 

                       

                                                      Text continued on the next page 

 

 

 

Flow range for each 
Block

Total number of 
days in block

Percent of total days 
within the block

Percent of days minimum flow 
met in the block

Block 1 < 21 cfs 1,457 25% 0%
Block 2 > 21 cfs and < 120 cfs 2,179 37% 20%
Block 3A > 120 cfs and < 529 cfs 1,436 24% 75%
Block 3B > 529cfs 772 13% 100% 
All Blocks combined 5,884 40% 

Table 5.  For each Flow Block  - The number of days, the percentage of total days within that block, and the percentage       
x               of days within that block that the minimum flows were met at the Ft. Meade gage for the years 2003 to 2018.      
x               Values at the bottom are for all blocks combined.
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As it was during a generally wetter period, the results for the period from 2016 to 2022 are much different 
(Table 6).  The first very striking point is the smaller percentage of days in Block 1, which was partly due to 
climate, and possibly due operation of the Lake Hancock structure.  However, the baseline flows only had 33 
days in Block 1.  As previously discussed, generally weather helps groundwater levels in the region, and 
most of the days in Block 1 in this period occurred in the spring of 2017, which was the driest stretch of 
time during this seven-year period. 

Nearly half for the total number of days in this period occurred in Block 2, again demonstrating the 
importance of this flow block to the ecology of the river. The minimum flows were met only 30% of the time 
in Block 2, which clearly means the minimum flows oriented to the health of the river channel were not 
adequately met.  As with the 2003 to 2018 period, the percentages of days that met the minimum flows 
were much higher for Blocks 3A and 3B, with 100 percent compliance in Block 3B.   The minimum flows 
were met for 59% of all the days in this recent seven-year period, which is a surprisingly low number, given 
that it was a relatively wet period. 

 

Collectively, the findings presented in this memo strongly suggest that it would be incorrect for the District 
to conclude in the minimum flows report that the minimum flows for the Ft. Meade gages are being met. As 
previously discussed, this also has application to the river near the Bartow gage, as withdrawals from that 
reach of the river would have to also comply with the minimum flow limits at Ft. Meade.   I will likely add 
more perspective on this topic when I submit my final review comments on the draft report to the District, 
which I hope to do before the peer review meeting scheduled for February 6th. 

Flow range for each 
Block

Number of days in 
the Block

Percent of total days 
within the Block

Percent of days minimum flow 
met withinin the Block

Block 1 < 21 cfs 37 1% 0%
Block 2 > 21 cfs and < 120 cfs 1,197 47% 30%
Block 3A > 120 cfs and < 529 cfs 840 33% 81%
Block 3B > 529cfs 483 19% 100%
All Blocks combined 2,557 59%

Table 6.  For each Flow Block - The number of days, the percentage of total days within that block, and the percentage x               
x               of days within that block that the minimum flows were met at the Ft. Meade gage for the years 2016 to 2022.      
x               Values at the bottom are for all blocks combined.



SF-5  Verbal comments presented to the January 30, 2026 meeting of the Upper 
Peace River minimum flows scientific review panel by Sid Flannery 

This morning the District uploaded to the minimum flows WebBoard five documents I hope you will 
review.   Two of these documents were previously uploaded to the WebBoard, but they were 
uploaded again today to make them easy to find along with the three new documents. 

Four of these documents focus on the Ft. Meade gage, as it is the key index station for establishing 
minimum flows for the northern reaches of the Upper Peace River, as any new withdrawals near 
Bartow would also have to comply with the minimum flow limits at Ft. Meade. 

Document 1 discusses two hydrographs presented in the draft District report that I think indicate the 
minimum flows are not being met at Ft. Meade for significant amounts of time.  It also disagrees with 
the statement on page 233 in the minimum flows report, that states that Table 5-6 in the report 
indicates that the minimum flows for the Upper River are being met. Document 1 also questions the 
assumption that there is linear rate of increase in the relationship between groundwater levels and 
streamflow in the PRIM modeling approach. 

Document 2 is a transcript of the verbal comments I had hoped to give at last week’s peer review 
meeting that got canceled.    

Document 4 is particularly important, for on Monday I requested from the District, records for the 
baseline and gaged flows for three USGS gages that they analyzed for the minimum flow report.    
Using those data, Document 4 contains graphical and statistical analyses of the amount of time the 
gaged flows at Ft. Meade have been within the flow reduction limits specified in the proposed 
minimum flows.  As that document demonstrates, the minimum flows are not being met for 
significant periods of time at the Ft. Meade gage, and I think it is incorrect for the District to claim the 
minimum flows are being met in that reach of the Upper Peace River. I do think the minimum flows 
are being met at the Zolfo Springs gage.   I hope you read all of these documents, but document 4 is 
particularly critical.  

Document 5 is simply the written transcript of what I am saying to you today, in case you want to 
consult it as a guide to these documents. 

Finally, Document 3 is a report that I wrote and submitted to the District in 2018, which examines flow 
quantities and trends in the Peace River and discusses human impacts to flows in the Upper Peace 
River.  That report presents a technically sound approach for the establishment of minimum flows in 
the Peace River, for although flows in the northern reaches of the Upper Peace River have been highly 
impacted, the flow regime of the river greatly improves as you proceed downstream from Ft. Meade, 
and new withdrawals in compliance with minimum flows could be obtained near Zolfo Springs.  

Again, I don’t think the minimum flows are being met in the reach of the river near Ft. Meade and 
Bartow, and a credible position needs to be taken on this matter in order to properly manage the 
natural resources of the Upper Peace River and apply the percent-of-flow method, which the District 
has worked on very conscientiously for a long time to develop and implement.  



From: Angel Martin
To: Kristina Deak
Subject: Upper Peace River MFLs Review Panel
Date: Friday, January 30, 2026 4:45:12 PM

[EXTERNAL SENDER] Use caution before opening.
Below are comments concerning the proposed minimum flows for the Upper Peace River on January
30, 2026, peer review panel meeting.
 

1.       More discussion is needed in the report concerning the historical flows and what is meant
by the robustness of the flows.

2.       Additional discussion is needed concerning groundwater/surface-water interaction. Specify
conditions where the Peace River is either a gaining or losing river flow. Conditions will
change with increasing rainfall and/or recovering groundwater levels. Specify the conditions
concerning the linearity or nonlinearity of baseline flow conditions. Specify where the major
karst features are located, specifically on a map.

3.       Add some references and discussion concerning changes in water color, pH, and dissolved-
oxygen concentrations. Discuss the possible reasons for the results of these water-quality
parameters.

4.       Concerning the differences if flow at various USGS streamgages after the 2004 hurricanes,
conditions at the streamgages can appreciably change at a gaging station due to changes in
river conditions and dynamics. The USGS usually discusses these changes as part of their
records. Maybe a brief discussion on this subject with the USGS is warranted.

 
Thank you for the opportunity to comment on the subject panel meeting. Please contact me if you
need any additional information and/or clarification.
 
__________
Angel Martin          
813-767-6944
 

mailto:amartin217@tampabay.rr.com
mailto:Kristina.Deak@swfwmd.state.fl.us
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Lei Yang

From: Bauzo-Deleon, Vanessa <Vanessa.Bauzo@fdacs.gov>
Sent: Wednesday, February 4, 2026 1:06 PM
To: Lei Yang
Cc: Hart, Madeline; Escribano, Yesenia; Kristina Deak; Chris Zajac
Subject: Re: Upper Peace River Draft MFL Comment FDACS OAWP 

[EXTERNAL SENDER] Use caution before opening.  

Amazing, thank you so much for the prompt response and clarification.  
 
This response via email is perfect for me, however if you would like this also reflected on the webboard 
I’m all for it.  
 
Vanessa Bauzo 
Environmental Consultant 
Office of Agricultural Water Policy (OAWP) 
Florida Department of Agriculture and Consumer Services 
  
(850) 228-9618 Cell 
vanessa.bauzo@FDACS.gov 
  
78 Sarasota Center Boulevard, 
Sarasota, Florida 34240 
  
www.fdacs.gov/Divisions-Offices/Agricultural-Water-Policy 
  
Please note that Florida has a broad public records law (Chapter 119, Florida Statutes). Most written communications to or from 
state employees are public records obtainable by the public upon request. Emails sent to me at this email address may be 
considered public, and will only be withheld from disclosure if deemed confidential pursuant to the laws of the State of Florida.  
  
  
 

From: Lei Yang <Lei.Yang@swfwmd.state.fl.us> 
Sent: Tuesday, February 3, 2026 4:16:01 PM 
To: Bauzo-Deleon, Vanessa <Vanessa.Bauzo@fdacs.gov> 
Cc: Hart, Madeline <Madeline.Hart@fdacs.gov>; Escribano, Yesenia <Yesenia.Escribano@fdacs.gov>; Kristina Deak 
<Kristina.Deak@swfwmd.state.fl.us>; Chris Zajac <Chris.Zajac@swfwmd.state.fl.us> 
Subject: RE: Upper Peace River Draft MFL Comment FDACS OAWP  
  

 
Hi Vanessa, 
  
Thank you for your comment during the January 16, 2026 peer review meeting, which has been included 
in the kickoff meeting minutes currently posted on the WebBoard. I’ve reviewed the matter, and here is a 
brief explanation: 
  

 CAUTION: This email originated from outside of the organization. Do not click links or open 
attachments unless you recognize the sender and know the content is safe.  
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We adopted the definition established in the Peace River Cumulative Impact Study (PRCIS) by PBSJ 
(2007) – Appendix C. I this study, the Florida Land Use, Cover and Forms Classification System 
(FLUCFCS) categories listed in the table below were classified as “Intense Agriculture.” 
  

 
* Commonly recognized and used for FLUCCS 
  
To ensure consistency, clarity, and shared understanding for all readers and stakeholders, we plan to 
include additional descriptions of these definitions in the report update following the Peer Review 
Panel’s initial review report, which is scheduled around Feb 13.  
  
If you prefer, I can also post this communication on the WebBoard so others can view both your message 
and my response. Please let me know your preference. 
  
Best regards, 
  
Lei Yang, PhD, PE 
Chief Professional Engineer 
Environmental Flows and Levels Section 
Natural Systems and Restoration Bureau 
Southwest Florida Water Management District 
2379 Broad Street • Brooksville • FL 34604-6899 

 352-269-5947 •  Lei.Yang@swfwmd.state.fl.us 
  
From: Bauzo-Deleon, Vanessa <Vanessa.Bauzo@fdacs.gov>  
Sent: Tuesday, February 3, 2026 3:39 PM 
To: Lei Yang <Lei.Yang@swfwmd.state.fl.us> 
Cc: Hart, Madeline <Madeline.Hart@fdacs.gov>; Escribano, Yesenia <Yesenia.Escribano@fdacs.gov> 
Subject: Upper Peace River Draft MFL Comment FDACS OAWP  
  
[EXTERNAL SENDER] Use caution before opening.  
Good Afternoon Dr. Yang,  
  
I am writing to document a comment raised during the January 16th peer review meeting on the proposed minimum 
flows for the Upper Peace River.  
  
FDACS requests that the report include a clear definition of “intensive agriculture”, including a list of the land use 
categories classified as intensive agriculture and a description of the process used to categorize intensive 
agriculture from other agriculture to ensure consistency, clarity, and shared understanding for all readers and 
stakeholders.  

LYANG
Underline
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Thank you for the opportunity to review and comment on the report and we look forward to this Fridays Peer 
Review Meeting.  
  
All the best, 
  
Vanessa Bauzo 
Environmental Consultant 
Office of Agricultural Water Policy (OAWP) 
Florida Department of Agriculture and Consumer Services 
  
(850) 228-9618 Cell 
vanessa.bauzo@FDACS.gov 
  
78 Sarasota Center Boulevard, 
Sarasota, Florida 34240 
  
www.fdacs.gov/Divisions-Offices/Agricultural-Water-Policy 
  
Please note that Florida has a broad public records law (Chapter 119, Florida Statutes). Most written communications to 
or from state employees are public records obtainable by the public upon request. Emails sent to me at this email address 
may be considered public, and will only be withheld from disclosure if deemed confidential pursuant to the laws of the 
State of Florida. 
  
  



Whereas the Ancient Islands Group of Sierra Club Florida believes it is important to 
maintain adequate flows in the Upper Peace River to provide for a properly functioning 
riverine ecosystem and to provide adequate flow to allow the use of the river’s Blueway 
corridor for outdoor recreation 

The Ancient Islands Group’s Executive Committee resolves to urge the Southwest Florida 
Water Management District staff to review the data in its draft minimum flows and levels 
report  that claims the river is meeting minimum flow standards and will meet them for the 
next 20 years for errors in light of independent analyses that have concluded those 
standards are not being met. 

Approved Feb 4, 2026. 

 

Tom Palmer, Chair. 
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Daily percentages that gaged flows at Zolfo Springs are changed from baseline are plotted vs. the same-day 
gaged flow in Figure 1 for the 48-year period from 1975 to 2025.  For comparison, the corresponding Figure 
from the Ft. Meade gage is presented in Figure 2. Positive values on the Y axis denote a reduction in flow from 
baseline to gage, whereas negative values mean a gain in gaged flow relative to baseline. Values below the 
reference line are meeting the percentage limits in the proposed minimum flows wife values above the line are 
not. These graphics demonstrate the very different relationship for meeting the minimum flows between these 
two index gages.  Based on Figure 1, flows the Zolfo Springs gage meet the minimum flows the vast majority of 
the time, while they often do not at Ft. Meade except for very high flows. 

 

 

 

 

 

 

 

 

 

 

Figure 1.  ZOLFO SPRINGS  - Daily values for the percentage that gaged flows are reduced from baseline flows 
vs. the same-day gaged flow for the years 1975 – 2022 at the Zolfo Springs gage.   

 

 

 

 

 

 

 

 

Figure 2.  FT. MEADE - Daily values for the percentage that gaged flows are reduced from baseline flows vs. 
the same-day gaged flow for the years 1975 – 2022 at the Ft. Meade  gage.
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Similar graphs for the sixteen-year period from 2003 to 2018 at the Zolfo Springs gage is 
presented in Figure 3, while a graph for the recent 2016 to 2022 period is shown in Figure 4.  
The pattern remains that the minimum flows were almost always met at Zolfo Springs during 
2003 to 2018, or entirely met during the period from 2016 to 2022. This agrees with the values 
presented in Tables1, 2, and 3 that indicate the gaged flows at Zolfo Springs are generally higher 
than the baseline flows, with the reasons for this described in the draft District report. 

 

 

 

 

 

 

 

 

 

Figure 3.  Daily values for the percentage that gaged flows are reduced from baseline flows vs. 
the same-day gaged flow for the years 2003 – 2018 at the Zolfo Springs gage.  

 

 

 

 

 

 

 

 

 

Figure 4.  Daily values for the percentage that gaged flows are reduced from baseline flows vs. 
the same-day gaged flow for the years 2016 to 2022 at the Zolfo Springs gage.
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As was presented for Ft. Meade in Document SF-4, another way to evaluate how well the gage flows are 
meeting the minimum flows at Zolfo Springs is to examine the number of days within each of the flow 
blocks that met the percentage flow reductions allowed by the proposed minimum flows that were listed in 
Table 8.   This was approach was done only for the two more recent periods, as the values going back to 
1975 would capture some groundwater conditions that no longer apply, as there has been some recovery of 
groundwater conditions in the region. 

The values for the period from 2003 to 2018 are listed in Table 9, calculated for days when the gaged flows 
were within the various flow blocks.  The most important thing in Table 9 is that the minimum flows were 
met 99% of the days during this period.  Also, it is notable that flows were in Block 1 for 9% of the time, 
while it was in Block 1 for 25% of the time at Ft. Meade in this same sixteen-year period, possibly reflecting 
improvement in low flow conditions in the river near Zolfo Springs.  However, it could also be influenced on 
the physical features in the river that the Block 1 threshold was based on in these two sections of the river. 

 

Values for the more recent 2016 to 2022 are listed in Table 10, in which the minimum flows were met 100% 
of the time in all the blocks.  It is also notable that the gaged flows were in Block 1 only 2% of the time, and 
in the higher flow blocks of 3A and 3B a total of 57% of the time, reflecting that this was a generally wet 
period.   

 

 

                                                            Text continued on the next page 

Flow range for each 
Block

Total number of 
days in block

Percent of total days 
within the block

Percent of days minimum flow 
met in the block

Block 1 < 40 cfs 507 9% 98%
Block 2 > 40 cfs and < 274 cfs 2,622 45% 97%
Block 3A > 274 cfs and < 1,047 cfs 1,779 30% 100%
Block 3B > 1,047 cfs 936 16% 100%
All Blocks combined 5,844 99%

Table 9.  For each Flow Block  - The number of days, the percentage of total days within that block, and the percentage of      
x               of days within that block that the minimum flows were met at the Zolfo Springs gage for the years 2003 to 2018.      
x               Values at the bottom are for all blocks combined.

Flow range for each 
Block

Number of days in 
the Block

Percent of total days 
within the Block

Percent of days minimum flow 
met withinin the Block

Block 1 < 40 cfs 40 2% 100%
Block 2 > 40 cfs and < 274 cfs 1,055 41% 100%
Block 3A > 274 cfs and < 1,047 cfs 905 35% 100%
Block 3B > 1,047  cfs 557 22% 100%
All Blocks combined 2,557 100%

Table 10.  For each Flow Block - The number of days, the percentage of total days within that block, and the percentage ofx               
x               days within that block that the minimum flows were met at the Zolfo Spring gage for the years 2016 to 2022.      x                
x               Values at the bottom are for all blocks combined.
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The combined results for Ft. Meade in document SF-4 and the results for Zolfo Springs his document clearly 
demonstrate how much improved the flow regime of the Upper Peace River is near Zolfo Springs compared 
to Ft. Meade.   It was the conclusion of document SF-4 that the river was not meeting its minimum flows at 
the Ft. Meade gage, but it is at Zolfo Springs.   

This also has implications for water supply. If the minimum flows at Ft. Meade are not being met, it should 
not be used for water supply except for possibly during very high flows, which likely would not be cost 
effective. In contrast, new withdrawals could be obtained near Zolfo Springs, as it is meeting its minimum 
flows and the flows in the river are much greater there.  For example, for the sixteen-year period for 2003 
to 2018, the median gaged flow at Zolfo Springs was 241 cfs compared to 70 cfs at Ft. Meade, while the 
average gaged flow was 540 cfs at Zolfo Springs compared to 220 cfs at Ft. Meade. 

In total, these findings are technical sound represent good water management, as substantial yields from 
the Upper Peace River could be obtained near Zolfo Springs, while flows should be preserved without 
withdrawals, with the possible exception of very high flows, near Ft. Meade to prevent further harm to that 
reach of the Upper Peace River.  
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