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Suggestions for Using Adobe Acrobat
to Read this Report

The following is a list of suggestions that you may want to consider
when using Adobe Acrobat to view this document and follow the
included links to the report’s graphics and tables.

1. This report was organized using Version “X” of Adobe Acrobat. You may receive a
warning when opening the document using an older version of the Adobe Acrobat
Reader — however, you can probably skip the warning without seeing any problems.
We have tried using older versions back to Adobe 4.0 without any noticeable
problems. Those familiar with using older Adobe Acrobat versions shouldn’t
encounter any problems. However, you can download a free new version of the
Adobe Reader from the web.

2. Links to figures, tables at the back of the document, or particular sections are
indicated by the use of bold, blue lettering. When you move your mouse over these
links a hand will appear, and left clicking the mouse will take you there.

3. However, to get back to the current location you need to have “return to previous
page” tool on your Adobe Acrobat tool bar enabled. Clicking this will take you back
to the main text after you have looked at the linked figure or table. (If you do not
have this feature enabled on your tool bar, you can add it by going to
tools/customize/and then adding a check to “previous page” found under the “page
navigation” tools.)

4. You can further navigate through the document by opening the “Bookmarks” on the
left hand side of the Adobe Acrobat Reader. There you will find bookmarks that are
linked to all the major sections of the document as well as all the tables and figures.
It is recommended that you keep the bookmarks open while reading the document.
You will find the bookmarks a convenient method of navigating through the report.

5. Finally, you may find reading the document using the links easier if you view the
document as single pages of a book, rather than using the default continuous page
setting. This is a matter of preference so you may whish to try both alternatives.
(To reset the view to single pages, go to view/page display and select “single page”.)
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This Comprehensive Summary Report includes not only simply updated information and new
analyses since the prior summary report, but also provides comprehensive overviews of the
Facility’s operations, current and projected future water demands, the historical and current
HBMP monitoring components, and summaries of the key findings and conclusions presented in
both previous HBMP and other documents relative to the Peace River watershed, the lower river
and Charlotte Harbor. A corollary goal of this report is to provide an updated single document
containing necessary background information for individuals not familiar with the long-term
history of the HBMP program and related watershed/estuarine issues.

The long-term historic and current data summarized in this report have been gathered and
compiled from a number of sources including EarthBalance, Benchmark Laboratory, VHB, ESA,
the U.S Geological Survey, the City of Punta Gorda, and the Peace River Manasota Regional
Water Supply Authority. We would also like to acknowledge the efforts of Sam Stone with the
Authority for providing information, review and comments.  Additionally, a special
acknowledgement is extended to Ralph Montgomery who, in his many years of work for the
Authority, led the efforts of many in the pursuit of the understanding of the Peace River and its
complexities.

The following summarizes the major contributions of the members of the current HBMP project
team. Additional detailed information regarding the collected data can be found in the Annual
Data Reports submitted to the District.

. EarthBalance (Florida Environmental) — currently collects all in situ water column
physical measurements and the collection of water chemistry samples for both the “fixed”
and “moving” station elements of the HBMP.

o Benchmark Laboratory — currently conducts all HBMP water chemistry analyses.

. U.S. Geological Survey (Tampa Office) — is responsible for all data collected at the
three tide gages located in the lower Peace River that continuously collect data at 15
minute intervals. Measurements at each gaging location included measurements of: 1)
surface and bottom conductivity; 2) surface and bottom water temperature; 3) and tide
stage (water depth).

Lower Peace River Continuous Recorders

1. The Harbour Heights gage is designated by USGS as site 02297460, and it is located
at the end of a private dock at River Kilometer 15.5.

2. The second site is designated by USGS as 02297350 and it is located on a dock near
Peace River Heights. This upstream monitoring site is located at River Kilometer
26.7.
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3. The third site is designated by the USGS as 02297345 and is located at the Facility’s
intake (RK 29.8). This site is also referred to as Peace River at Platt (Facility).

Gaged Stream Flow

USGS also collects daily stream flow data at a wide number of gaging locations
throughout southwest Florida. Flow data from a number of these sites are used by the
HBMP program. Data for the period of record were obtained from the USGS web site:
(http://waterdata.usgs.gov/fl/nwis/sw/)

Peace River at Bartow (02294650)

Peace River at Fort Meade (02294898)
Peace River at Zolfo Springs (02295637)
Peace River at Arcadia (02296750)
Joshua Creek at Nocatee (02297100)
Horse Creek near Arcadia (02297310)
Prairie Creek near Fort Ogden (02298123)
Shell Creek near Punta Gorda (02298202)
Myakka River near Sarasota (02298830)
0. Big Slough near North Port (02299450)

BOoo~NOOR~WNE

. VHB/ESA - VHB, with assistance from ESA, is currently responsible for all data
collected at the Authority HBMP recorders located in the lower Peace River that
continuously collect data at 15-minute intervals. Measurements at each of the gaging
locations include surface conductivity and water temperature. Previously, Atkins (Tampa
office) was responsible for data collection at these locations.

Authority HBMP Lower Peace River Continuous Recorders

1. RK 9.2 — Near surface conductivity and temperature are measured at 15-minute
intervals from the HBMP continuous recording gage attached to a navigation marker
located between the I-75 and U.S.41 Bridges. Data collection began in June 2011 and
is continuing.

2. RK 12.7 (bottom) — Near bottom (initial depth) conductivity, temperature and
dissolved oxygen were recorded at 15-minute intervals from the HBMP continuous
recorder attached to a Manatee Speed Zone Sign located on the lower Peace River
downstream of Shell Creek (River Kilometer 12.9). Data collection began in May
2008 and continued until June 2011 when the instruments were moved to record near
surface measurements.

3. RK 12.7 (surface) — Near surface conductivity, temperature and dissolved oxygen
are recorded at 15-minute intervals from the HBMP continuous recorder attached to a
Manatee Speed Zone Sign located on the lower Peace River downstream of Shell
Creek (River Kilometer 12.9). Data collection began in June 2011 and continues.
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4. RK 18.5 — Near surface conductivity and temperature are recorded at 15-minute
intervals from the HBMP continuous recorder attached to navigational aid located
near the power line crossing. Data collection began in June 2011 and continues.

5. RK 18.7 (Hunter Creek) — Near surface conductivity and temperature are recorded
at 15-minute intervals from the HBMP continuous recorder attached to Manatee
Speed Zone Sign located near the power line crossing near Jim Long Lake. Data
collection began in June 2011 and continues.

6. RK 20.8 — Near surface conductivity and temperature are recorded at 15-minute
intervals from the HBMP continuous recorder attached to navigational aid located
just downstream on an island. Data collection began in June 2011 and continues.

7. RK 21.9 — Near surface conductivity and temperature are measured at 15-minute
intervals from the HBMP continuous recording gage attached to the Manatee Speed
Zone Sign located on the Peace River near Liverpool side channel (River Kilometer
21.9). Data have been collected at this site since 2006.

8. RK 23.4 — Near surface conductivity and temperature at 15-minute intervals from the
HBMP continuous recording gage attached to the Manatee Speed Zone Sign located
on the Peace at River Kilometer 23.4. Data were collected from 2006 until May 2008,
after which monitoring at this site was suspended.

9. RK 24.5 — Near surface conductivity and temperature at 15-minute intervals from the
HBMP continuous recording gage attached to the Manatee Speed Zone Sign located
on the Peace River just downstream of Navigator Marina (River Kilometer 24.5).
Data have been collected at this site since 2006.

10. RK 30.6 - Near surface conductivity and temperature were measured at 15-minute
intervals from the HBMP continuous recording gage attached to the Manatee Speed
Zone Sign located on the Peace River just upstream of the Facility (River Kilometer
30.6). Data collection began in May 2008 and was discontinued in June 2011.

11. RK 31.7 - Near surface conductivity and temperature are measured at 15-minute
intervals from the HBMP continuous recording gage attached to the old railroad
trestle located on the Peace River upstream of the Facility (River Kilometer 31.7).
Data collection began in May 2008 and continues.

e Peace River/Manasota Regional Water Supply Authority — provides measurements of
daily withdrawals by the facility. Additionally, Sam Stone, with the Authority, provided
information, review and comments critical to this report.

e City of Punta Gorda — provides measurements of daily withdrawals and data from the Shell
Creek HBMP, as well as all historical data collected as part of their HBMP.
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2016 HBMP Executive Summary

All of the extensive HBMP analyses completed to date have indicated that neither measured nor
modeled changes resulting from Facility withdrawals have been of sufficient magnitude (relative
to the far greater natural degree of variation in freshwater inflows) to have affected the long-term
physical, chemical or biological characteristics of the lower Peace River/upper Charlotte Harbor
estuarine system. Historically, the estimated changes due to Facility withdrawals have been such
that they would have been difficult to physically measure given the far greater magnitudes of
daily, seasonal and annual naturally occurring variation. The Facility, however, has undergone
two major recent expansions (in 2002 and 2009), which substantially increased its ability to
withdraw, store, and treat water from the river. In 2010 the District completed a review and
adopted a final MFL for the lower Peace River, and the Authority’s withdrawal schedule was
subsequently modified in 2011. This permit modification seasonally increased the maximum
allowed withdrawal percentages, and when combined with the recent expanded Facility has
increased the Facility’s overall reliability to meet public demand.

The results of statistical models presented in this report estimate increases in salinity changes and
the movement of isohaline locations resulting from increased Facility withdrawals. However,
these estimated changes due to actual Facility withdrawals continue to remain small in
comparison to the relatively far greater magnitude of typical natural daily, seasonal and annual
variations. The Facility’s modified withdrawal schedule by design directs the largest volumes of
diverted river water to occur during the summer wet season, when salinities and isohaline
locations are naturally experiencing greater temporal and spatial variation in response to
increasing freshwater inflows and when expected impacts to the downstream estuary from
greater withdrawals would be less.

The 2016 HBMP Comprehensive Summary Report follows and extends the summarization and
interpretation of long-term HBMP data from previous Summary Reports. The report’s primary
goals are to provide the District with sufficient analyses to:

e Assess the presence or absence of long-term trends for important HBMP variables;

e Evaluate key relationships between ecological characteristics and freshwater inflows, and
determine whether the biological health and productivity of the estuary are showing signs of
stress related to natural periods of low freshwater inflow or potential negative influences of
Facility withdrawals;

e Assess the presence or absence of adverse ecological impacts and determine the influence
Facility withdrawals may have contributed to such impacts;

e Assess the effectiveness of the withdrawal schedule for preventing adverse environmental
impacts;

e Provide the District with sufficient analyses of the HBMP data to date to assure that the
withdrawal schedule continues to provide adequate resource protection; and
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e Evaluate the overall HBMP design and make recommendations regarding implementing
modifications.

Chapter 1 - Introduction and HBMP monitoring program overview

This introductory chapter provides an overview for readers unfamiliar with the history of the
Peace River Regional Water Supply Facility and the District’s associated series of issued Water
Use Permits. The introduction reviews the history of the Facility and its permits, as well as the
history of the major study elements that have been associated with the forty-one year record of
the ongoing HBMP. An extensive HBMP was initially established in 1975, five years prior to
completion of construction and actual Peace River Facility withdrawals, to assess the potential
for harmful effects of freshwater withdrawals on the estuarine communities of the lower Peace
River/upper Charlotte Harbor estuarine system. A number of statistical modeling efforts have
been undertaken in conjunction with continuing efforts to refine the HBMP’s ability to
quantitatively predict the magnitude of potential Facility withdrawal impacts on both the lower
river’s salinity structure and movement of the freshwater/saltwater interface. The detected and
estimated changes in salinity and/or spatial locations of isohalines resulting from Facility
freshwater withdrawals have not resulted in pronounced or systematic changes in the salinity
structure, water quality, or biological integrity of the estuarine communities of the lower Peace
River/upper Charlotte Harbor estuarine system.

The HBMP has incorporated a wide variety of study elements since its initial inception. The
HBMP was not conceived to be a rigid monitoring program, but rather a flexible study design
that could be periodically restructured based on updated findings and identified research needs.
When the first discussion began in 1975 of what might be included within such an effort, very
little was known about either salinity/flow relationships, or the spatial/temporal distributions of
other physical/chemical water quality parameters in the lower Peace River/upper Charlotte
Harbor Estuary. Even less was known about the biological communities that studies in other
estuarine systems had indicated could potentially be negatively affected by freshwater
diversions. As a result, much of the effort under the initial HBMP study design was directed
toward developing sufficient data to statistically describe the spatial distribution and seasonal
variability of physical and chemical indicators within this estuarine system, and to determine
potential relationships with naturally occurring variation in freshwater inflows. Such HBMP
investigations included the collection of monthly in situ water column profile characteristics, and
surface and near-bottom water chemistry at a wide variety of sites located throughout the
estuary.

In addition, initial attempts were begun to determine if key indicator species or biological
communities could be identified to assess responses to natural variations in freshwater inflows.
Determining the presence of such long-term relationships was thought to be especially important
because, with only a small percentage of total flow being diverted, the direct effects of
withdrawals were projected to be extremely small in comparison to natural variation. These
HBMP elements included: 1) the initial long-term study of the seasonal pattern of juvenile fishes
in the upper harbor; 2) studies of benthic indicator species; 3) the investigation of the seasonal
distribution of sea stars in the harbor and lower river; and 4) the vegetation study of first and last
occurrence of selected plant taxa along the lower Peace River.
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In the 1980s, studies of phytoplankton and zooplankton community structure and production
were added to the HBMP. These studies were again not intended to directly evaluate the
influences of withdrawals, but rather were designed to address issues related to the “health of the
estuary” and the influences of naturally occurring extended periods of drought and flood
conditions. Two short-term HBMP program elements, the benthic invertebrate study by Mote
Marine Laboratory and the fish nursery investigation by USF, were also not designed to directly
measure the influences of withdrawals, but rather were designed to investigate the response of
biological communities to natural variations in freshwater inflows.

Based on previous Summary HBMP Reports and additional analyses requested by District staff
during the permit renewal process, an expanded HBMP was approved by the District in March
1996 as part of the Facility’s 1996 Water Use Permit renewal. Modifications have been made to
the HBMP throughout its history, and study elements have been added and deleted in order to
enhance the overall knowledge base of the lower Peace River/upper Charlotte Harbor estuarine
system. Major monitoring elements, such as water quality, aimed at assessing direct relationships
with variations in freshwater inflow have had the longest histories. Other program elements,
primarily those focused on assessing indirect biological indicators, have extended over a number
of years and then ended once a sufficient baseline level of information had been accumulated.
Chapter 1 describes the current and previous HBMP study elements.

Chapter 2.0 - Summaries of recent relevant reports

This chapter provides brief overviews of each of the major studies and reports related to the
Peace River watershed, lower Peace River and upper Charlotte Harbor that have been released
since those previously summarized in the 2002, 2006 and 2011 Peace River Comprehensive
Summary Reports. The primary focus of this chapter is to provide concise overviews of the
purpose and major conclusions of each of the reviewed studies.

Chapter 3.0 - Status and trends in regional rainfall, flows, and facility withdrawals

The purpose of this chapter is to provide updated graphical and statistical analyses of rainfall and
flows over multiple time scales. Recent and historical unusual occurrences (extended droughts
and/or unusually wet intervals) are documented and compared to the long-term average statistical
characteristics at each of the major tributary gaging locations in the Peace River watershed.
When the long-term rainfall data for the Peace River watershed are analyzed as annual totals, the
results clearly show both increased variations among the gages and greater indications of both
historical wetter and drier intervals. Total annual average Peace River watershed rainfall levels
were slightly higher from 1930 to the early 1960s when compared with the period since then.

Annual average wet-season (June-September) rainfall in the Peace River watershed was
generally higher during the 1930s through the mid-1960s when compared with the interval from
the late 1960s through the early 1990s. Since approximately 1994, there has been a notable
increase in wet-season rainfall, contrasted with marked declines in dry-season rainfall throughout
the Peace River watershed.
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Base flows in the upper portions of the watershed have shown marked declines that can be
directly linked to ground water withdrawals and historic reductions in ground water levels and
spring flows. Conversely, in a number of the southern Peace River watershed subbasins, base
flows in Peace River tributaries have been distinctly augmented by agricultural discharges.

Comparisons indicate that, other than during the warm/dry spring months when the Facility is
often not withdrawing water from the Peace River due to the 130 cfs low flow threshold, Facility
withdrawals had historically been fairly uniform throughout most of the year, differing primarily
between changes in the permits and differences in Facility capacities. Following the 2002 and
2009 major expansions, the annual pattern of withdrawals has begun to more closely follow a
seasonal cycle that follows the natural variability in flow. Low river flows have often resulted in
extended periods when the Facility is unable to withdraw water from the river. During both the
extended droughts of 1999-2001 and 2006-2011 intervals, the Facility did not withdraw water
from the lower Peace River for up to 200 days or more, and had to rely solely on stored reserves
to meet regional demands. Comparisons of the annual average hydrographs of total gaged flows
upstream of the Facility with and without withdrawals indicate very small seasonal differences
regardless of the time period tested. The magnitude of these differences is especially small given
the fairly large degree of natural variability in flow inherent both among years and over longer
decadal periods.

Chapter 4.0 - Salinity in the lower Peace River/upper Charlotte Harbor estuarine
system

This chapter provides overview and analyses of the spatial and temporal patterns and trends in
salinity in the lower Peace River/upper Charlotte Harbor estuarine system over the 1976-2016
interval of HBMP monitoring. The relationship between freshwater flows and salinity is
examined and statistical salinity models are developed for multiple locations along the HBMP
monitoring transect. These models are then used to assess the potential influence of withdrawals
on the Lower Peace River/Upper Charlotte Harbor estuarine system.

A strong, distinct spatial salinity gradient exists along the lower Peace River monitoring transect
with salinity levels much higher in the vicinity of the river mouth and typically near freshwater
levels just upstream of the Facility. The greatest inter-annual variability in salinity generally
occurs in the surface waters at the most downstream monitoring sites where seasonal differences
may reach 35 psu between extended periods of low and high freshwater inflow. However, even
bottom salinity levels in the area of the US 41 Bridge (RK 6.6) exhibit similar large inter-annual
variation. Statistical trend tests indicated statistically significant progressive increasing upstream
movements in the relative spatial distributions of isohaline locations along the HBMP monitoring
transect. Periods of extended drought since 1999, affecting rainfalls and river flows throughout
southwest Florida, as well as small changes in sea level that have occurred over the monitoring
period, may be reflected in these changes.

The relative locations of each of the four HBMP isohalines along the monitoring transect show
strong inverse relationships with freshwater inflows. The graphical and statistical analyses
indicate that the relative spatial locations of each of the isohalines initially move rapidly
downstream with increasing flows. However, over higher ranges of flows the relative slope of
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change becomes less as do the relationships between flow and isohaline location along the
monitoring transect. The observed relationships are confounded due to the importance of both
short and long-term preceding conditions, as well as the often increasing physical stratification of
the water column under conditions of higher flows.

There is a distinct inverse relationship between measured surface salinities and increases in
gaged flow up to 3000 cfs at the most downstream fixed sampling site, located near the river’s
mouth. However, similar relationships increasingly break down further upstream with increasing
flows as surface salinities along the HBMP lower river monitoring transect change from being
tidally brackish to always being characteristically freshwater under conditions of increasing
freshwater flows. Bottom salinities at the two most downstream monitoring sites show
relationships with flows up to about 1000 cfs after which the water column becomes highly
stratified and influences of further increases are highly reduced. Moving further upstream both
surface and bottom salinities show similar relationships with increasing flows.

A series of site-specific empirical models were developed using average hourly surface
conductivity, stage, and gaged freshwater inflow data gathered during the periods-of-record for
selected continuous recording locations. Overall, comparative plots of observed salinities with
those estimated by the empirical models indicate that the models slightly over-estimate salinities
at low observed salinity levels and correspondingly somewhat under-estimate at higher observed
salinity levels. However, over the typical range of salinities observed at each of the recorder
sites, the models provide a relatively good fit between observed and estimated values. The
models provide a fairly simple and straightforward method to analyze and estimate the potential
range and magnitude of potential salinity impacts of withdrawals along the lower river
downstream of the Facility over the wide range of observed natural temporal and spatial
fluctuations due to the combined influences of variations in upstream flows, tides and seasonal
wind patterns.

The empirical models developed for surface salinities for the selected recorder locations were
used to estimate salinities over the period 1998 through 2016 under two modeling alternatives:
“No Withdrawal” Scenario and “Actual Withdrawal” Scenario. Additionally, empirical models
were developed to estimate the relative spatial location of each of the four monthly monitored
HBMP isohaline locations along the HBMP monitoring transect using methodology similar to
that used to estimate salinity at the continuous recorder sites. The results emphasize the very high
degrees of long-term, annual, seasonal, and daily salinity variability naturally occurring
temporally and spatially along the lower river. These differences are especially notable when
comparing wetter intervals with extended periods characterized by lower flows. The modeled
results indicate that salinity changes (and movements of the isohalines) due to Facility
withdrawals have increased since the most recent expansion and change in the withdrawal
schedule. These increases remain relatively small when compared to the range of naturally
occurring daily, seasonal and longer term flow/tide related variation along the lower Peace River.
The results further indicate that, by design, the largest increases in salinity resulting from the
withdrawal schedule are focused into wetter periods, and occur in regions of the lower river that
naturally experience relatively large salinity fluctuations. The components of the withdrawal
schedule thus effectively reduce the relative potential influences of Facility withdrawals.
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Prior reports (PBS&J 2007, Atkins 2013) have identified anthropogenically related trends of
increasing specific conductance within a number of the major upstream watershed tributaries to
the lower Peace River. The observed changes in the lower portions of the Peace River watershed
over recent decades have been primarily associated with increasing land conversions from less to
more intense forms of agriculture, which increasingly relies on irrigation using higher
conductivity ground water pumped from the upper Floridan aquifer. Additional increases may
have occurred as a result of mining activities in the watershed. This chapter presents updates of
earlier evaluations of patterns and historical trends in specific conductance and associated water
quality characteristics measured at the Peace River at Arcadia gage, both the upstream Joshua
and Horse Creek tributaries, and at the fixed HBMP long-term monitoring site located at River
Kilometer (RK) 30.7 located immediately upstream of the Peace River Facility’s intake. These
updated analyses indicate qualitatively that increased specific conductance (and related
parameters) are still evident at the sites evaluated upstream of the Facility.

Chapter 5.0 - Patterns and trends of hydrobiological water quality indicators in
the lower Peace River/upper Charlotte Harbor estuarine system

This chapter provides overviews and analyses relative to both the patterns and trends of key
lower Peace River/upper Charlotte Harbor estuarine system water quality characteristics (other
than salinity/specific conductance) over the 1976-2016 interval of HBMP monitoring.
Additionally, the chapter evaluates the effects of flow on the identified water quality parameters.
It is important to note that concentrations of water quality constituents (such as nutrients) are not
affected by freshwater withdrawals. However, the loads of such constituents decrease with
increasing freshwater withdrawals. Other factors, such as changes in land use patterns, are also
likely to affect changes in water quality. Analyses of period of record HBMP data have
illustrated key findings relevant to water quality parameters, other than salinity, in the lower
Peace River/upper Charlotte Harbor, and these are summarized below.

Dissolved oxygen levels in the lower Peace River estuarine system show distinct seasonal
patterns, with the lowest levels typically occurring during the summer wet-season. Measured
levels are generally higher during cooler months, due to lower water temperatures (that increase
the ability of the water to hold more dissolved gases) and seasonally increasing wind stress and
mixing. Surface dissolved oxygen concentrations along the monitoring transect initially increase
slightly under increasing low to moderate levels of flow. However, above some level, further
increases in flow tend to progressively depress ambient surface dissolved oxygen levels at each
of the fixed locations along the HBMP monitoring transect. The relationship between surface
dissolved oxygen concentrations and flow is confounded by the combined influences of seasonal
changes in water temperature and salinity. Bottom dissolved oxygen levels at the more
downstream sites decline with increasing flow in response to progressive density stratification of
the water column. At the more upstream locations, the responses of both surface and bottom
dissolved oxygen concentrations are similar to increasing seasonal flows.

Phytoplankton levels (as measured by chlorophyll a) in the Peace River and Charlotte Harbor
during periods of low to moderate freshwater flow are limited by the availability of inorganic
nitrogen. However, as flows increase, water color levels correspondingly increase and
phytoplankton production becomes increasingly limited by the ability of light to penetrate the
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water column. Spatially, the highest chlorophyll a levels occur within the two intermediate
salinity zones. The statistical trend procedures suggest chlorophyll a phytoplankton levels
increased within the 20 psu isohaline over the examined time interval. Higher chlorophyll a
levels are a reflection of the corresponding observed significant higher color levels (that can
serve as a proxy for nutrient loadings), and summer wet-season flows that have, on average,
characterized portions of proposed warmer AMO phase since 1995.

Ambient inorganic nitrogen concentrations are typically at or near detection limits in the highest
salinity reaches of the estuary throughout most of the spring and summer when light levels are
high and phytoplankton production is greatest. Concentrations are conversely greater during the
fall and winter months. Overall, ambient inorganic nitrogen levels progressively increase moving
upstream from high to low salinities. The relationships between dissolved inorganic nitrogen
concentration and rates of freshwater inflow are complex. As flows gradually increase following
the typical spring dry-season, increasing nitrogen loadings stimulate estuarine phytoplankton
production and ambient inorganic nitrogen levels often remain near or at detection limits
throughout much of the lower Peace River estuarine system. However, as flows increase further,
upstream phytoplankton primary production become color-, rather than nitrogen-, limited and
inorganic nitrogen levels rapidly rise with increasing flows. A third condition then occurs at the
upstream HBMP sampling locations as both water color and nutrient levels start to decline with
further increases in flow. Such changes again reflect seasonal changes in the water quality
characteristic of sheet flow to the watershed’s major tributaries following longer (and/or higher)
amounts of rainfall.

Like inorganic nitrogen, total Kjeldahl nitrogen (TKN) shows distinct seasonal and spatial
patterns along the HBMP monitoring transect. Concentrations are typically lower in the more
saline waters of the downstream stations, and are also more elevated during the summer wet-
season than during the dry-season. The applied statistical trend procedures did not indicate that
TKN levels have systematically increased or decreased over the monitoring interval. Large
degrees of variation often occur at a given flow depending on the history of flows over both the
immediate and longer-term preceding periods. TKN concentrations within the lower Peace
River/upper Charlotte Harbor Estuary generally show spatial increases moving upstream, as well
as increasing levels under higher freshwater inflows. Several stations exhibited statistically
significant, positive correlations of TKN with 7-day average flow.

The lower Peace River/upper Charlotte Harbor estuarine system is naturally high in phosphorus
due to the extensive natural phosphate deposits in a number of the major upstream watershed
basins. However, a longitudinal gradient, with lower values in more saline waters is observed in
the HBMP data. Measured phosphorus levels in the estuary have declined by as much as an order
of magnitude since the early 1980s due to changes in upstream mining practices. Phosphorus
concentrations generally reflect both the spatial and temporal variation in Peace River freshwater
inputs. The highest phosphorus concentrations are typically associated with seasonal lower river
flow, when the influences of ground water are more pronounced. Large degrees of variation
often occur at a given flow depending on the history of flows over both the immediate and
longer-term preceding periods. Concentrations progressively increase upstream towards the
freshwater source, and initially rise in response to higher levels of freshwater inflow. However,
as freshwater flows increase further and surface water runoff begins to provide an ever greater
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percentage of total river flow, the actual concentration of ortho-phosphorus (which is usually
more than ninety percent total phosphorus) declines.

Silica concentrations exhibit a longitudinal gradient in the lower Peace River, with typically
higher levels farther upstream than near the mouth of the river. Seasonally, as freshwater
inflows become greater, ambient reactive silica concentrations are shown to both increase and
move further downstream into the upper Harbor. Ambient concentrations initially rapidly rise
throughout the lower river/upper harbor estuarine system as freshwater inflows increase.
Following this marked initial rise however, silica concentrations then remain relatively similar as
flows further increase. Silica concentrations have and continue to dramatically increase along the
entire length of the lower Peace River monitoring transect. As with the observed increase in
phosphorus levels, upstream data collected by the Authority showed very high silica
concentrations in discharge waters associated with the Ft. Meade phosphogypsum stack system
closure in the Whidden Creek subbasin. However, while phosphorus levels in the lower
river/upper harbor appear to have again declined to more normal levels, silica levels continue to
remain high.

Water color exhibits a longitudinal gradient in the lower Peace River, with typically higher levels
farther upstream than near the mouth of the river. However, very high water levels can extend
well into the harbor during extended periods of high flows such as was observed following
Hurricane Charlie. Under low Peace River flows, much of the water coming from the watershed
originates from sources having low color levels, such as surficial base flows and discharges of
deeper aquifer waters associated with agricultural pumping. As flows increase, typical southwest
Florida “blackwater” river inflows are a major influence on the lower Peace River/upper
Charlotte Harbor estuarine system. Levels of water color at the downstream fixed monitoring
sites show steady increases in color levels under ever higher rates of freshwater inflow. Although
a number of extensive droughts have characterized much of the more recent historical period, the
data also suggest a number of wetter than usual summer wet-seasons have also occurred. The
applied statistical trend test procedures indicate that these increases in wet-season flows have
resulted in statistically significant increases in average annual ambient water color within
estuary.

Chapter 6.0 - Regulatory influences on water withdrawals from the lower Peace
River

This chapter provides a summary of the history of the Lower Peace River Minimum Flow and
Level (MFL), its relevancy to Authority operations, and its current status. Additionally, the
chapter provides a summary of the history of the Facility and the Authority’s water use permit.
Finally, the chapter identifies water quality impairments in the Peace River watershed and any
associated management responses to such impairments.

The capability of the Peace River Manasota Regional Water Supply Authority to withdraw and
utilize water from the Lower Peace River is controlled by many factors. Primarily, the limits of
its capabilities are controlled by the water use permit granted by the District to the Authority.
However, such limits in the water use permit are made in accordance with Minimum Flows and
Levels also established by the District. A revised withdrawal schedule based on the District’s
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adopted MFL was issued by the District to the Authority on April 26, 2011, and was
implemented the following day. While the District’s adopted MFL allows seasonal maximum
withdrawals of 16%, (Block 1), 29% (Block 2) and 38 % (Block 3), the Authority requested and
received maximum withdrawals of 16% (Block 1) and 28% (Blocks 2 and 3) in the permitted
diversion schedule. Daily Facility withdrawals had previously been based on the preceding daily
average flow measured at only the USGS Arcadia gage. The new District permitted withdrawal
schedule instead utilizes the previous day’s combined flow based on the readings from three
gages upstream of the Facility located on the Peace River at Arcadia (USGS 02297310), Horse
Creek (USGS 02297310), and Joshua Creek (USGS 02297100). The low flow cutoff for Facility
withdrawals is 130 cfs as measured as the combined flow of the three upstream gages.

April 2011 Revised Authority Lower Peace River Withdrawal Schedule
(based on combined USGS gaged flow at three upstream gages)

Block Allowable Percent Reduction in Flow
Block 1 (April 20™ — June 25™) 16% if flow is above 130 cfs
Block 2 (October 27" — April 19™) 16% if flow is > 130 cfs 28% if flow > 625 cfs
Block 3 (June 26" — October 26™) 16% if flow is > 130 cfs 28% if flow > 625 cfs

In addition to MFL and water use permit allowance, the ability of the Authority to withdraw and
treat water from the Lower Peace River can be affected by the temporary changes in quality of
the water in the vicinity of the withdrawal point, availability of off stream storage capacity and
routine maintenance.

Chapter 7.0 - Water demand and supply

This chapter provides a synopsis of demand (historical and projected) in the region receiving
water from the Peace River, and the related withdrawals from the Peace River. Additionally, this
chapter includes a summary of major Facility expansions and capabilities, as well as the
Authority’s Master Water Supply Plan and identified alternative sources.

In order to meet future projected increases in regional demands, the Peace River Facility has
undergone several expansions to enhance its potential ability to meet those projected future
needs. These include 6.625 billion gallon off-stream surface reservoirs, as well as a system of 21
aquifer storage/recovery (ASR) wells.

Total supply capacity available from the Authority and its five Customers (Charlotte, DeSoto,
Manatee and Sarasota, Counties and the City of North Port) is 102 mgd. This capacity is
expected to increase to nearly 107 mgd in 2024 with the development of two wellfields in
Manatee County and the City of North Port (Atkins et al 2015). The Authority supplies a
significant portion of this capacity. While currently supply exceeds demand, regional water
demand is projected to grow resulting in a need for new supply development. The 2015
Regional Water Supply Plan (Atkins et al 2015) projects that an additional 25 mgd of average
annual permitted finished water capacity will need to be developed by the Authority and/or its
Customers within the region by 2035. Multiple potential sources of supply were evaluated in the
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2015 Regional Water Supply Plan and include brackish wellfields, Peace River Facility surface
water system expansion, and Cow Pen Slough surface water facility and expansion.

Chapter 8.0 - Assessing environmental change

This chapter directs the reader to prior Comprehensive Summary Reports that have detailed the
regulatory basis of review, the rationale for defining significant environmental change, and the
hierarchy of management actions proposed under the HBMP to be implemented in response to
detected changes that could forewarn of potential future adverse environmental impacts of
sufficient magnitude that they would constitute an “adverse change”. Such management actions
include data QA/QC audits, comparison of data correlates, redirected sampling efforts, District
Governing Board hearings, and remediation. Additionally, the District may, at its discretion,
convene a meeting of the HBMP Scientific Review Panel to evaluate detected changes or
determine the appropriate regulatory course of action.

Chapter 9.0 - Monitoring program design and modifications to the existing long-
term HBMP elements

Based on the overall findings and conclusions presented in this report, the final chapter extends
the discussions in previous Summary Reports relative to the potential need for future changes to
existing HBMP study elements. The combined elements of the program’s design need to meet
the specific expectations and objectives set forth in the permit as well as provide sufficient long-
term information on which to base the development of answers to potential future questions that
might be expected to arise. In order to effectively meet these goals and objectives, the integrated
design of HBMP elements should incorporate the following criteria.

. The program needs to identify appropriate physical and biological indicators, and specific
mechanisms of action, potentially subject to significant changes resulting from permitted
freshwater withdrawals from the lower Peace River/upper Charlotte Harbor estuarine
system.

o The program should determine and predominantly focus its efforts in those geographical
regions of the lower river where naturally occurring and Facility induced changes in river
flow would be expected to result in the greatest potential for observed changes in
identified key estuarine characteristics.

. The design of the HBMP monitoring element should include sufficient spatial and
temporal intensity to assure detection of measurable changes in selected
physical/chemical/biological parameters resulting from changes in freshwater inflows.

It is important that each HBMP study element, as well as the overall program, have specific
clearly stated goals and objectives to effectively meet the design criteria needed to accomplish
the monitoring program’s multiple expectations. These goals and objectives need to clearly
establish the scientific basis needed to provide sufficient information to meet the District’s
criteria for required reasonable assurance, as well as provide meaningful information to both the
public and the members of the HBMP Scientific Review Panel. The HBMP design elements
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further need to be sufficiently flexible to allow incorporation of modifications when and where
changes in conditions, or new gathered information, suggest the need for specific monitoring
program changes.

The HBMP monitoring design needs to be primarily focused on identifying and incorporating
those critical indicators known to exhibit marked direct responses to variations in freshwater
inflow, since it is these parameter measurements that present the greatest probability of both
detecting and assessing the principle underlying causative factor(s) to observed environmental
changes.

Since the initiation of HBMP monitoring in 1976, the program has incorporated a number of
differing physical, chemical, and biological study elements. Modifications have been made to the
elements of the HBMP throughout its history. Historically, those major monitoring elements
aimed at assessing direct relationships with variations in freshwater inflow have had the longest
histories. Other program elements, primarily those focused on assessing indirect biological
indicators, have extended over a number of years and then ended once a sufficient baseline basis
of information had been accumulated.

Results from both the “fixed” and “moving” HBMP study elements have indicated the presence
of a distinct, seasonally-variable chlorophyll a maxima along the lower Peace River/upper
Charlotte Harbor monitoring transect. Inclusion of a new HBMP study element employing in situ
fluorometric methodology to measure chlorophyll a was expected to provide the fine-grained
spatial information needed to accurately define on a monthly basis both the magnitude and
spatial extent of variations in chlorophyll a patterns within the lower Peace River/upper
Charlotte Harbor Estuary. Accurate spatial determinations of the relative intensity and location
of monthly chlorophyll a maxima patterns would provide additional information regarding the
known seasonal interactions between changes in freshwater flow (relative to additions of both
nutrients and color) and the seasonal movement of important estuarine zones of primary (and
secondary) production. Based on previous discussions and Scientific Review Panel
recommendations, such a monitoring element was added to the HBMP during 2013. Now that
several years of data have been collected, it is recommended that an analysis of the utility of this
HBMP study element, and recommendations for its future continuance, be made. Should the
assessment indicate this HBMP element be continued, then continued assessment and reporting
should be done at specific intervals as part of future major summary monitoring program reports.
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1.0 Introduction

The primary objective of this introductory chapter is to provide a historic overview of the Peace
River Facility’s history, Southwest Florida Water Management District (District) permitted
withdrawal schedules and past and present (ongoing) Hydrobiological Monitoring Program
(HBMP) study elements. These monitoring elements have been associated and specified within
the “specific conditions” sections of each of the Facility’s ongoing series of issued District Water
Use Permits. This introduction further summarizes and provides an overview of the 2016 HBMP
Comprehensive Summary Report’s general organization and overall primary objectives.

1.1 Overview of the Peace River Facility’s History and Permits

In the early 1970s, General Development Utilities (GDU) actively began searching for a major
regional water supply that would support the projected population growth for a number of large
communities in southwest Florida under construction or planned by its parent company, General
Development Corporation (GDC). Projected population estimates at the time suggested that the
number of new residents in these planned communities might well exceed a quarter of a million
by the year 2020. The primary goal of GDU was to establish a reliable and expandable source of
potable water to supply this projected future population growth. After reviewing a number of
potential alternative sources, it was determined that the site of the current Peace River Facility in
DeSoto County along the predominantly freshwater reach of the tidal lower Peace River
provided the greatest opportunity for a sustainable, reliable water supply for the planned future
population growth within the three (Charlotte, Sarasota, and DeSoto) county areas within which
GDC communities were being constructed or planned for development.

General Development Corporation determined that an assessment study was needed to evaluate
the feasibility of locating a regional water supply system on the Peace River in Desoto County
near State Road No. 761. Staff from the Rosenstiel School of Marine and Atmospheric Science
at University of Miami were contracted to assess the potential environmental impacts to the
lower Peace River and upper Charlotte Harbor of projected future freshwater withdrawals.

The information on biological communities and salinity/flow relationships developed during
these initial field investigations by University of Miami staff were based on data collected
between 1973 and 1974 (Michel et al. 1975). During this period, Peace River flows (measured at
the Arcadia gage) ranged from a low of 62 cubic feet per second (cfs) to more than 10,000 cfs.
Fortuitously, the relationships between salinity and flow developed during this relatively short
period of study, and subsequently used in calibrating the initial numerical models during this
work, were characteristic of much of the normal range of variation in flows that have
subsequently occurred during both extended wet and dry periods.

A series of numerical models were developed to predict changes in salinity at sites extending
from near the mouth of the river upstream to the planned future location of the Peace River
Facility. Changes in salinities were modeled under worst-case conditions assuming freshwater
withdrawals during naturally occurring periods of low river flow. The report (Michel et al.
1975) concluded that “under these conditions of flow and withdrawal, biological data indicated
that such slight salinity increases, above the naturally occurring values of low flow periods,
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Chapter 1 - Introduction

should add little additional stress on the plants and animals of the study area.” This conclusion
was based on what was found to be the highly dynamic natural seasonal changes in salinity
within portions of the lower Peace River due to difference in flows during wet and dry periods.
The final report also strongly recommended that an extensive monitoring program be
implemented to assess the validity of the predicted results.

On December 10, 1975, the Consumptive Use Permit #7500016 for the Peace River Regional
Water Supply Facility was signed between General Development Utilities, Inc. and the
Southwest Florida Water Management District. Specific conditions of the District's initial and
subsequent Consumptive Use Permits for the Peace River Facility have set forth requirements for
the implementation of a comprehensive HBMP. The District's continuing expressed purpose in
mandating this requirement has been to ensure the continuing development of sufficient long-
term data needed to establish and assess the responses of various physical, chemical and
biological characteristics of the Charlotte Harbor Estuary to seasonal, long-term, and withdrawal
related changes in Peace River flow. The long-term HBMP study elements have specifically
been designed to evaluate the consequences and significance of natural changes in salinity, water
quality and biological characteristics inherently associated with seasonal variations in freshwater
input. In particular, a number of monitoring program elements have sought to establish the
effects of natural long-term variations in river flow on the overall health of aquatic fauna and
flora communities in the lower Peace River and upper Charlotte Harbor. Once having established
the influences of natural variations, a corollary goal of the long-term monitoring program has
been to determine if freshwater withdrawals by the Peace River Facility can be shown to have
measurable impacts or result in quantifiable alterations of the biological communities of the
lower Peace River/upper Charlotte Harbor Estuary. A history of the HBMP and descriptions of
its major historic study elements are described below.

Construction of the Peace River Facility was completed and withdrawals began in the spring of
1980. As part of the initial construction, a relatively small off-stream surface water reservoir was
constructed, and soon thereafter construction began on a series of underground Aquifer Storage
Recovery (ASR) wells. Adequate storage was identified early in the initial evaluation and
planning for the Peace River Facility as an important component in assuring a reliable source of
water given the degree of natural variability in river flows. Unlike many other water treatment
facilities that utilize surface water, there is no in-stream barrier in the Peace River to impound
water during the typically dry winter and spring months. The District mandated as an initial
permit condition that no withdrawals could be made below certain river flow levels. As a result
the Peace River Facility has always relied on off-stream storage to maintain water supplies
during the dry season and/or drought conditions.

The first permit renewal occurred in 1982. At that time, actual Facility withdrawals had only
begun in early 1980, and therefore only a limited number of minor changes were made to the
initial HBMP monitoring design. By the second permit renewal in 1988, over a decade of data
had been collected as part of the ongoing HBMP studies, and the findings from these data were
assessed to make significant modifications to both the monitoring efforts and withdrawal
schedule (a summary of the history of the Facility’s District Water Use permits is presented in
Table 1.1 below).
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Prior to 1988, the regulatory limit for maximum daily withdrawals from the Peace River was 22
mgd (34.0 cfs), which could be withdrawn as long as the measured stream flow at the Arcadia
gage was above the regulatory minimum flows that had been established for each month of the
year. These calculated individual minimum monthly flows were initially based on a general
formula that had been established under the District’s first “Water Use Rules” adopted in 1975.
This formula used records of the previous twenty years of stream flow to establish a separate
minimum flow for each calendar month. The monthly minimum flows for the Peace River used
to establish the freshwater withdrawal schedule prior to 1988 ranged from 100 cfs in April and
May, up to 664 cfs in September during the summer wet season. As a result, during low flow
periods in the spring, maximum daily withdrawals of 34 cfs could reduce flows (as measured at
the USGS Peace River at Arcadia gage) by as much as 25 percent on some days. Conversely,
during September, no water could be taken from the river until flows exceeded 664 cfs.

When the permit was renewed in 1988, General Development Utility’s consulting scientists and
the District agreed that the existing withdrawal schedule caused the Peace River Facility to rely
too heavily on periods of low to moderate flows. It was agreed that site-specific information
should be used to establish regulatory minimum flows and daily withdrawal limits from the
Peace River. Using the long-term data collected under the HBMP, statistical models were
developed to analyze the location of the freshwater/saltwater boundary as a function of flow, and
predicted salinity changes that might result from permitted withdrawals.

Based on these analyses, the District and GDU agreed that the withdrawal schedule should be
modified. A minimum criterion was established with no withdrawals when flows at Arcadia were
below 100 cfs during the three typically dry spring months (March through May) and 130 cfs
during the remainder of the year. Beyond that, withdrawals could equal up to 10 percent of the
daily measured gaged flow at Arcadia, up to a maximum not to exceed 22.0 mgd (34 cfs) as long
as daily withdrawals did not reduce river flows below the minimum flow cut off. This schedule
allowed withdrawals to more closely follow the natural variability of rainfall and flow.

In 1990 General Develop Utilities parent company GDC filed for bankruptcy protection.
Charlotte County took control of GDU facilities within Charlotte County, and ownership of the
Peace River Regional Water Supply Facility was transferred to the newly formed Peace River
Manasota Regional Water Supply Authority in mid-1991. The Authority was formed and
functions through inter-local agreements made among Charlotte, Desoto, Manatee, and Sarasota
counties in 1984. As owners of the Peace River Facility, the Authority soon began making plans
for expansion of the treatment facilities to both increase reliability and provide additional water
to the region beyond that originally envisioned by GDU. A further goal of the Authority has been
to develop a series of interconnections among the member county’s water supplies to reduce
potential effects of natural disasters and other interruptions in supply and allow improved
regional management of water sources. In 2002, the Authority completed a major expansion of
the Peace River Facility and its interconnection with the Carlton Water Treatment Facility in
Sarasota County as the first step toward this long-term goal.

A twenty-year renewal of the Facility’s Water Use Permit (No. 20010420.0004) was issued by
the District to the Authority in March 1996 (Table 1.1). The permit contained specific conditions
for the continuation and enhancement of specific study elements for the ongoing lower Peace

Peace River/Manasota Regional 1-3 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 1 - Introduction

River/upper Charlotte Harbor Estuary HBMP and established a series of maximum withdrawal
quantities. This permit increased the minimum flows measured at the upstream Arcadia gage,
under which no withdrawal could occur, to 130 cfs during all months of the year. Beyond that,

Table 1.1
Summary of Previous Facility Permits
Year December March May October March

1975 1979 1982 1988 1996
Water Use Permit Number 27500016 27602923 202923 2010420 2010420.02
Average Permitted River Withdrawal (mgd) 5.0 5.0 8.2 10.7 32.7
Maximum Permitted River Withdrawal (mgd) 12 & 18 12 & 18 22 22 90
Diversion Schedule Low Flow Cut off (cfs) 91 - 664 * 91 - 664 * 100-664 * | 100 & 130 ** 130 **
Maximum Percent Withdrawal of River Flow 5 5 n/a 10 10

* Withdrawals based on historic monthly averages
** Withdrawals are based on percent of actual daily flow from the preceding daily flow at the USGS at Arcadia gage

withdrawals were still not to exceed ten percent of the preceding day average daily Peace River
at Arcadia gaged flow. This permit encouraged the Authority to withdraw, treat and store more
river water under high flows while limiting withdrawals to ten percent, and not exceeding the
daily pumpage of 90 mgd (139 cfs).

These initial series of District permitted withdrawal schedules for the Peace River Facility were
all far more conservative and well below the “safe” levels originally proposed by the University
of Miami Study in the late 1970s. The magnitude of the predicted and observed changes in
salinity and isohalines due to Facility freshwater withdrawals have indicated (the previous
HBMP Comprehensive Summary Reports in 2002 and 2006, as well as the 2007 HBMP Low
Flow Pump Test) that the predicted influences of freshwater withdrawals under the Facility’s
1996 withdrawal schedule typically impacts the daily average salinity along the lower river in the
range of 0.1-0.3 ppt. These modeling efforts suggested that any Facility salinity impacts probably
could not easily be detected, other than by using continuous recorders, given the normal
distributions and daily tidal ranges of salinity along the lower Peace River/upper Charlotte
Harbor HBMP monitoring transect. Given the far greater natural daily and seasonal ranges of
salinity variation in the lower Peace River/upper Charlotte Harbor estuary and the lack of
information regarding the potential consequences of such small salinity changes on tidal
estuarine processes, the ecological consequences of these small but predictable changes have
been exceptionally difficult to evaluate and predict. Thus, while withdrawals have resulted in
predictable changes in salinity, the normal daily and seasonal variability in estuarine salinity
distributions indicate that the changes due to Facility withdrawals have not appeared to be of a
magnitude likely to be easily measured directly. This suggests that evaluating and predicting the
effects of withdrawals on the salinity distributions within the lower Peace River/upper Charlotte
Harbor estuarine system might ultimately best be accomplished using hydrographic and
statistical modeling approaches in assessing, comparing and quantifying the potential for
significant adverse harm to the mechanisms by which Facility withdrawals might lead to
significant adverse impacts.
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Due to extended drought conditions during 2006 and concern about the upcoming 2007 dry
season (Figure 1.1), the Authority asked and received permission from the District in December
2006 to reduce the low flow Peace River at Arcadia withdrawal threshold from 130 cfs to 90 cfs
until the end of the drought while still using the 1996 permit’s 10 percent criteria. However, due
to the unexpected historic low Peace River flows during the summer of 2007, the District issued
an additional series of Executive Orders that temporarily modified the Authority’s Peace River
Facility withdrawal schedule (Table 1.2). The series of District Executive Orders issued by the
District in response to the severity of the extended drought modified the withdrawal schedule to
include withdrawals based on the total gaged flows upstream of the Facility (Peace River at
Arcadia, plus Horse Creek near Arcadia and Joshua Creek near Nocatee). These executive orders
also modified the low flow threshold, and increased the allowable percent withdrawals all based
on the District’s initial draft proposed Lower Peace River Minimum Flow and Level (MFL).
The relative recent historic contributions of the USGS gaged freshwater sources to the lower
Peace River, both upstream of the Facility and at the U.S. 41 Bridge (which further includes
flows from Shell Creek) are presented in Table 1.3.
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Figure 1.1 Annual monthly mean Peace River at Arcadia, plus Horse and Joshua Creeks gaged flows (with
upper and lower 95% confidence intervals) between 1976 and 2016. The figure indicates that while total
gaged flows upstream of the Facility since 1994 have been on average slightly higher (133 cfs) than during the
previous 18 years of HBMP monitoring, much of the more recent period has been characterized by lower
flows over extended periods.
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The series of District Executive Orders were initially based on the draft criteria presented in the
District’s proposed MFL for the lower Peace River (Table 1.4). The District’s initial draft MFL
for the lower Peace River proposed that during seasonal Block 2 (October 27 to April 19) the
maximum permitted Facility withdrawals should be 14 percent of all flows between 90 and 330
cfs based on the combined gaged flows upstream of the Facility. Maximum withdrawals could
then increase to 21 percent of the combined gaged flows above the long-term historic median
flow of 330 cfs during the Block 2 time interval.

Table 1.2
Modifications to the Normal 1996 Permitted Withdrawal Schedule

Event Effective Dates Lany IHE Gages Used Percent Withdrawal
Threshold
TenvvaL(J)Fr)ary 12/1/06 to 8/12/07 90 cfs Peace River at Arcadia 10%
Executive | g13/07108/20/07 | 130cfs | |"'e€ gages upstream of the 12%
Order Facility
Executllle 8/30/07 — 10/31/07 90 cfs Three gages upstream of the 12%
Order Facility
Executive Three gages upstream of the 14% to 330 cfs
11/1/07 — 4/19/08 90 cfs -
Order* Facility 21% above 330 cfs
Executive Three gages upstream of the 10% to 221 cfs
Order* 4/20/08 - 6/25/08 90 cfs Facility 26% above 221 cfs
Executive 3 Three gages upstream of the 12% to 1370 cfs
Order* 6/26/08 — 10/26/08 90 cfs Facility 15% above 1370 cfs
4/20-6/25
10% to 221 cfs
26% above 221 cfs
) h  th 6/26-10/26
Executive 10/23/08 -7/15/09 90 cfs Three gages upstream of the 12% to 1370 cfs
Order* Facility
15% abovel370 cfs
10/27-4/19
14% to 330 cfs
15% above 330 cfs
Executive 7/16/09 — March . . .
Order* 2010 Same as above but increases maximum withdrawal from 90 to 120 mgd
4/30/10 — Executive Orders ended and withdrawals returned to the original permit conditions
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Table 1.2
Modifications to the Normal 1996 Permitted Withdrawal Schedule

Event Effective Dates Lany IHE Gages Used Percent Withdrawal
Threshold
Block |
Apr 20" Jun 25" -
16%
Revised Permit BtlhOCK . *
Withdrawal Oct 27" — Apr 19
Schedule 4/27/11 - Present 130 cfs Three gages upstream of the Facility | 16% if flow < 625 cfs
Based on 28% if flow > 625 cfs
Adopted MFL
Block Il
Jun 26" — Oct 26th
16% if flow < 625 cfs
28% if flow > 625 cfs

* Note 1: The temp WUP was extended each month by the governing board until the first Executive Order was approved
** Note 2: Variable percent withdrawal based on District proposed MFL criteria

Table 1.3
Comparisons of Relative Contributions of Gaged Flows
Over Recent Historic 1976-2016 Period

Percent of Total_ _Gaged o i Percent of Total Gaged Flow at U.S. 41 Bridge
Time Facility
Period Peace at Horse Joshua Peace at Horse Joshua Shell
Arcadia Creek Creek Arcadia Creek Creek Creek
1976-2016 75.6 15.1 9.4 57.9 11.5 7.2 23.4

In April 2010 after evaluating comments received on the initial draft report covering both the
lower Peace River and Shell Creek MFLs, the District revised its initial draft proposed MFL’s by
modifying the maximum withdrawals allowable. The District’s revised MFL for the lower Peace
River eliminated the criteria of adjusting withdrawals based on whether flows were above or
below the calculated seasonal mean. The District’s revised MFL’s instead added a 625 cfs upper
threshold prior to changing the allowable percent withdrawal to both Blocks Il and Ill, and
delayed determination of a final Shell Creek MFL. In August 2010 the District approved and
implemented the final MFL for the lower Peace River (Table 1.5).
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Table 1.4
Initial Daft District Proposed Lower Peace River MFL Schedule
(based on combined USGS gaged flow at three upstream gages)

Allowable Percent Reduction if
Mean Flow:
Block |
Flow Below the Above the
Median Median
Block 1 (April 20" — June 25™) 221 10 26
Block 2 (October 27" — April 19™) 330 14 21
Block 3 (June 26" — October 26™) 1370 12 15
Table 1.5

Final Adopted District Lower Peace River MFL Schedule
(based on combined USGS gaged flow at three upstream gages)

Block Allowable Percent Reduction in Flow
Block 1 (April 20™ — June 25™) 16%
Block 2 (October 27" — April 19™) 16% if flow < 625 cfs 29% if flow > 625 cfs
Block 3 (June 26" — October 26™) 16% if flow < 625 cfs 38% if flow > 625 cfs

The temporary modifications to the Facility’s 1996 Water Use Permit presented in Table 1.2
were in direct response to the severity of the 2006/2009 drought. These modifications were not
permanent changes to the Authority’s 1996 permitted 10 percent withdrawal of river flow based
solely on Peace River at Arcadia gaged flows. In 2009, the Authority completed construction of
the new 6 billion gallon reservoir, and expansion of maximum pumping capacity of the intake
structure on the Peace River. Following the District’s 2010 adoption of a final MFL for the
lower Peace River, based on the combined flows of the three gaged flows upstream of the
Facility (Table 1.5), the Authority requested a revised withdrawal schedule based on the
District’s adopted MFL. The Authority’s goal in making this application was to provide for
increased utilization of its recently increased off-stream storage capacity during higher river
flows, in order to improve system reliability for the same 32.7 mgd average day delivery of water
permitted in the Facilities 1996 District permit conditions.

A revised withdrawal schedule (Table 1.6) based on the District’s adopted MFL was issued by
the District to the Authority on April 26, 2011, and was implemented the following day. This
permit modification maintained the original 32.7 mgd yearly average withdrawal and the
maximum monthly allowed withdrawal average of 38.1mgd. The maximum daily diversions
from the river were increased from 90 mgd to 120 mgd, in order to allow greater flexibility with
the Authority’s recent Facility upgrades. While the District’s adopted MFL allows seasonal
maximum withdrawals of 16%, (Block 1), 29% (Block 2) and 38 % (Block 3), the Authority
requested and received maximum withdrawals of 16% (Block 1) and 28 % (Blocks 2 and 3) in
the permitted diversion schedule. Daily Facility withdrawals had previously been based on the
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preceding daily average flow measured at only the USGS Arcadia gage. The new District
permitted withdrawal schedule instead utilizes the previous day’s combined flow based on the
readings from three gages upstream of the Facility located on the Peace River at Arcadia (USGS
02297310), Horse Creek (USGS 02297310), and Joshua Creek (USGS 02297100). The low flow
cutoff for Facility withdrawals remained the same as previously permitted at 130 cfs, but was
also changed to reflect the combined flow of the three upstream gages.

Table 1.6
April 2011 Revised Authority Lower Peace River Withdrawal Schedule
(based on combined USGS gaged flow at three upstream gages)

Block Allowable Percent Reduction in Flow
Block 1 (April 20™ — June 25™) 16% if flow is above 130 cfs
Block 2 (October 27" — April 19™) 16% if flow is > 130 cfs 28% if flow > 625 cfs
Block 3 (June 26" — October 26™) 16% if flow is > 130 cfs 28% if flow > 625 cfs

Two additional modifications were made to the Facility’s water use permit in 2011. The first
occurred in October 2011 and made a small adjustment in the allowable annual average
withdrawal increasing it from 32.7 mgd, to 32.855mgd. This permit modification also increased
the allowable monthly maximum from 38.1 mgd to 38.3 mgd. The next permit modification
occurred in November 2011and didn’t change any of the permit conditions other than change
the expiration date of the current water use permit from 2016 to 2037, in order to conform to the
length of the Facility’s existing bonds and to conform to new District rules allowing longer term
water use permits.

Even with the District’s revision of the withdrawal schedule based on the established MFL for
the lower river, there continues to be a large number of days each year when the Peace River
Facility does not withdraw water from the river. During 2016, the Facility didn’t withdraw water
from the river 32 percent (114 days) of the time. Reasons for the Facility not withdrawing water
on a given day or time interval can be due to the following:

e The total USGS gaged stream flows upstream of the Facility being below the designated
low flow threshold of 130 CFS for freshwater withdrawals

e Poor water quality (conductivity, taste/odor)

e Facility maintenance

e Insufficient storage capacity (full existing storage system) even with the 2009 completion
of the new 6 billion gallon reservoir

Extensive analyses of long-term trends and changes in lower Peace River watershed flows and
Facility withdrawals are presented and summarized in Chapter 3.

Peace River/Manasota Regional 1-9 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 1 - Introduction

1.2 HBMP Study Elements and Studies

In 1976 the initial monitoring elements of the HBMP were designed in coordination with District
staff to provide answers to specific questions raised during the original permitting process.
These questions raised concerns regarding the potential for negative impacts associated with
salinity changes in the lower Peace River/upper Charlotte Harbor estuarine system, resulting
from Facility freshwater withdrawals. The HBMP has incorporated a wide variety of study
elements since its initial inception, with a number of significant modifications made to the
HBMP throughout its history. While the monitoring program’s overall level of effort has
remained relatively constant, study elements have been added and deleted in order to enhance the
overall knowledge base of the lower Peace River/upper Charlotte Harbor estuarine system.
Historically, those major monitoring elements aimed at assessing direct relationships with
variations in freshwater inflow have had the longest histories of monitoring. While other
program elements, such as those primarily focused on assessing indirect biological indicators,
have extended over a number of years and then ended once a sufficient baseline level of
information had been accumulated. A summary of the time-lines for each of the major historical
HBMP components is presented in Table 1.7.

Between 1976 and 1996, the staff of the Environmental Quality Laboratory, Inc. (EQL)
conducted all elements of the HBMP. Since the expansion of the permit requirements in 1996,
individual programs have been divided during different periods among a number of research
team members, including:

e U.S. Geological Survey

e ASCI Laboratory (formerly EQL)

e Benchmark Laboratory

e EarthBalance (formerly Florida Environmental)

e Atkins (formerly PBS&J)

e University of South Florida (Dr. Ernst Peebles)

e Mote Marine Laboratory (Dr. Ernie Estevez and Jim Culter)

The HBMP was never conceived to be a rigid monitoring program. Rather it has historically
incorporated a flexible study design (adaptive management) that could be periodically
restructured based on updated findings and identified research needs. When the first discussion
began with District staff in 1975 about what might be included within the initial monitoring
effort, very little was known about either salinity/flow relationships, or the spatial/temporal
distributions of other physical/chemical water quality parameters in the lower Peace River/upper
Charlotte Harbor Estuary. Even less was known about the biological communities that studies in
other estuarine systems had indicated could potentially be negatively affected by substantial
freshwater diversions. Much of the beginning effort under the initial HBMP study design was
therefore directed toward developing sufficient data to statistically describe the spatial
distribution and temporal seasonal variability among selected physical and chemical indicators
within this estuarine system. The ultimate goal was to identify potential relationships of these
selected indicators with natural seasonally occurring variation in freshwater inflows. The initial
HBMP investigations included the collection of monthly in situ water column profile
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characteristics, and surface and near-bottom water chemistry at a wide variety of sites located
from upstream of the Facility to near Boca Grande Pass.

In addition, initial attempts were begun to determine if key indicator species or biological
communities could be identified to further assess responses to natural variations in freshwater
inflows. Determining the presence of such long-term relationships was thought to be especially
important since, with only a small percentage of total flow being initially diverted, the direct
effects of Facility withdrawals were projected to be extremely small in comparison to natural
variation. The original HBMP elements included a number of biological studies listed below:

e Aninitial long-term study of the seasonal pattern of juvenile fishes in the upper harbor;
e Studies of benthic indicator species;

e An investigation of the seasonal distribution of Luidia clathrata (common names include
grey, slender or stripped sea star) in upper Charlotte Harbor and up into the lower Peace
River (approximately to just downstream of the current I-75 Bridge crossing);

e A long-term vegetation study of first and last occurrence of selected freshwater and
saltwater indicator plant taxa along the lower Peace River, and

e Periodic aerial photographic documentation of potential changes in the spatial
distribution of major riparian vegetation patterns along the banks of the lower river.

Analysis of data from pre- and post-water treatment plant operation, presented in the August
1982 Summary Report, indicated the need to revise the monitoring program to better evaluate
changes in the Charlotte Harbor system due to both natural seasonal and longer-term variations
in freshwater inflows, given the relative magnitude and timing of changes due to Facility
withdrawals. Further modifications and refinements to the HBMP were further made in 1985 and
again in conjunction with the renewal of the Water Use Permit in November 1988.

In the 1980s, studies of zooplankton and phytoplankton community structure and primary
production were added to the HBMP. These studies were again not intended to directly evaluate
the influences of withdrawals, but rather were designed to address issues related to the “health of
the estuary” and the influences of naturally occurring extended periods of drought and flood
conditions on key initial components of the estuarine food-chain. The short-term benthic
invertebrate study and the fish nursery investigation conducted in the late 1990s were again not
designed to measure the influences of withdrawal directly, but rather were intended to investigate
the spatial responses of biological communities to natural variations in freshwater inflows.

As a result of findings from these studies, presented in the both the 1993 and 1995 Summary
HBMP Reports, as well as additional specific analyses requested by District staff during the
permit renewal process, an expanded HBMP was approved by the District in March 1996 as part
of the District’s issuance of a 20 year Water Use Permit for the Peace River Facility. An explicit
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element of the 1996 HBMP modification was the development of standardized station
descriptors to be applied across all program elements. As part of a required morphometric study,
the “mouth” of the Peace River was defined using U.S. Geological Survey (USGS) standardized
protocols as an imaginary line extending from Punta Gorda Point to Hog Island. Since the
morphometric study, all new and previous on-going study element monitoring locations have
been cross-referenced to this “River Kilometer” identification system. Figure 1.2 and Table 1.8
provide a summary of the locations of all of the ongoing long-term fixed study elements and a
cross-reference to previous station identifications.

As defined by the District 1996 Water Use Permit conditions, the primary focus and overall
objective of the HBMP is to assess the following key issues:

¢ Monitor river withdrawals from the Peace River by the Facility and evaluate gaged
tributary flows from Joshua, Horse and Shell Creeks, as well as the primary Peace River
flows measured at Arcadia and direct rainfall to the lower Peace River;

e Evaluate relationships between the ecology of the lower Peace River/upper Charlotte
Harbor Estuary and freshwater inflows;

e Monitor selected water quality and biological variables to determine whether the
ecological characteristics of the estuary related to freshwater inflows are changing over
time;

e Determine the relative degree and magnitude of effects of Peace River withdrawals by
the Facility on ecological changes that may be observed in the lower Peace River/upper
Charlotte Harbor estuarine system;

e Evaluate whether consumptive freshwater withdrawals significantly contribute to any
adverse ecological impacts to the estuary resulting from extended periods of low
freshwater inflows; and

e Evaluate whether the withdrawals have had any significant effects on the ecology of the
estuary, based on related information such as nutrient loadings, fish abundance, or
seagrass distribution data collected by other studies conducted by the District or other
parties.

1.2.1 Scientific Review Panel

A Peace River HBMP Scientific Review Panel (Panel) was implemented in conjunction with the
1996 Water Use Permit renewal. The Panel’s primary objective was to provide guidance and
recommendations to both the District and Authority regarding ongoing monitoring, reports and
studies associated with overall lower Peace River/upper Charlotte Harbor Hydrobiological
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Monitoring Program. A detailed history of the Panel, as summarized in the 2011 HBMP
Comprehensive Summary Report, can be found in Appendix A.

1.2.2 Ongoing Study Elements of the HBMP

The 1996 Water Use Permit renewal specified reporting requirements with respect to data
collected and interpreted under the HBMP. In addition to Annual Data Reports, the permit
required limited Mid-term Reports and much more extensive Comprehensive Summary Reports
be submitted to the District approximately after the third and fifth years of each five-year interval
over the duration of the twenty-year permit. Due to increased public concerns regarding long-
term hydrologic alterations of freshwater flows in the Peace River watershed and comments
received from the Scientific Review Panel, the Authority expanded the level of data analysis in
all of the HBMP Reports beyond that originally envisioned by the 1996 permit . The primary
focus of these additional increased statistical analyses and evaluations have been specifically
directed toward further assessing both the magnitude, temporal and spatial distribution of
potential impacts resulting from both current and projected future Facility withdrawals. Due to
the increase in analyses included in the Annual Data Reports and Scientific Review Panel
comments, the previous 3-year Mid-term Reports have been replaced in favor of appropriate
short-term, “special studies” directed toward answering specific questions raised by the Panel
and/or District. The following briefly summarizes both the ongoing and some of the major
recent changes in the HBMP program elements.

1.2.2.1 Continuous Recorders (USGS and Authority)

During the 1996 permit renewal, the need was identified to begin collecting salinity data at fixed
points along the HBMP monitoring longitudinal transect at much greater frequencies than the
ongoing monthly monitoring. Such information, combined with corresponding tide/wind
influenced gage height, freshwater flows, and withdrawals could then be used to develop detailed
spatial and temporal relationships through the development of statistical and/or mechanistic
models. These models would allow increased accuracy in assessing the relative magnitudes of
short and longer-term salinity changes due to permitted Facility withdrawals (see Chapter 4.0).
Such salinity changes are expected to result from the interactions and combined influences of
seasonally varying withdrawals with natural variations in both flows and tides. A secondary goal
of deployment of continuous recorders might be to assess potential long-term changes in river
salinity, which might be explained by future predicted long-term progressive increases in sea
level.

Following the 1996 renewal of the Facility water use permit, two initial subsurface/near bottom
15-minute recorder locations were established in the lower Peace River by USGS. Responding
to comments and recommendations of the HBMP Scientific Review Panel, the Authority itself
subsequently deployed three additional continuous subsurface salinity recorders in December of
2005, two additional recorders again in May 2008, and recently three more recorders at the end
of June 2011. In December 2009, USGS installed another location, consisting of a pair of near
surface and near bottom continuous recorders, immediately adjacent to the Facility’s river intake
structure. The three USGS recorder locations provide the Authority the ability to assess river
conductance both downstream and at the Facility in real time, in order to prevent the withdrawal
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of higher conductance water during lower flows above the 130 cfs threshold. The relative
locations during 2016 of the recorder array along the lower Peace River HBMP monitoring
transect are depicted in Figure 1.3 and further summarized in Tables 1.8 and Table 1.9.

Table 1.9
Summary of HBMP 2016 Array of Continuous Recorders on the Peace River

Gage ID, Location and Period of Monitoring _Rlver
Kilometer

RKO09 (Authority) — Navigation Marker south of 175 Bridge — June 2011 to present RK 09.2
RK12 (Authority) - Manatee Zone Marker near Shell Creek (near bottom) — May 2008 to Jun 2011 RK 12.7
RK12 (Authority) - Manatee Zone Marker near Shell Creek (surface) — Jun 2011 to present RK 12.7
HH (USGS - 02297460) — Dock at Harbour Heights - Sep1996 to present RK 15.5
RK18 (Authority) — Channel Marker in Area of Power Lines — June 2011 to present RK 18.5
RK18_HC (Authority) - Manatee Zone Marker on Hunter Creek - Jun 2011 to present RK 18.7
RK20 (Authority) — Channel Marker downstream of Island — June 2011 to present RK 20.8
RK21 (Authority) - Manatee Zone Marker near Liverpool area - Dec 2005 to present RK 21.9

RK23 (Authority) - Manatee Zone Marker downstream of Navigator Marina - Dec 2005 to May 2008 RK 23.4

RK24 (Authority) - Manatee Zone Marker gage near Navigator Marina - Dec 2005 to present RK 24.5
PRH (USGS - 02297350) — Dock at Peace River Heights gage — Nov 1997 to present RK 26.7
PRP (USGS - 02297345) — Peace River at Platt (Facility) — December 2009 to present RK 29.8
RK30 (Authority) - Manatee Zone Marker near SR 761 Bridge — May 2008 to June 2011 RK 30.6
RK31 (Authority) - Old Railroad Bridge upstream of Facility — May 2008 to present RK 31.7

1.2.2.2 Water Chemistry and Water Column Physical Profiles

These HBMP study elements involve the measurement of physical and chemical water quality
over time, primarily tracking the overall “health of the estuary.” A key goal is to collect
sufficient long-term data to be able to statistically describe natural spatial and seasonal
variability in the water quality characteristics of the lower Peace River/upper Charlotte Harbor
Estuary, and to test for significant changes over time (trends). A second goal is to determine
whether significant relationships exist between freshwater inflows and the seasonal/spatial
variability of these water quality parameters. If such relationships can be shown, then the
ultimate goal is to determine the potential magnitude of change that might result from permitted
withdrawals, and compare such predictions with the range of observed natural variability.

Physical and chemical water quality parameters are measured within the lower Peace
River/upper Charlotte Harbor Estuary under two different HBMP study elements:
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1. During the first part of each month, water quality measurements (physical and chemical)
are conducted at four “moving” salinity-based isohaline locations (0, 6, 12 and 20 psu)
along a River Kilometer center-line running from the “mouth” of the Peace River upstream
to above its junction with Horse Creek, and downstream to Boca Grande Pass. The relative
monthly location of each sampling is based on the first occurrence of these specific
isohalines (+ 0.5 psu), with freshwater being defined as the first occurrence of
conductivities less than 500 us/cm (or until reaching the upstream Horse Creek confluence
at RK 34.1). The isohaline sampling effort was undertaken in conjunction with the long-
term phytoplankton elements of the HBMP. Physical and chemical water quality
determinations are also made at RK 30.7 (Station 18) immediately upstream of the
Facility’s intake. When station 18 is combined with the results of the “fixed” monthly
sampling (described below), this results in approximately bi-weekly information being
collected at this spatially important location (RK 30.7).

2. Approximately two weeks after the collection of the “moving” isohalines, water column
physical profiles are conducted, near high tide, at sixteen fixed locations along a transect
running from just below the river’s mouth upstream to a point just above the Peace River
Facility (see Figure 1.2 and Table 1.8). In addition, chemical water quality samples are
taken at five of these locations.

Both of these water quality HBMP study elements include physical in situ water column profile
measurements of characteristic parameters (temperature, dissolved oxygen, pH, conductivity and
salinity) at 0.5-meter intervals from the surface to the bottom. In addition both efforts measure
the penetration of photosynthetically active radiation (PAR) to determine ambient extinction
coefficients at specific sampling locations. Both studies also include the analyses of an extensive
list of chemical water quality parameters. The only difference is that at the “fixed” sampling
stations both sub-surface and near-bottom samples are collected at each of the five sites, while
only sub-surface water chemistry samples are taken as part of “moving” isohaline phytoplankton
production study element.

The HBMP Scientific Review Panel agreed during its November 2002 meeting that both the
“fixed” and “moving” water quality monitoring programs were important, but that certain water
chemistry parameters could be omitted from the sampling regime. The Scientific Review Panel
recommended that the District accept the suggested chemical parameter revisions with the caveat
that chlorides and silica continue as HBMP parameters. Based on these recommendations, the
District agreed to the revised HBMP water chemistry parameter list (Table 1.10) starting in
January 2003.

1.2.2.3 Phytoplankton Studies

Sub-surface samples are collected in conjunction with the “moving” isohaline sampling of
physical and chemical water quality characteristics described above.

Phytoplankton Primary Production — From June 1983 through December 1999, statistically
comparable levels of phytoplankton *C fixation rates were measured monthly at each of the four
moving salinity-based isohaline locations. In addition to overall estimates of phytoplankton
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production, carbon uptake rates were determined for three separate size fractions: 1) greater than
20 microns; 2) 5 to 20 microns; and 3) less than 5 microns. The results of this long-term HBMP
study clearly showed the quick response of phytoplankton production to brief pulses of relatively
nitrogen rich freshwater into the estuary during the early spring. These results further supported
the extreme importance to other components of the estuarine food-web of early spring/summer
flows to the estuary during the start of the typical summer wet-season. Based on the extensive
nature of the database gathered, in situ carbon uptake measurements were omitted from the
HBMP in 2000.

Species Composition - A second element of the HBMP phytoplankton study, conducted
monthly between 1989 and 2004, sought to quantify the specific responses of major
phytoplankton taxonomic groups to variations in the periodicity of freshwater inflow. The
developed monthly phytoplankton taxonomic information included: 1) raw counts of the relative
taxonomic structure; 2) percent composition of key major taxonomic groups; and 3) summary
species diversity and evenness index estimates. This monitoring effort ceased following 2004
based on the recommendations of the Peace River HBMP Scientific Review Panel.

Phytoplankton Biomass Estimates — Although direct in situ measurements of carbon uptake
rates and enumerations of phytoplankton taxonomic structure are no longer conducted, the
HBMP isohaline-based monitoring study element continues to collect monthly information of
phytoplankton biomass (chlorophyll a), in relation to seasonal and flow-related variations in
physical parameters, water column light profiles, and the major chemical constituents associated
with phytoplankton growth.

In Situ Chlorophyll Transect Monitoring - Both the “fixed” and “moving” HBMP study
elements have previously indicated the existence of seasonally-variable chlorophyll a maxima
along the lower Peace River/upper Charlotte Harbor monitoring transect. Based on the
recommendation of the HBMP Scientific Review Panel, and following consultation with District
staff, the Authority volunteered to implement a new HBMP study element beginning in April
2013. This new HBMP study element employs an in situ fluorometric chlorophyll a
methodology to provide the type of enhanced spatial intense information needed to accurately
define the monthly magnitude and spatial extent of variations in chlorophyll a patterns within the
lower Peace River/upper Charlotte Harbor Estuary. Accurate spatial determinations of the
relative intensity and location of monthly chlorophyll a maxima patterns are expected to provide
additional information regarding the known seasonal interactions between changes in freshwater
flow (relative to additions of both nutrients and color) in relation to the seasonal movement of
important estuarine zones of primary (and secondary) production. An analysis of the utility of
this new HBMP study element, and recommendations for its future continuance, are expected to
be made following several years of data gathering, and then potentially at specific intervals as
part of future major summary monitoring program reports.

1.2.2.4 HBMP Study of Long-Term Changes in Vegetation

At selected intervals between 1976 and 2004, three different HBMP study elements were
conducted to assess variations in emergent and riparian vegetation along the lower Peace River.
The overall objective of these monitoring programs was to determine the magnitude of annual

Peace River/Manasota Regional 1-16 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 1 - Introduction

and longer term changes caused by natural river flow differences between extended wet and dry
periods. The objective was to assess the potential magnitude of changes in vegetation patterns
along the lower river that could be attributed to current and projected Facility withdrawals.

The vegetative monitoring elements of the HBMP provided information to determine
relationships between vegetation patterns and freshwater flows by observing the positions of the
freshwater and salt-tolerant plant communities, especially in the salinity transitional zone of the
river. A permanent shift of more salt-tolerant plants upriver could be an indication that
withdrawals were impacting the river corridor wetlands, as long as natural variability (drought)
or other man-made causes could be eliminated.

HBMP studies of long-term changes in vegetation consisted of three elements. Photo-
interpretation began in 1976. Initially, aerial infra-red photography of the vegetative
communities along the lower Peace River was taken yearly, starting at the US 41 Bridge (River
Kilometer 6.6) and extending upstream above the Peace River Facility to near the area where
Horse Creek enters the river (River Kilometer 39.5). Under the 1996 HBMP permit
modifications, such aerial surveys continued to be conducted at two-year intervals. All post-1996
aerial photography was taken in a corrected, GIS compatible format, thus allowing for accurate
quantification of any observed changes. Photo-interpretation of these images, in conjunction with
field observations, will periodically be used to develop maps of the river’s vegetation
associations. Both qualitative and quantitative data are being used to assess potential changes
associated with extended natural periods of both low and high freshwater inflows.

Since 1976, at approximately two-year intervals, the first and last occurrence of a large number
of indicator plant species has been recorded along the banks of the Peace River downstream of
the Peace River Facility. As part of the vegetation study element of the HBMP, detailed maps
using the standardized River Kilometer scale were made, identifying the first and last
occurrences of individual and substantial populations of key indicator species. These data were
used in conjunction with the aerial photography to assess the influences of long-term natural
variations in river flow.

Detailed monitoring of plant communities along the river banks at fixed locations began in 1979
and was expanded under later permits. The vegetative communities at three permanent transect
sites were sampled at two-year intervals. At each monitoring location, three transects from the
top of the bank to the water edge were surveyed. The vegetation one meter to each side of each
transect was identified, and the location and density recorded. The objective of the long-term
vegetation data was to be used to further assess the response of the riverine vegetative
communities to natural variations in freshwater flows.

Complete and thorough analyses of the long-term results of these vegetation studies were
presented in both the 2002 HBMP Comprehensive Summary Report and the 2004 HBMP Annual
Data Report. These analyses indicated that vegetation patterns along the lower tidal Peace River
have remained relatively stable over long periods of time, and show little in the way of consistent
responses to natural periods of either high or low freshwater river flow. As a result, based on
discussions with both the Scientific Review Panel and District staff, it was determined to
suspend the vegetation monitoring elements with the exception of photo-interpretation.

Peace River/Manasota Regional 1-17 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 1 - Introduction

Following 2004 this monitoring element continued at approximately five year intervals with
actual photo interpretation or data analysis on an as needed basis.

1.2.2.5 Special Studies Associated with the HBMP

In addition to the monitoring elements of the HBMP summarized above, the revised HBMP
program implemented in 1996 also required the Authority to conduct and/or contribute to a
number of duration-limited studies designed to answer specific research questions.
Comprehensive summaries of these special HBMP studies as well as other recent relevant
reports by other research programs in the lower Peace River/upper Charlotte Harbor estuarine
system were presented in the 2011 Comprehensive Summary Report (and are also provided in
Appendix B). Similar summaries of additional studies of the Peace River and Charlotte Harbor
outside of the HBMP completed since that time are summarized in Chapter 2.

1.2.2.6 Assessing Significant Environmental Change

Since its inception in 1976, the HBMP has incorporated numerous physical, chemical, and
biological study elements directed toward assessing both the overall “health of the estuary” as
well as direct and indirect adverse impacts potentially associated with Facility withdrawals. To
date none of the extensive HBMP analyses have found or suggested any significant long-term
physical, chemical or biological changes in the lower Peace River/upper Charlotte Harbor
estuarine system, resulting from either current or historic water withdrawals by the Facility.

The 2002 HBMP Comprehensive Report proposed an initial approach for determining from the
HBMP data whether permitted surface water withdrawals are causing or have caused adverse
environmental changes in the lower Peace River estuarine system. In addition, a hierarchy of
management actions was proposed to be implemented in response to detected changes that could
forewarn potential future changes that would constitute an adverse change.

1.3 Report Organization and Primary Objectives

The following briefly summarizes the organization and primary objectives of each of the
following chapters of this 2016 HBMP Comprehensive Summary Report.

e Chapter 2.0 - Summarizes the Primary Conclusions and Findings of Recent HBMP
and other Reports — This chapter provides brief overviews of each of the major studies
and reports related to the Peace River watershed, lower Peace River and upper Charlotte
Harbor that have been released since those previously summarized in the 2011 Peace
River Comprehensive Summary Report. Its primary focus is to provide concise overviews
of the purpose and major conclusions of each study. A related appendix is also included
that provides similar summaries presented in previous Comprehensive Summary Reports.

e Chapter 3.0 - Status and Trends in Regional Rainfall, Flows, and Facility
Withdrawals — The purpose of this chapter is to provide updated graphical plots and
trend analyses of rainfall and flows in the Peace and Myakka River watersheds over
multiple time scales. Recent and historical unusual occurrences (such as extended
droughts and unusually wet intervals) are documented and compared to the long-term
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1.4

average statistical characteristics at each of the major tributary gaging locations in the
Peace River watershed.

Chapter 4.0 — Salinity in the Lower Peace River/Upper Charlotte Harbor Estuarine
System — This chapter examines spatial and temporal trends and patterns in salinity data
collected by the HBMP at fixed, moving, and continuous recording stations.
Relationships of salinity with flows are also examined. Statistical models relating salinity
at both the long-term USGS and Authority continuous recorders to flows, tide stage, and
withdrawals are developed or updated (if developed in prior reports). Additionally, the
chapter discusses the anthropogenic impacts on salinity including Facility withdrawals,
upstream land use changes, and sea level rise.

Chapter 5.0 — Water Quality in the Lower Peace River/Upper Charlotte Harbor
Estuarine System — The purpose of this chapter is to provide updated analyses of spatial
and temporal patterns and trends for selected HBMP water quality variables, as well as
their relationships with flow. Unusual occurrences, such as periods of extended drought,
are documented and compared to the long-term statistical water quality characteristics.

Chapter 6.0 — Regulatory Impacts on Facility Operations — The primary objective of
this chapter is to describe regulations that impact withdrawals by the Facility. These
include a description of the current MFL and the MFL review process, as well as a
discussion of water quality impairments in the watershed.

Chapter 7.0 — Long-term Water Supply and Demand - The primary objective of the
chapter is to summarize long-term water demand and supply projection, as well as the
Authority’s Master Water Supply Plan and alternate source studies. This discussion
includes a summary of major facility physical expansions and capabilities, regional
demand for water, and supply system changes.

Chapter 8.0 — Assessing Environmental Change — This chapter provides reference to
prior HBMP Summary Reports that have detailed the regulatory basis of review, the
rationale for defining significant environmental change, and the hierarchy of management
actions proposed under the HBMP to be implemented in response to detected changes
that could forewarn of potential future impacts of sufficient magnitude that they would
constitute an “adverse change”.

Chapter 9.0 - Potential Monitoring Design Modifications to the Existing Long-Term
HBMP Elements — Based on the overall preceding conclusions of the report, this chapter
extends the discussions raised in previous Summary Reports, and discusses the potential
future need for changes to HBMP study elements.

Summary

This introduction provides an overview for readers unfamiliar with the history of the Peace River
Regional Water Supply Facility and the District’s associated series of issued Water Use Permits.
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The introduction reviews the history of the major study elements that have been associated with
the forty-one year record of the ongoing HBMP.

e The primary goal of the HBMP study elements continues to be to provide the District
with sufficient information to determine whether the biological communities of the lower
Peace River/upper Charlotte Harbor estuarine system have been, are being, or may be
adversely impacted by permitted freshwater withdrawals by the Authority’s water
treatment facility.

e The continually expanding base of ecological information developed by the HBMP
continues to be used to periodically evaluate the effectiveness of the withdrawal schedule
with regard to assuring the prevention of significant adverse estuarine impacts.

This 2016 HBMP Comprehensive Summary Report follows and extends the summarization and
interpretation of long-term HBMP data previously submitted in the 2002 HBMP Comprehensive
Summary Report, the 2004 Midterm Interpretive Report, the 2006 HBMP Comprehensive
Summary Report, and the 2011 HBMP Comprehensive Summary Report. Its primary goals and
objectives are to provide the District with sufficient analyses to:

e Evaluate key relationships between ecological characteristics and freshwater inflows, and
determine whether the biological health and productivity of the estuary are showing signs
of stress related to natural periods of low freshwater inflow or potential negative
influences of Facility withdrawals.

e Assess the presence or absence of long-term trends for important HBMP variables.

e Evaluate the overall HBMP design and make recommendations regarding implementing
modifications.

e Assess the presence or absence of adverse ecological impacts and determine the influence
Facility withdrawals may have contributed to such impacts.

e Evaluate the potential environmental impacts that may be associated with additional
future increased withdrawals from the river and the feasibility of increased water
supplies.

e Assess and evaluate the effectiveness of the withdrawal schedule for preventing adverse
environmental impacts.

None of the detailed analyses of HBMP data presented in previous HBMP reports have shown
that Facility withdrawals have had, or are expected to cause, significant physical or biological
adverse impacts within the lower Peace River/upper Charlotte Harbor estuarine system. A key
objective of this report is to provide the District with sufficient analyses of the HBMP data to
date to assure that the revised withdrawal schedule continues to provide adequate continuing
resource protection.
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Prior HBMP Comprehensive Summary Reports (September 2004, April 2008 and December
2013) provided brief overviews of major studies related to the lower Peace River/upper Charlotte
Harbor estuary system primarily completed between 1996 and 2011. This chapter continues
providing brief overviews of major reports and studies related to the lower Peace River/Charlotte
Harbor estuarine system since those previously summarized in the 2011 Comprehensive
Summary Report.

Concise overviews of the purpose and major conclusions of these reports and studies are
provided below from oldest to more recent. Similar reviews previously contained within the
2002, 2006, and 2011 HBMP Comprehensive Summary Reports are provided in Appendix B.

The Charlotte Harbor Seven-County Watershed Report (CHNEP 2011)

Proposed Numeric Nutrient Criteria for the Charlotte Harbor National Estuary
Program Estuarine System (Janicki Environmental 2011)

Charlotte Harbor National Estuary Program Oyster Habitat Restoration Plan (Boswell
etal 2012)

Status Report for the Southern Water Use Caution Area Specific Conductance
Reconnaissance Network (SWFWMD 2012)

2012 HBMP Annual Data Report (Atkins 2013)

Results of the Florida Department of Environmental Protection, Charlotte Harbor
Aguatic Preserves’ Seagrass Monitoring Program from 1999-2009 (Brown et al 2013,
Florida Scientist)

Freshwater Fish Communities and Habitat Use in the Peace River Florida (Call et al
2013, Florida Scientist)

Water Quality Data Analysis Report for the Charlotte Harbor National Estuary
Program (Janicki Environmental 2013)

Fish Assemblages in the Oligohaline Stretch of a Southwest Florida River during
Periods of Extreme Freshwater Inflow Variation (Stevens et al 2013 Transactions of
the American Fisheries Society)

The Effects of Environmental Disturbance on the Abundance of Two Recreationally-
Important Fishes in a Subtropical Floodplain River (Blewett and Stevens 2013, Florida
Scientist)

A Water Clarity Evaluation and Tracking Tool for the Estuarine Waters of Lemon Bay,
Charlotte Harbor and Estero Bay, Florida (Wessel et al 2013, Florida Scientist)
Retrospective Analysis and Sea Level Rise Modeling of Coastal Habitat Change in
Charlotte Harbor to ldentify Restoration and Adaptation Priorities (Geselbracht et al
2013, Florida Scientist)

2013 HBMP Annual Data Report (Atkins 2014)

The Optical Model Spectral Validation and Annual Water Clarity Reporting Tool:
Final Report (Dixon and Wessel 2014)
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e An Analysis of the Relationships of Freshwater Inflow and Nutrient Loading with
Chlorophyll Values and Primary Production Rates in the Lower Peace River (Atkins
2014)

e Seasonal Differences and Responses to a Tropical Storm Reflected in Diatom
Assemblage Changes in a Southwest Florida Watershed (Nodine and Gaiser 2015
Ecological Indicators)

e 2012 Annual Report Horse Creek Stewardship Program (Cardno 2015)

e 2015 Regional Water Supply Plan Southern Planning Region (SWFWMD 2015)

e City of Punta Gorda Shell Creek HBMP Year Five Comprehensive Summary Report

(Atkins expected 2017)

Integrated Regional Water Supply Plan 2015 (Atkins et al 2015)

2014 HBMP Annual Data Report (Janicki Environmental 2016)

2015 HBMP Annual Data Report (Janicki Environmental 2016)

A spectral optical model and updated water clarity reporting tool for Charlotte Harbor

Seagrasses. (Dixon and Wessel 2016, Florida Scientist)

e Estuary-Specific Numeric Interpretations of the Narrative Nutrient Criterion (62-
302.532 FAC)

e 2016 HBMP Annual Data Report (Janicki Environmental expected 2017)

2.1 The Charlotte Harbor Seven-County Watershed Report (CHNEP, 2011)

This Watershed Report reviews the progress achieved in implementing the Comprehensive
Conservation and Management Plan (CCMP) that identifies natural resource priorities for the
natural environment within the Charlotte Harbor Watershed. Charlotte Harbor National Estuary
Program (CHNEP) partners provided the data, analysis and guidance toward development of the
report.

The Watershed Report addresses questions regarding multiple Charlotte Harbor environmental
indicators. The first part of the report addresses several questions related to fish and shellfish.
Over a 15-year period of analysis (1996-2010) the report indicates no significant change in fish
quantity, however there was a loss of small fish diversity in shallow waters over the last five
years of the study. Nonnative fish were reported as rare. Fish and shellfish are noted in the
Watershed Report to be safely harvested and eaten in Charlotte Harbor’s waters. Mercury is
documented as a contaminant of concern. The report advised following consumption advisories
for fish, not eating large sharks and king mackerels at all, and consuming shellfish only from
areas and dates approved for shellfish harvest. In general, shellfish harvest closures were
greatest during periods of heavy rainfall when pollutants are washed from the land and into
shellfish harvest areas.

The next section of the report focused on fish and wildlife habitat, namely seagrass, mangrove
and freshwater wetland habitats. Seagrasses are a vital estuarine habitat, trapping suspended
sediments, providing food, and supplying habitat for a variety of sea life. The report states that
as of 2008, seagrasses covered more than 95% of their 1950s extent, having expanded 10% since
a recorded low in 1999. Boat prop scar damage and water quality degradation are noted as
threats to seagrasses. As of 2005, mangroves are reported as covering more than 60,000 acres,
providing food and habitat for multiple species, and buffering inland areas from storm surges and
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wind. The Watershed Report states that, since 1990, mangrove area (or extent) has been
relatively stable, however more than one third of mangrove shoreline was degraded, primarily as
a result of Hurricane Charley. Freshwater wetlands provide many valuable functions including
the storage and cleaning of water and the provision of habitat for birds, mammals, reptiles and
amphibians. The Watershed Report indicates that only 57% of pre-development freshwater
wetland areas remained; between 1990 and 2005, another 2.5% of freshwater wetlands were lost.
Much of this loss is attributed to agricultural drainage, mining and urban land development. In
addition to these three key habitats, the report concludes that more than 18% of natural shoreline
has been lost. Of urban mangroves, 52% were trimmed, degrading them. Nonnative plants
dominated 3% of the shoreline.

The Watershed Report then provides an overview of land management in the watershed. More
than 460,000 acres in the watershed at the time of the report were under some form of
conservation management; there has been a gain of more than 210,000 acres since 1998. In total,
14% of the watershed land was noted as in conservation. The State of Florida manages the
majority of the lands in conservation management, followed by the Water Management Districts,
counties with land acquisition programs, and other agencies including the federal government,
private land trusts and cities. Almost 49% of the CHNEP’s estuarine waters are under state
aquatic preserve or federal wildlife refuge management.

In addition to land management, the Watershed Report summarizes environmental restoration in
the watershed. Between 2000 and 2010, more than 68,000 acres were restored by public and
private agencies. All coastal counties and most coastal cities in the watershed had adopted
ordinances reducing fertilizer use by 2011, reducing excess nutrients added to the watershed by
hundreds of tons every year. Additionally, the District’s Facilitation Agricultural Resource
Management Systems Program has reduced nutrient pollution and conserved water on more than
115,000 acres of agricultural property within the watershed.

The Watershed Report then provides a brief overview of flows in the rivers of the Charlotte
Harbor watershed; the Caloosahatchee has the greatest flows, followed by the Peace and
Myakka Rivers. River flows are described as a function of rainfall, the size of the watershed
feeding the river and the amount of impervious surface. Caloosahatchee flows have been
altered by channelization and construction of dams and locks. The District has adopted a
minimum mean monthly flow of 300 cfs at Franklin Lock and Dam. The report indicates that
the Caloosahatchee River does not receive enough water in the dry season due to demands for
irrigation water and receives too much water in the wet season. At the time of the report, the
District had set low flow thresholds on the Peace River in Bartow at 17 cfs and in Arcadia at 67
cfs. The report indicates that the alteration of wetlands, streams and lakes, combined with
natural periods of drought, has greatly diminished the flow of water in the Peace River and its
tributaries and has altered ecosystems, particularly in the northern portions of the watershed.
The Myakka River is designated a Wild and Scenic River; significant land acquisition within
its watershed renders the Myakka the most natural river in the estuary. The Watershed Report
states that the Myakka River receives too much flow from dry season irrigation; diversion of
Cow Pen Slough flows from the Myakka River basin balances some of this increased flow.
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The Watershed Report next addresses topics related to water quality and clarity in the
watershed. Multiple threats to water quality in the CHNEP are noted, including excessive
levels of bacteria, nutrients and turbidity; additional concerns include toxins and harmful algal
blooms. The report states that bacteria and nutrient problems are numerous and growing
worse. However there are some improving trends in estuaries, likely due to cities replacing
septic tanks with central sewer. In 2009, seven of ten Bay Segments did not meet established
water clarity targets. Conversely, Pine Island Sound, Tidal Myakka and San Carlos Bay were
noted as having excellent water clarity and seagrass extent.

The Watershed Report summarizes areas of concern relevant to the health of the estuary. One
large concern is water pollution, including excessive nitrogen and phosphorus concentrations
and loadings. The biggest per-acre sources of nitrogen pollution are failed septic tanks,
feedlots, commercial property and row crops. Commercial property, multifamily residences
and mining are the most significant sources of suspended solids. An emerging concern in
terms of water pollution is pharmaceuticals and personal care products (PPCPs). Many of
these products contain endocrine disrupting ecoestrogens which are capable of altering the
normal functions of natural hormones responsible for regulating animal development,
reproduction, immune function and other physiological processes.

An additional emerging concern is climate change. Key questions regarding climate change
include the degree to which change will continue, how rapidly change will occur and what the
long-term human and ecological effects of these changes will be. The Charlotte Harbor region
is noted as particularly vulnerable due to the flat topography, naturally poor drainage, and near
sea level altitude. The majority of conservation lands and the regional economy have major
investments near the coast or lake water bodies and the climate is naturally extreme even in the
absence of new changes.

2.2 Proposed Numeric Nutrient Criteria for the Charlotte Harbor National
Estuary Program Estuarine System (Janicki Environmental, 2011)

This report details the series of tasks conducted by the Charlotte Harbor National Estuary
Program (CHNEP) intended to establish estuarine numeric nutrient criteria (NNC) for the
CHNEP segments. The document provides background information on the CHNEP estuarine
system and a summary of work completed with respect to estuarine targets. Additionally, the
report provides the data and methodology utilized for developing estuarine NNC for the CHNEP
estuarine segments, the resulting targets and proposed NNC, and the proposed methodology for
implementation and compliance of the CHNEP estuarine NNC. The primary objective of the
document is to propose estuarine numeric nutrient criteria specific to the segments of the
CHNEP: Dona and Roberts Bay, Upper Lemon Bay, Lower Lemon Bay, Tidal Myakka, Tidal
Peace, Charlotte Harbor Proper (composed of East Wall, West Wall, Bokeelia, and Cape Haze),
Matlacha Pass, Pine Island Sound, San Carlos Bay, Tidal Caloosahatchee, and Estero Bay. The
criteria are expressed as TN concentrations in these segments.

The report describes the use of seagrasses as a living resource basis for developing water quality
targets in the CHNEP estuaries. Initial targets were developed in 2005 based on seagrass light
requirements at the maximum growth depth and the relationship of water clarity to light
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attenuators such as color dissolved organic matter, chlorophyll-a and turbidity. In 2009, the
CHNEP began to refine the water quality targets based on updated light availability and water
quality data based on seagrass acreage and a reference period approach.

Seagrass targets were developed and approved as a CHNEP management tool in 2009 to track
changes in an important ecological indicator over time. These targets provide a basis for
management decisions regarding issues such as water quality that can influence the distribution
and persistence of seagrasses. The targets were defined from analysis of historic and recent
aerial surveys of the study area. In addition to targets, the range of acceptable seagrass areas was
also defined as the range between the minimum and maximum areas from the recent surveys.

In terms of developing chlorophyll a targets, the CHNEP Technical Advisory Committee (TAC)
decided to use a similar approach as neighboring estuary programs, but with different thresholds
depending on whether or not a segment was classified as “restoration” or “protection”. The
“restoration” threshold is more stringent than the “protection” threshold because “restoration”
segments have not achieved the desired levels of seagrass coverage. A reference period of 2003-
2007 was used to establish the chlorophyll a targets which corresponds to the time period used in
establishing the water clarity targets for CHNEP. A distinction was made between a target (a
desired chlorophyll a concentration) and a threshold (a chlorophyll a concentration above which
undesirable chlorophyll a concentrations exist.

The development of NNC for the segments of the CHNEP area followed an evaluation of
stressor-response relationships. The approach involved the development of a quantitative
relationship between chlorophyll a and independent variables such as nutrient loadings,
concentrations and estimates of residence time. Following the analyses, NNC in terms of TN
concentrations were developed for each segment. The CHNEP Management and Policy
committees approved the TAC recommendations for the TN concentration-based numeric
criteria (shown below) based on the Reference Period approach, as no appropriate stressor-
response relationships were found that could be used to develop defensible numeric nutrient
criteria.

Recommended numeric nutrient criteria based on the
reference period approach for TN concentration

Segment Candidate Criterion

Dona and Roberts Bays 0.42 mg/L
Upper Lemon Bay 0.56 mg/L
Lower Lemon Bay 0.62 mg/L
Tidal Myakka 1.02 mg/L
Tidal Peace 1.08 mg/L
Charlotte Harbor Proper 0.67 mg/L
Matlacha Pass 0.58 mg/L
Pine Island Sound 0.57 mg/L
Tidal Caloosahatchee TBD

San Carlos Bay 0.56 mg/L
Estero Bay 0.63 mg/L
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The document proposes a compliance assessment strategy consisting of two steps. The initial
step is the comparison of mean annual chlorophyll a concentrations in each bay segment to the
established thresholds. Compliance is achieved if the threshold is met in that year. Exceedance
in more than two years during any five-year period would trigger a second step of an assessment
of nitrogen concentrations during that period. Defensible compliance assessment is dependent
upon continued monitoring to ensure the annual assessments can be completed for attainment of
the proposed chlorophyll a thresholds and TN criteria.

Appendices to the document detail (1) the data description and assessment of seagrass, water
quality and loadings, (2) criteria expressed as TN and TP concentrations and loads, (3)
implementation issues, and (4) maps of the monitoring sites utilized for water quality assessment
in each segment.

2.3  Status Report for the Southern Water Use Caution Area Specific
Conductance Reconnaissance Network (SWFWMD 2012)

This report summarizes the monitoring results from 2011 Water Quality Monitoring Program
(WQMP) of the Southwest Florida Water Management District (District) at 143 surface water
stations in the Southern Water Use Caution Area (SWUCA) Specific Conductance
Reconnaissance Network (SCRN). The network of streams and canals was established in May
2004 and tracks changes in surface water quality related to elevated levels of specific
conductance derived from runoff from agricultural irrigation with mineralized groundwater.

Specific conductance values obtained from the SCRN stations were compared to three target
concentrations: (1) 900 uS/cm, (2) 1275 uS/cm, and (3) 775 uS/cm. The 1275 uS/cm represents
the FDEP Class | and Class 111 criteria for specific conductance. To anticipate areas where
values may exceed the FDEP criteria, the district has adopted the 900 uS/cm threshold as an
indication of groundwater signature characteristics. The reference value of 775 uS/cm is used as
a surrogate to assure chloride and TDS are below their respective Class | criteria.

Stations exceeding the 900 uS/cm are referred to the Facilitating Agricultural Resource
Management Systems (FARMS) Program for further investigation of potential sources of
groundwater runoff in the immediate or surrounding areas. Letters were mailed to landowners
requesting permission to sample wells. Sampling of these wells allows FARMS staff to analyze
potential FARMS projects that may improve water quality in these areas.

Several key observations are mentioned from the 2011 monitoring:

e 21 percent of the SCRN stations within the SWUCA exceeded the 900 uS/cm
threshold for specific conductance during the 2011 dry season sampling events

e Nine percent of the SCRN stations within the SWUCA exceeded the FDEP Class |
and Class Il surface water quality criteria for specific conductance of 1275 uS/cm
during the 2011 dry season sampling events
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The number of exceedances was decreased during the 2011 wet season sampling
which is expected given increased wet season precipitation and usually less irrigation
with groundwater.

Eight stations remained above the 900 uS/cm threshold for both dry and wet season
sampling indicating these stations are experiencing prolonged influence from
groundwater runoff.

29 stations were either dry or not flowing during the dry season event; an increase
from the 2009 (n=15) and 2010 (n=16) dry season events.

The Peace River Basin exhibited the greatest number of stations exceeding the 900 uS/cm in
either the wet or dry season. The report indicates that waters with elevated specific conductance
within this area are being addressed through the Shell Creek and Prairie Creek Watersheds
Management Plan, and subsequent performance monitoring reports for the Plan.

Two of the stations in the SWUCA SCRN also had Habitat Assessments (HA) and Stream
Condition Index (SCI) determinations during the reporting period. Both of the sites exceeded the
900 uS/cm threshold but neither exceeded the 1275 uS/cm Class | and Class 11 criteria. One site
was scored as Category 1 (“exceptional”). The other site was scored as Category 3 (“impaired”)
for the overall SCI score.

The report made the following recommendations:

Continued monitoring of stations showing prolonged influence by highly mineralized
waters

Continued analysis and reporting of network results and the referral of this
information to FARMS staff for consideration of potential management actions
Further follow-up by FARMS staff focus on sub-basins not currently being addressed
for highly mineralized water including the Horse Creek sub-basin and the Peace and
Myakka Rivers lower sub-basins.

Enhance monitoring within the SWUCA SCRN by expanding the extent of stations
visited, particularly surface water bodies within the Most Impacted Area of the
SWUCA in the coastal portions of Manatee, Sarasota and southern Hillsborough
County.

Expansion of HA and SCI testing to additional stations within the SWUCA SCRN,
specifically those with exceedances of the 1275 uS/cm threshold.

2.4  Charlotte Harbor National Estuary Program Oyster Habitat Restoration Plan
(Boswell et al., 2012)

The purpose of this Restoration Plan “is to provide a technically sound, consensus-based
approach for identifying oyster habitat restoration goals, methods, and partnerships for the
estuaries within the” Charlotte Harbor National Estuary Program (CHNEP). Oyster habitat was
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defined as substrate upon which a self-sustaining native oyster community develops, providing
habitat for commensal flora and fauna.

A Restoration Suitability Model (RSM) was developed to help guide restoration decisions within
the CHNEP and progress towards the restoration goal. The model uses GIS data to map
locations of suitable restoration areas on a scale of 0-100% suitability. Output from the RSM
indicated over 40,000 acres of highly suitable areas for oyster restoration within the study area.
The Restoration Plan recommends that, prior to any restoration, site-specific field evaluations
should be conducted to further evaluate if a site is suitable for oyster restoration, and what type
of methods would be most successful.

Limited historical oyster data were available, but estimates show a 90% loss of oyster habitat in
the CHNEP study area. Causes of this loss include dredging, oyster mining for road beds,
sedimentation and costal development. Commercial harvest may have contributed to a lesser
extent. Initial estimates suggest that the CHNEP study area should have 1,000 to 6,000 acres of
oyster habitat under ideal conditions. Several short term actions were recommended to achieve
this long term goal:

e Map oyster habitats by type within the CHNEP by 2020.

e Design, implement and monitor the success of pilot oyster restoration projects in a
variety of habitats in 50% of the CHNEP estuary segments by 2020.

e Increase public awareness of the ecosystem value of native oyster habitats by
including community stewardship components in each oyster restoration project.

e Assist partners in seeking funding opportunities to support oyster habitat restoration
projects.

The plan provides guidance on permitting, success criteria, monitoring, funding opportunities,
and community stewardship. The Restoration Plan was intended to be adaptive, incorporating
lessons learned into future updates. The next update of the Restoration Plan is planned to be
completed no later than 2020.

2.5 2012 HBMP Annual Data Report (Atkins, 2013)

This data report represents the 17" Annual Data Report submitted under the expanded
Hydrobiological Monitoring Program (HBMP) initiated in 1996 in compliance with Water Use
Permit 20010420. The report summarizes and compares data collected during 2012 with similar
HBMP information previously compiled during various elements of the ongoing long-term
monitoring program.

In making comparisons of the 2012 data with averages of similar data collected over the
preceding 36-year period (1976-2011), it should be noted that the very wet winter/spring El Nifio
of 1997/1998 was followed by very dry La Nifia conditions that influenced southwest Florida
and the entire Peace River watershed between 1999 and early 2002. A weaker El Nifio occurred
at the end of 2002, and freshwater flows during 2003, 2004 and 2005 were generally above
average. Rainfall in the Peace River watershed during the 2006 to 2009 interval, by comparison,
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was well below average, while seasonal rainfall patterns since then have returned to more normal
conditions. However, as has been common in a number of recent years, dry season rainfall
during the first part of 2012 was again well below normal.

Flows — Average mean daily Peace River flow of the three combined gages upstream of
the Facility during 2012 was 909.8 cfs, which is below the 1146.3 cfs average over the 37
years of HBMP monitoring (1976-2012). In comparison, the average flow during 2012
was well above the annual average flow of 524 cfs over the four-year interval between
2006 and 2009. However, it was also well below the average flow of 2046 cfs over the
much wetter five-year interval between 2001 and 2005. Overall, annual mean flow
upstream of the Facility during 2012 was just 79.4 percent of the average daily flow over
the preceding long-term 1976-2011 period.

Withdrawals — Total Peace River Facility withdrawals during 2012 were approximately
6.7 percent of the total gaged freshwater flow measured at the USGS Arcadia gage, 4.6
percent of the upstream gaged flow at the Facility, and 3.2 percent of the combined
average daily inflows upstream of the U.S. 41 Bridge. During the entire period of Peace
River Facility withdrawals (1980-2012), total combined withdrawals have been
approximately 1.8 percent of the corresponding gaged Peace River at Arcadia flows, 1.3
percent of total gaged flow upstream of the Facility, and only 1.0 percent of the combined
daily freshwater flows of the Peace River, and Horse, Joshua, and Shell Creeks.

There were seven days during 2012 when Peace River Facility withdrawals exceeded the
seasonally designated maximum percent allowed by the April 2011 revised permit
withdrawal schedule. Such exceedances of the permitted percent withdrawals primarily
result from subsequent USGS revisions of the provisional daily flow information
available to the Authority at the time of actual withdrawals. During 2012, the facility did
not withdraw any water from the river on 175 days or approximately 47 percent of the
time.

Salinity Spatial Distribution — While the freshwater inflows to the lower Peace River
during 2012 were higher than during the recent severe 2006-2009 drought, through much
of the year flows during 2012 were still below their characteristic seasonal flows. The
influences of the drier than usual conditions that characterized overall 2012 flows are
reflected in the seasonal and average spatial distributions of each of the four sampled
moving isohalines along the HBMP monitoring transect. Overall, the relative spatial
distributions of each of the isohalines during 2012 reflected slight upstream movements
when compared with their previous long-term 1983-2011 averages.

Temperature — Median annual water temperatures during 2012 at each of the four
isohalines were, on average, slightly higher than corresponding temperature values
measured over the preceding 29-year period (1983-2011). However corresponding mean
annual 2012 water temperatures for the year by comparison were generally similar with
their long-term averages. Unusually colder than normal seasonal winter water
temperatures were observed early in 2010, 2011 as well as 2012. The seasonal annual
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low water temperatures during these three most recent years were in fact, three of the four
coldest observed over the 29-years of monitoring at the four isohaline locations.

. Water Color — In comparison to seasonal averages over the preceding long-term historic
period (1983-2011), water color levels during 2012 at O psu were lower than average,
while being higher than the long-term average at the other three more downstream
isohalines. During 2012 flows upstream of the Facility were approximately 20 percent
below the longer 1976-2012 average, while corresponding Shell Creek flows which enter
the lower Peace River further downstream nearer higher salinity harbor waters were more
than 12 percent higher than average. These differences in regional rainfall/flows are
expressed in the observed spatial differences in seasonal water color among the
isohalines.

o Extinction Coefficient — The rates of measured light attenuation at each of the four
HBMP isohalines reflect the interactions of both ambient color and phytoplankton
biomass (chlorophyll a). Comparisons of mean extinction values among the four
isohalines during 2012 with corresponding long-term averages show much lower levels at
the three upstream isohalines (0, 6 and 12 psu), and higher than average at the most
downstream, highest area of salinity level (20 psu). This result probably reflects the
overall slightly lower than average annual combined flows that seasonally characterized
periods of 2012.

o Nitrite/NitrateNitrogen - During 2012, the average concentrations of this major
inorganic form of nitrogen were generally below the previously observed long-term
(1983-2011) historical annual averages. The long-term data clearly indicate that
inorganic nitrogen levels were also well below normal in the lower Peace River/upper
Charlotte Harbor estuarine system during the recent years of extended drought. Monthly
comparisons among the isohalines indicate nitrite/nitrate inorganic nitrogen
concentrations in the lower Peace River/upper Charlotte Harbor estuarine system are
characterized by a distinct spatial gradient that shows strong responses to seasonal
patterns of freshwater inflows. Concentrations typically decrease rapidly with increasing
salinity, with inorganic nitrogen levels within the 20 psu isohaline often being near or at
method detection limits over much of the year. Normally, estuarine inorganic nitrogen
concentrations decline to their lowest levels during the relatively drier spring months as
phytoplankton populations respond to increasing water temperatures and light, and
increased primary production removes available inorganic nitrogen. As a result,
inorganic nitrogen levels in the lower river and upper harbor are typically at their lowest
levels in the late spring, just prior to increases in summer wet-season inflows.

o Ortho-phosphorus - Estuarine inorganic phosphorus concentrations in the lower Peace
River and upper Charlotte Harbor are heavily influenced by the characteristically “very”
high natural levels found in the Peace River watershed. As a result, the observed
difference in concentrations among the four isohalines primarily reflects conservative
dilution by Gulf waters. Unlike inorganic nitrogen, seasonal observed changes in
phosphorus concentrations in the estuary are for the most part unaffected by biological
uptake. Inorganic phosphorus concentrations entering the estuary system from the Peace
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River watershed are typically lower during wetter periods, when a higher proportion of
flow results from rainfall runoff/surface flow (rather than coming from groundwater,
which is naturally richer in phosphorus). Annual average ortho-phosphorus
concentrations at each of the two downstream isohalines (12, 20 psu) were somewhat
higher in 2012 than the corresponding long-term averages (1983-2011).

o Nitrogen to Phosphorus Atomic Ratios — Calculated atomic inorganic nitrogen to
phosphorus ratios for ambient measured concentrations in 2012, as indicated by the long-
term averages, show nitrogen to almost always be the limiting macronutrient at each of
the four isohalines.

. Silica — Seasonally, silica levels in the lower Peace River/upper Charlotte Harbor
estuarine system typically peak following periods of high freshwater inflows. Although
silica levels also seem to be positively correlated with higher water temperatures
(possibly reflecting recycling from riverine/estuarine sediments), historically lower silica
concentrations in higher salinity zones of the estuary often occurred during corresponding
periods of combined low spring freshwater inflow and spring increases in phytoplankton
diatom numbers. Between 1983 and the late 1990s these seasonal patterns of increasing
and decreasing reactive silica concentrations remained relatively stable with no
indications of any consistent systematic changes over time. However, as discussed in
previous HBMP reports, silica levels started showing increasing concentrations during
the late 1990s. Then, as flows declined during the extended 1999-2002 drought, silica
levels also declined. However, following the return of higher than average flows during
2003-2005 measured silica levels in the estuary again began rapidly increasing. Even
though flows over the 2006-2009 interval were below normal, silica levels throughout the
lower river/upper harbor estuary continued to reach historically high levels during the
summer wet-seasons. However, while peak levels during 2009 and 2010 were somewhat
lower than during the immediate preceding years, levels again increased in 2011. Annual
average concentrations during 2012 were again well above their long-term averages at
each of the four moving isohaline based monitoring locations.

. Chlorophyll a — The seasonal patterns of freshwater inflows to the estuary during 2012
were characterized by drier than usual conditions during the first five months of the year
when compared to the long-term average conditions. Typically, seasonal periods of
increased flows produce both higher than average inputs of limiting inorganic nutrients
(nitrogen), as well as higher than average levels of water color (resulting in greater light
attenuation). Owverall, chlorophyll a concentrations within the Peace River/upper
Charlotte Harbor estuarine salinity zones during 2012 were generally similar to their
preceding long-term (1983-2011) corresponding averages. As in previous years,
phytoplankton levels within the intermediate (6 and 12 psu) isohalines reflected a balance
between stimulation due to increased nitrogen inputs, and light inhibition resulting from
higher water color. During previous years, taxonomic counts indicated that such “bloom”
events within these intermediate salinity zones were often predominantly characterized
by high numbers of dinoflagellates (Dinophyceae) or diatoms (Bacillariophycae).
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The graphical and summary analyses presented in this document do not indicate any substantial
changes, or atypical events in either the physical or biological data collected during 2012, other
than those previously noted. These include:

. Freshwater inflows during 2012 were influenced by drier than normal conditions during
the normal spring dry-season.

. There has been a continuation in the previously noted long-term increase in reactive silica
concentrations noted at the lower Peace River/upper Charlotte Harbor monitoring
locations.

. There are strong indications that inorganic phosphorus concentrations in the freshwater

entering the estuary have increased in recent years, following decades of major declines
that began in the late 1970s. However, observations since 2009 have shown that levels
have substantially declined again to levels near where they were prior to the observed
recent increase.

o The observed recent increases in silica and phosphorus seem to have been linked to the
on-going closure of phosphogypsum stack systems in the upper Peace River watershed.

The “limited” analyses presented in the Annual Data Report do not suggest that there have been
any long-term, systematic changes resulting from either current or historic water withdrawals by
the Peace River Regional Water Supply Facility.

2.6 Results of the Florida Department of Environmental Protection, Charlotte
Harbor Aquatic Preserves’ Seagrass Monitoring Program from 1999-2009
(Brown et al., 2013)

This article appeared in a Charlotte Harbor National Estuary Program (CHNEP) special issue of
the journal Florida Scientist entitled “The State of Our Watersheds and Estuaries”. A
description of the annual seagrass monitoring conducted annually by the FDEP throughout the
estuaries of Charlotte Harbor is provided. Monitoring has occurred since 1999 at fifty fixed
transects throughout the estuarine complex. Water quality and seagrass conditions are monitored
to properly manage the aquatic preserves, assess status and trends, and identify areas of concern.
Data from the monitoring program have been used by multiple agencies for statewide seagrass
reports, establishing water clarity targets, and regulatory review of activities proposed in the
preserves. This paper provides a statistical analysis of the program’s 2011 report, highlighting
significant trends and discussion of the results.

Results from the study indicated that, as a whole, the measured seagrass parameters were stable
throughout the region from 1999-2009. Minor declines were noted in 2004 and 2005 due to
higher than average rainfall and hurricane events; seagrasses have rebounded since.

The most frequently occurring seagrass species throughout the study area are Halodule wrightii
(45%, occurring in all estuary regions) and Thalassia testudinum (29%, occurring in most
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regions except the Peace and Myakka Rivers). Total abundance of all seagrass species combined
has increased significantly since 2004 (when monitoring of total abundance began), including in
the Peace River region. Throughout the study region from 1999-2009 the only species to have a
significant increasing trend in abundance was H. wrightii. Mean H. wrightii density (shoot
counts) increased significantly from 2005 to 2009, including in the Peace River region. Across
the study area, the maximum depth of seagrass growth increased on average from 1999 to 20009.
Additionally, over the study period, epiphyte densities increased significantly over the study
area.

The overall trends in abundance and density are influenced by several interacting variables, but
the article states the primary driver for the overall trends appears to be related to the amount of
freshwater the watershed and estuary received. Seasonal rainfall and anthropogenic flow can
cause declines in salinity and water quality and color, chlorophyll and other suspended matter are
primary factors causing reduced water clarity and light penetration to the seagrass beds. Species
occurrence is heavily influenced by salinity and areas with high variations in salinity due to
freshwater inflow, such as the Peace and Myakka Rivers, cannot support stable seagrass
populations. This is supported by the data in the report showing the lowest occurrence,
abundance and densities of seagrass, as well some of the lowest salinities and water clarity in the
estuarine complex.

The article stresses that continuation of the seagrass monitoring program is important in order to
properly characterize long term trends. The monitoring data, including annual abundance,
densities, species composition, and deep edge of beds, play an integral role in assessing seagrass
and estuarine health. The paper concludes that linking additional water quality parameters and
future clarity trends to the seagrass monitoring program data will be critical to the management
of the Charlotte Harbor estuarine system.

2.7 Freshwater Fish Communities and Habitat Use in the Peace River Florida
(Call et al., 2013)

This article appeared in a Charlotte Harbor National Estuary Program (CHNEP) special issue of
the journal Florida Scientist entitled “The State of Our Watersheds and Estuaries”. The
objectives of this study were to:

o Determine fish community metrics in the freshwater portions of the Peace River using
stratified-random surveys.

o Identify any differences in fish communities among different sections of the river.
. Evaluate fish species association with quantified habitat.

For this study, sampling was conducted biannually in the fall and spring from 2007 through 2010
to determine if temporal trends in fish community structure correlated with habitat utilization.
Fish collection was conducted using electrofishing along discrete transects. Additionally,
microhabitat measurements were recorded for each transect, including counts of woody debris,
aquatic macrophyte coverage, and substrate type. Water quality parameters were recorded from
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a multiparameter probe and include temperature, salinity, conductivity, and dissolved oxygen.
Additionally, water velocity, turbidity and Secchi depth was measured within each transect.

The results of the study indicated that fish communities differed spatially between sections of the
river (Lower, Middle, Upper) but not temporally across seasons or years. In the upper section of
the river, macrophyte cover and water velocity best correlated with changes in fish community
structure. In the middle section of the river, there were four variables that best correlated with
changes in fish community structure. These were Habitat Complexity Index (HCI), woody
debris, depth, and water velocity. In the lower section, woody debris was correlated best with
changes in fish community structure among sampling events.

2.8 The Effects of Environmental Disturbance on the Abundance of Two
Recreationally-Important Fishes in a Subtropical Floodplain River (Blewett
and Stevens, 2013)

This article appeared in a Charlotte Harbor National Estuary Program (CHNEP) special issue of
the journal Florida Scientist entitled “The State of Our Watersheds and Estuaries”. The
objective of the study was to describe how disturbance events influence abundance patterns of
common snook (Centropomus undecimalis) and largemouth bass (Micropterus salmoides) in the
lower reaches of the Peace River, Florida. These two species are both large fishes but with very
different life histories. Common snook are tropical, euryhaline, obligate marine spawners while
largemouth bass are a temperate freshwater species.

Seasonal abundances of these species were surveyed in the lower portion of the Peace River
from 2004-2010 via electrofishing from a stratified-random sampling design. During and just
prior to this period, several environmental disturbances occurred. Hurrian Charley passed
directly over the Peace River in August 2004. As the hurricane roughly followed the path of
the floodplain, it resulted in extremely high river flows and a large hypoxic event affecting most
of the river. This hypoxia was prolonged by the passage of two other hurricanes (Frances and
Jeanne) over the watershed. High river flows continued in 2005 with hurricanes Wilma and
Arlene over the watershed. During winter 2010, extreme cold temperatures occurred, affecting
the flora and fauna of the region.

These disturbance events greatly affected sport fish abundance patterns. After the 2004, hypoxic
event, largemouth bass were absent from the mainstem of the lower Peace River and remained so
for more than a year. Common snook, however, were up to three times more abundant than
during subsequent years (2007-2010). Largemouth bass are an obligate freshwater species, and
as such were confined to the river during the hypoxic event, likely experiencing high mortalities
as a result. Common snook as a euryhaline species, however, had the ability to leave the areas
affected by this event. Additionally, spawning migrations may have already resulted in
movement of many of the common snook to the lower portion of the estuary prior to Hurricane
Charley. The continued high flows may have provided a substantial habitat base leading to
greater use of the river by common snook contributing to the increase in common snook
abundance during late 2005.
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During sampling events immediately following the passage of cold fronts, a lower abundance of
common snook was detected compared with the preceding and following seasons. After the
extreme freeze event in 2010, no common snook were collected in the mainstem during regularly
schedule winter sampling. Sampling one month later, and particularly by summer and fall,
snook abundance returned to levels seen prior to the freeze. During the cold event, common
snook likely left the study area to seek deeper water downstream or outside of the mainstem
areas sampled. Largemouth bass abundance appeared to be unaffected by the extreme cold
event.

The authors conclude that the natural disturbances occurring during the study mark major
changes in the abundance patterns of large predators in the Peace River. They state that the
findings illustrate the acute effects of environmental events on the abundance of sport fishes and
highlight how fishes may respond differently to events in a highly dynamic coastal river system.

2.9 A Water Clarity Evaluation and Tracking Tool for the Estuarine Waters of
Lemon Bay, Charlotte Harbor and Estero Bay, Florida (Wessel et al., 2013)

This article appeared in a Charlotte Harbor National Estuary Program (CHNEP) special issue of
the journal Florida Scientist entitled “The State of Our Watersheds and Estuaries”. The
objective of the study was to develop a water clarity evaluation and tracking tool to identify
potential deviations from reference period conditions that resulted in stable or increasing
seagrass areal extent throughout CHNEP estuarine waters without explicitly identifying the light
requirements of seagrass. The tool was developed so that it could be adapted to work with any
index of light attenuation and provide a convenient format for reporting on the condition of water
clarity in estuarine waters to natural resource decision makers and the general public.

The period 2003-2007 was chosen as the reference period. The 30" and 70" percentile values
from the distribution of light attenuation values in this period were selected as benchmarks from
which to evaluate light attenuation data on an annual basis. A scoring method was developed to
evaluate yearly water quality data for each Charlotte Harbor segment at the benchmark points for
each estuarine segment. The scoring system uses a rating scale that varies between -2 and 3. The
resulting scores are tabulated and the numerical values reported as color coded grades. The color
coded grading system and reporting format was developed to convey the results of annual water
quality grades to managers and the public in a convenient format. The generated output can be
easily integrated into public media formats including the Water Atlas.

The authors conclude that while the scores and grades used were based on empirical light
attenuation data, the tools developed for evaluation and reporting are easily transferable to model
based estimates, provided historic water quality data can be used to adequately hindcast model
estimates for the reference period. The authors recommend that the monthly sampling be
continued at that frequency since the evaluation tool would be sensitive to changes in temporal
sampling frequency. As a final recommendation, the authors suggest the evaluation tool be re-
evaluated after data are collected through 2012 to assess the sensitivity and concordance of the
grades with additional data collected on recent trends in seagrass acreage.
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2.10 Retrospective Analysis and Sea Level Rise Modeling of Coastal Habitat
Change in Charlotte Harbor to Identify Restoration and Adaptation
Priorities (Geselbracht et al., 2013)

This article appeared in a Charlotte Harbor National Estuary Program (CHNEP) special issue of
the journal Florida Scientist entitled “The State of Our Watersheds and Estuaries”. The purpose
of the study was to spatially characterize and quantify both past and future changes in coastal
habitats throughout the Charlotte Harbor system to support effective resource management,
restoration and climate change adaptation decisions.

The authors conducted a comparative geospatial retrospective analysis of coastal habitat change
in the study area over the period 1945 to the most recently available data, which ranged from
1999 to 2007 depending on the location and habitat type. Distributions of saltmarsh, mangrove
swamp, tidal flat, seagrass and oyster reef habitat from the period 1945 to 1982 to the most
recent distribution information available. Additionally, the authors performed a prospective
coastal system analysis by modeling the impacts of sea level rise using the Sea Level Affecting
Marshes Model (SLAMM). The modeling was conducted for the years 2000 through 2100 using
three different sea level rise scenarios (0.7 m, 1.0 m, and 2.0 m). Four subsites were established
to accommodate varying tidal elevations within the Charlotte Harbor system. These included
Peace and Myakka River Estuaries, Estero Bay, Caloosahatchee Estuary and Cape Haze. The
remainder of the study locations outside of the four subsites was termed the “global site”.
Geospatial analysis was then used to compare historic changes in coastal wetland distributions to
SLAMM simulated future changes to allow comparisons to an earlier study by Harris et al
(1983).

The results of the restrospective analysis indicated that throughout the study area, from 1945 to
the most recent available period, saltmarsh and tidal flat habitat increased substantially, while
seagrass, mangrove swamp and oyster reef habitat decreased substantially. The authors note,
however, that the large increase in tidal flat extent is more likely due to differences in methods
and conditions between years than a real gain in tidal flat habitat. Additionally, changes in
extent of coastal habitats for sub-area did not always follow the pattern of change observed for
the study area as a whole. For the period 1982 to the most recent available period, throughout
the study area, seagrass habitat remained relatively stable, saltmarsh increased substantially and
mangrove swamp and oyster reef declined.

The results of the prospective SLAMM analyses indicate substantial changes in coastal wetland
systems under all three sea level rise scenarios. The modelling results predicted net losses of
tidal flat, coastal forest and inland freshwater marsh under all three scenarios. Mangrove swamp
and saltmarsh decreased under the fastest rate of sea level rise modeled. The authors note that
the prospective analysis did not address seagrass or oyster reef habitat as SLAMM does not
address these habitat types. The authors state that seagrass may be able to expand substantially
as sea level rises and that oyster reefs may have similar opportunities, but are less likely to
expand without human intervention.
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The results of these analyses, the authors state, can be used to identify where specific types of
coastal wetland restoration are most needed in the Charlotte Harbor study area and support the
climate change adaptation planning an implementation underway in the region.

2.11 2013 HBMP Annual Data Report (Atkins, 2014)

This data report represents the 18" Annual Data Report submitted under the expanded
Hydrobiological Monitoring Program (HBMP) initiated in 1996 in compliance with Water Use
Permit 20010420. The report summarizes and compares data collected during 2013 with similar
HBMP information previously compiled during various elements of the ongoing long-term
monitoring program.

The report notes that, in making comparisons of the 2013 data with similar data collected over
the preceding 37 vyears, it should be considered that rainfall/flow have annually varied
considerably during the recent historic period. The very wet winter/spring El Nifio of 1997/1998
was followed by very dry La Nifia conditions that influenced southwest Florida and the entire
Peace River watershed between 1999 and early 2002. A weaker EI Nifio occurred at the end of
2002, and freshwater flows during 2003, 2004 and 2005 were generally above average. Rainfall
in the Peace River watershed during the 2006 to 2009 interval, by comparison, was well below
average, while seasonal rainfall patterns since then have returned to more normal conditions.
More recent seasonal rainfall patterns during both 2010 and 2013 were near or above normal,
while the drier seasons of 2011 and 2012 were well below normal.

Flows — Average mean daily Peace River flow of the three combined gages upstream of the
Facility during 2013 was 1339.2 cfs, which was above the 1151.4 cfs average over the 38 years
of HBMP monitoring (1976-2013). In comparison, the average flow during 2013 was well
above the annual average flow of 524 cfs over the four-year interval between 2006 and 2009.
However, it was also well below the average flow of 2046 cfs over the much wetter five-year
interval between 2001 and 2005. Overall, annual mean flow upstream of the Facility during 2013
was 116.8 percent of the average daily flow over the preceding long-term 1976-2012 period.

Withdrawals — Total Peace River Facility withdrawals during 2013 were approximately 4.5
percent of the total gaged freshwater flow measured at the USGS Arcadia gage, 3.2 percent of
the upstream gaged flow at the Facility, and 2.6 percent of the combined average daily inflows
upstream of the U.S. 41 Bridge. During the entire period of Peace River Facility withdrawals
(1980-2013), total combined withdrawals have been approximately 1.9 percent of the
corresponding gaged Peace River at Arcadia flows, 1.4 percent of total gaged flow upstream of
the Facility, and only 1.1 percent of the combined daily freshwater flows of the Peace River, and
Horse, Joshua, and Shell Creeks.

There were a number of days during 2013 when Peace River Facility withdrawals exceeded the
seasonally designated maximum percent allowed by the April 2011 revised permit withdrawal
schedule. Such exceedances of the permitted percent withdrawals primarily result from
subsequent USGS revisions of the provisional daily flow information available to the Authority
at the time of actual withdrawals. During 2013, the facility did not withdraw any water from the
river on 114 days or approximately 31 percent of the time.
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Water Temperature —Monthly mean water column temperatures in 2013 followed the strong
seasonal pattern typically observed in south Florida. Often, the highest water temperatures in the
more upstream, shallower, freshwater reaches of the estuary reach their highest levels in May
and then remained similar up until August. By comparison, average water column temperatures
in the downstream areas, more influenced by the harbor, often don’t reach their highest annual
temperature values until July. During 2013, the highest average water column temperatures
occurred throughout the lower river/upper harbor estuary during June. The 2013 data clearly
shows relatively normal cold conditions during at both the start and end of the year associated
with typical winter cold fronts.

Dissolved Oxygen — Previous results have indicated that within the downstream reaches of the
river between River Kilometers -2.4 and 10.5, there is typically a wet-season depression of
average water column dissolved oxygen levels in response to increased wet-season flows. This
seasonal pattern typifies the widely documented hypoxic/anoxic conditions that typically occur
in upper Charlotte Harbor as a result of the extreme water column stratification that commonly
occurs near the mouth of the river and upper regions of the harbor during the summer. This
typical observed seasonal depression of average water column dissolved oxygen concentrations
in this reach of the lower river is generally more intense and of greater duration than that
observed at the more upstream monitoring sites. During 2013 (as typically observed in previous
years) average water column dissolved oxygen levels generally declined as water temperatures
increased, reaching their lowest levels during the summer wet-season between June and
September throughout both the lower river and upper harbor as both water temperatures and
flows increased. The 2013 summer, wet-season column profile data (as has occurred since 2010)
indicated the return of normal hypoxic/anoxic dissolved oxygen levels in the upper harbor.

Light Extinction — The 2013 HBMP data indicate that both the timing and magnitude of the
ability of light to penetrate into the water column (1 percent depth) exhibits both strong temporal
(seasonal) and spatial differences among the “fixed” monitoring sites along the HBMP lower
Peace River/upper Charlotte Harbor sampling transect. In many other estuarine systems, the
extinction of light is often highly influenced by ambient chlorophyll a concentrations
(phytoplankton biomass). However, light extinction in the lower Peace River/upper Charlotte
Harbor estuarine system is often primarily mediated by water color due to the “black water”
characteristics of freshwater inflows from the Peace River watershed. Water clarity during 2013
(as in previous years) was the greatest in the lower river and especially in the upper harbor
during both the typical spring dry-season and other periods of lower flows.

Conductivity/Salinity —Seasonally spatial conductivity patterns in the tidal lower Peace River
during the very dry first five months of 2013 were similar with previous spring dry-season and
late fall conditions over much of the previous decade, when brackish conditions in the lower
river extended upstream even beyond the Peace River Facility intake.

Inorganic Nitrite+Nitrate Nitrogen — In the Charlotte Harbor estuarine system inorganic
nitrite+nitrate nitrogen concentrations are typically the lowest during the peak of the spring dry-
season, when high light and water temperatures result in increased phytoplankton production and
freshwater inflows are low. Concentrations rapidly increase in the lower salinity reaches of the
estuary with higher flows as nitrogen is carried from the watershed and increasing color reduces
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light penetration of the water column and limits phytoplankton growth. The data typically
indicates a distinct spatial gradient within the lower river/upper harbor estuarine system with
higher levels of inorganic nitrogen progressively occurring upstream. During 2013 inorganic
nitrogen concentrations were low or at near detection limits during the extended spring/early
summer dry-season (April/May). Overall, nitrite+nitrate nitrogen levels in 2013 were similar
with the longer-term averages at each of the five fixed stations.

Total Kjeldahl Nitrogen — Typically, total Kjeldahl nitrogen concentrations in the lower Peace
River/upper Charlotte Harbor estuarine system are generally the highest during the summer wet-
season, reflecting the influences of increased freshwater inflows. Overall, during 2013 the
annual average Kjeldahl concentrations at each of the five monitoring locations were very
similar to their historic long-term averages.

Ortho-Phosphorus — Inorganic phosphorus concentrations in the Peace River Estuary follow
patterns typical of conservative water quality constituents (reflecting dilution rather than
biological uptake). Estuarine phosphorus concentrations are primarily influenced by dilution of
high ambient levels in Peace River freshwater by saline Gulf water moving up the harbor. Thus
the HBMP monitoring data typically indicates distinct spatial patterns in inorganic phosphorus
concentrations among the sampling sites, with concentrations being markedly higher upstream
than downstream. Following Hurricane Charlie in August 2004 (and the subsequent Hurricanes
Frances and Jeanne in September 2004), the data indicated that there were atypical marked
increases in inorganic phosphorus levels associated with high levels of hurricane related flows
from the Peace River watershed. During the wetter than average conditions in 2005, inorganic
phosphorus patterns in the lower river/upper harbor estuarine system returned to more typical
seasonal patterns. However, during the dry conditions that characterized the 2006-2008 period,
phosphorus concentrations in the lower river/upper harbor estuarine system returned to higher
levels not seen in over two decades. Phosphorus concentrations then began to decline during
2009 and have continued to decline to previous observed lower levels. Seasonally, inorganic
ortho-phosphorus in 2013 at the five fixed monitoring sites were similar to levels observed prior
to the recent observed increase.

Silica — Historically, annual reactive silica concentrations in the Peace River Estuary
characteristically have indicated a number of differing temporal and spatial patterns. During the
spring dry-season silica levels were normally at their annual lowest concentrations throughout
the lower Peace River/upper Charlotte Harbor estuarine system corresponding to depressed flow
inputs and periods of increased chlorophyll a biomass (potentially reflecting uptake by diatoms
in the phytoplankton). Then usually during May and June, as water temperatures increased and
the start of the summer wet-season began, concentrations characteristically rapidly increased
throughout the estuary. However, reactive silica concentrations during 2013 continued to reflect
the recently observed pattern of increased levels noted in previous HBMP reports, with peak
silica levels near seasonally historically high levels.

Chlorophyll a —Phytoplankton biomass (chlorophyll @) patterns in the lower Peace River/upper
Charlotte Harbor Estuary are normally characterized by several seasonal peaks throughout the
year that differed both seasonally and spatially among the HBMP “fixed” sampling locations.
Typically chlorophyll a phytoplankton biomass in the lower Peace River/upper Charlotte Harbor

Peace River/Manasota Regional 2-19 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 2 — Summaries of Recent Relevant Reports

Estuary show distinct increases both during the spring with increasing light and water
temperatures and during the late fall after wet-season flows have increased nitrogen levels and
associated high color levels begin to decline. Chlorophyll a increases (blooms) during 2013 were
influenced by both the seasonally low streamflow during the first five months of the year, as well
as the high flows during the summer wet-season that resulted in phytoplankton “blooms”
stimulated by nitrogen inputs in both the higher and intermediate salinity reaches of the lower
river/upper harbor estuary.

The graphical and summary analyses presented in the document do not indicate any substantial
changes, or atypical events in either the physical or biological data collected during 2013, other
than those previously noted. These include:

e Freshwater inflows during 2013 were influenced by wetter than usual conditions during the
typical summer wet-season.

e The previously noted long-term increase in reactive silica concentrations noted at the lower
Peace River/upper Charlotte Harbor monitoring locations indicated some decline during
2013.

e Inorganic phosphorus concentrations in the freshwater entering the estuary had increased in
recent years, following decades of major declines that began in the late 1970s. However,
observations since 2009 have shown that levels have substantially declined again to levels
near where they were prior to the observed recent increase.

e The observed recent increases in silica and phosphorus seem to have been linked to the
previous closure of phosphogypsum stack systems in the Whidden Creek basin, located in the
upper Peace River watershed.

The “limited” analyses presented in the 2013 HBMP Annual Data Report do not suggest that
there have been any long-term, systematic changes resulting from either current or historic water
withdrawals by the Peace River Regional Water Supply Facility.

2.12 The Optical Model Spectral Validation and Annual Water Clarity Reporting
Tool: Final Report (Dixon and Wessel, 2014)

To further its goals to protect and restore water quality under the Comprehensive Conservation
and Management plan (CCMP), the Charlotte Harbor National Estuary Program (CHNEP) is
analyzing management tools. The extent of seagrass in the CHNEP study area is a valuable
natural resource and a focus of the CHNEP CCMP. The authors state that the continued focus on
science-based management tools for seagrass will help to ensure the protection of the vital
resource. The purpose of the CHNEP Optical Model Spectral Validation and Annual Water
Clarity Reporting Tool Refinement Project was to provide the CHNEP with an empirical optical
model in which diffuse attenuation coefficients of photosynthetically activated radiation (PAR,
Kapar) could be reproducibly computed from the water quality monitoring parameters of color
or colored dissolved organic matter (CDOM), chlorophyll a, and turbidity.
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A spectrally explicit optical model was calibrated for each of the 14 seagrass management
segments of Charlotte Harbor. Calibration statistics indicated that modeled and observed Kgpar
demonstrated good agreement within the range of target depths and water quality conditions
relevant to the success of seagrasses in the CHNEP study area. The predicted Kgpar Values
resulting from the optical model were used to generate annual water clarity scores similar to a
previously developed CHNEP Water Clarity Reporting Tool. Comparisons of selected
percentiles of individual years to reference period percentiles permitted the assessment of
changes in water clarity. Overall scores were computed and categorized based on whether a
segment had been designated as a seagrass “Protection” or a “Restoration” target. The authors
state that the water clarity estimation tool provides an important and easy to understand method
of disseminating complex, non-linear attenuation processes to both public and managers alike.
Comparisons of future scores to the reference period are valid as long as the design frequency
and spatial density of the monitoring program remain essentially unchanged from the reference
period.

2.13 An Analysis of the Relationships of Freshwater Inflow and Nutrient Loading
with Chlorophyll Values and Primary Production Rates in the Lower Peace
River (Atkins, 2014)

The objective of the project detailed in this report was to statistically analyze long-term data to
determine if improved relationships could be developed between chlorophyll a (and related
primary production estimates) and seasonal variations in freshwater inflow to the lower Peace
River and upper Charlotte Harbor estuarine system. Data sources included the long-term Peace
River HBMP, daily USGS flow data, District water age data, watershed water quality
information from multiple sources (used to estimate nutrient loading rates), and daily solar
radiation information from multiple sources. The report was prepared for the District, whose
primary interest in the effort centered on expanding and potentially identifying probable sources
of temporal/spatial variability in chlorophyll biomass/primary production beyond that previously
presented in HBMP reports, and initial effort during the establishment of the existing MFL for
the lower Peace River.

The project consisted of six tasks, and this report represents the last of the tasks involving data
synthesis and interpretation. The goal of the final task was to summarize the findings of the
analyses from the prior five tasks, specifically addressing how phytoplankton chlorophyll a
biomass and estimated rates of primary production with differing reaches of the study area
seasonally vary as a function of natural variability in the rate of freshwater inflow. The report
provides a summary of each of the five prior tasks and appendices for each of tasks 1-5
containing technical memos describing the methods and results of each task.

The first task of the project involved obtaining and using available USGS/District/FDEP and
HBMP data to update inflows and nutrient concentration information for each of the lower Peace
River upstream freshwater tributaries, as well as for the HBMP site at river kilometer (RK) 30.7
(Station 18). The data were utilized to assess relationships between nutrients and flows, as well
as compute nutrient loading rates for each of the lower Peace River four primary tributaries. The
Task 1 memo (Appendix A of Atkins 2014) presented tabular results and summary graphics.
Statistically significant correlations were present at most of the sites for most of the water quality
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constituents analyzed. Most of the significant correlations were either weak or moderate. Water
color was found to have the strongest correlation, and TKN typically exhibited moderate to
strong positive responses, with inflow. Various methods for nutrient load estimation were
compared, and the monthly average method was selected for use in subsequent analyses.

Task 2 of the project collated solar insolation data from the District, Environmental Quality Lab,
UF IFAS, and Mote Marine Lab. The task included the development of statistical relationships
among the four datasets to determine the best option(s) to compile the best complete data base
for solar insolation for the period 1983 to 2011. Additionally, the task involved preparing an
overall summary database of HBMP chlorophyll a/primary production, nutrient, physical, and
color information. Basic statistical summaries were computed and seasonal variations and
univariate relationships with freshwater inflows were assessed. The methods and results were
detailed in the technical memos in Appendix B of the report.

Task 3 had the objective of merging water age values generated by the District with chlorophyll
a and primary production values from project Task 2. Relationships of water age with
chlorophyll a in various reaches of the Peace River were determined, and analyses were
conducted to determine if critical rates of water age might influence chlorophyll a concentrations
in the lower river. Appendix C of the report provides the full technical memo describing
methods and results for this task. Graphical analyses of chlorophyll a versus predicted water age
did not show consistent strong, distinctive patterns within any of the tested intervals along the
lower river transect examined. The authors conclude that the lack of strong patterns in the
presented analyses suggest that further improvement may require a multivariate modeling
approach (Task 5).

The objective for Task 4 of the project was to develop a statistical based model to predict the
location of the chlorophyll maximum as a function of combined gaged freshwater inflow. The
Task 4 methods and results are detailed in Appendix D of the report. Lag flow terms for 5, 10,
and 15-day average flow were calculated for each sampling date. Linear regressions and power
models were evaluated in terms of statistical significance, explanatory power and model fit with
the data. The results of the linear regression exhibited poor model fits. The fit and statistical
power of the nonlinear equations were stronger; the observed best fit came from using the 5-day
lag average flow term.

Task 5 of the project included using graphical and multivariate analytical procedures to assess
and determine if specific relationships could be established seasonally between estuarine
chlorophyll a levels and upstream gaged freshwater inflows (and other measured
physical/chemical parameters) in various reaches of the study area. A detailed description of
methods and results is contained in Appendix E of the report. The task involved multiple steps
including: 1) statistical testing of correlations, 2) simple graphical analyses, 3) 3-D graphical
analyses of chlorophyll relative to potential influences using SAS scatter and interpolated surface
response approaches, and 4) multivariate statistical analyses including principal components
analyses (PCA), and a combined application of the SAS RSREG and STEPWISE analytical
procedures. Additionally, factors influencing the high degree of observed variance in
phytoplankton population dynamics along the lower Peace River estuary were examined
graphically. The graphics indicate that there are general overall temporal/spatial seasonal
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patterns in annual estuarine chlorophyll levels but there is tremendous interannual variability.
The variability is driver primarily by the specific physical/water quality conditions created both
by immediate and preceding longer term patterns in freshwater inflows which vary in both
timing and magnitude among years. Thus, the authors conclude, the development of accurate and
predictable simple statistical models of the relationships between freshwater inflows (and
interactions with other physical/chemical parameters) is probably realistically unattainable.

The final chapter of the report provides the data synthesis and integration of the results from the
five prior tasks. The chapter assesses the temporal/spatial influences of freshwater inflows, the
potential influences of freshwater withdrawals on estuarine phytoplankton levels, and the
potential influences on future changes in the timing of withdrawals. Temporal/spatial influences
are details, largely revolving around changes in the limiting nutrient in the study area (nitrogen).
Seasonal changes in inflow influence the availability of inorganic nitrogen forms, thus affecting
primary production. Additionally, seasonal changes in water temperature, water color, and
residence time also influence both the availability of nutrients and primary production.

While the various analyses provided insight into the primary factors influencing the seasonal
timing and relative locations of seasonal phytoplankton increases in the estuary, applied
graphical and statistical multivariate techniques failed to result in applicable predictive models
that could then be used to assess potential temporal/spatial changes in chlorophyll levels due to
withdrawals from the river. The report thus turned to a conceptual consideration of whether
current (or future) withdrawals have the potential to influence the existing variability observed in
the spatial/temporal distribution and magnitude of phytoplankton densities in the estuarine
system. The report identifies three conceptual major mechanisms by which freshwater
withdrawals have the potential to influence chlorophyll levels: 1) decreasing water color, 2)
reducing nitrogen loadings, and 3) changing residence times.

Task 5 analyses indicated that peak early summer phytoplankton blooms in the lower river
typically coincided with water color levels ranging from 125 to 225 PCU. The upper color level
is approximately in the range where the Peace River Facility is physically limited by its pumping
capacity to taking 10 percent or less of upstream inflows. Thus, it is unlikely that current
Facility withdrawals could reduce color levels enough to result in greater phytoplankton biomass
in the lower river.

The report notes that, historically, many estuarine systems worldwide have seen large declines in
freshwater inflows due to damming or major diversions and have also experienced substantial
changes in economically/recreationally important species often linked to declines in nutrient
loadings and phytoplankton production. While Peace River Facility withdrawals have increased
over the past decade, as a percentage of upstream flows they still remain a small percent of the
levels that have resulted in major changes in other estuarine systems. The authors thus conclude
that the current levels of withdrawals are unlikely, when considered on an annual basis, to result
in substantial changes in overall estuarine phytoplankton production. However, the authors do
note that one season (early summer where initial wet-season flows may only be moderate and
intermittent) should be considered separately. Such periods are important times of
phytoplankton production in the middle reaches of the lower river and also a period when
permitted withdrawals experience a significant jump from 16% to 28% of flows once flows reach
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625 cfs. Thus, at least conceptually, withdrawals can take large percentages of relatively
moderate flows following the typically driest months of the year when phytoplankton production
is responding to the first inflows of limiting nitrogen to the system. There is the potential for
withdrawals to briefly reduce phytoplankton production within these areas of the lower river.

With the current schedule of withdrawals, Facility withdrawals have the greatest potential to
influence residence times during periods of low (above the minimum cutoff) to intermediate
freshwater inflows. Because the spring blooms, occurring under lower flow conditions, occur
during a time interval where the Facility is typically not withdrawing, or withdrawing relatively
small amounts, it seems unlikely that any changes in residence time due to withdrawals should
have much influence on the spring phytoplankton increases since they are typically of short
duration and magnitude. Similarly, spring phytoplankton increases in the most upstream reach
of the monitoring transect also take place when water ages are relatively long and should be
unaffected. Relative to the late spring/early summer increases often seen in the middle reaches
of the lower river, it is more likely that the potential negative influences of nutrient withdrawals
exceed any enhanced changes due to slightly longer residence times.

The report concludes with a discussion of factors that individually and combined have the
potential to shift the timing of Facility withdrawals away from lower flows and more toward
periods of higher flows. High conductivity groundwater regionally associated with agricultural
discharges to tributary basins upstream of the Facility continue to have the potential to influence
both existing and planned future water supplies. There are periods each year when flows exceed
the minimum cutoff but conductivity criteria for Authority withdrawals are not met. While the
pattern has not limited withdrawals, it is one of the factors that has the potential to move
withdrawals towards periods of higher flows when conductivity levels rapidly decline.

The timing of future withdrawals may also be influenced by combined anthropogenic and natural
influences on upstream inflows. Long-term declines in the potentiometric surface of the upper
Florida aquifer have resulted in historic losses of flows from springs and seeps in geologically
karst areas of the upper Peace River watershed, which have been one of the factors seasonally
resulting in apparent declines in river base flows. Other hydrologic alterations in some
phosphate mined or reclaimed areas in the regional watershed are also noted. Base flows in the
watershed have also been affected by changes in discharges and drainage alterations associated
with both increasing urbanization and agriculture. The report states that combined natural and
anthropogenic influences have affected the annual percent of time when combined gaged flows
upstream of the Facility have been less than 200 cfs. Should the pattern of increasing frequency
of lower flows continue, it will lead to a higher reliance on intermediate to higher flows.

Finally, the report considers the influence of future sea-level rise on the timing of facility
withdrawals. Analyses showed that, given the Facility’s conductivity criteria for withdrawals,
the “best and median case” projections for 2025/2035 sea level rise would be expected to have
comparatively small influence on overall operations. However, the “worst case” estimate for
2035 and the projected “median expected” rise in sea-level rise by 2050 would begin to reduce
the Facility’s ability to withdraw water under moderate flow (400-500) cfs conditions. Toward
the latter half of the century, increases much above the “best case” scenario could be expected to
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result in large changes in the ability of the Authority to withdraw water over extended portions of
the year.

The report concludes that the combined potential influences can be expected to move
withdrawals toward a greater reliance on periods of higher flows. Task 5 analyses indicated that
during such periods, estuarine chlorophyll levels are primarily controlled throughout the lower
river/upper harbor by the combined influences of low residence times and high water color. Any
influences of withdrawals during higher summer flows will be shifted further down into the
middle/lower regions of the harbor.

2.14 Seasonal Differences and Responses to a Tropical Storm Reflected in
Diatom Assemblage Changes in a Southwest Florida Watershed (Nodine
and Gaiser, 2015 Ecological Indicators)

For this study, the authors examined diatom assemblages in the Charlotte Harbor estuary to
investigate three main questions: 1) are there differences between diatom assemblages between
the wet and dry seasons in a coastal, hydrologically-dynamic watershed; 2) do tropical cyclones
alter community composition, and if so, on what time scale?; and 3) what are the key
environmental drivers of these changes? Sampling sites extended from Charlotte Harbor
upstream through the Caloosahatchee, Myakka and Peace Rivers. Samples were collected during
the peak of the dry season and at the end of the wet season in 2012 in order to capture maximal
differences in base freshwater flow. In June of that year, Tropical Storm Debby generated
approximately 5-10 inches of precipitation over parts of the Charlotte Harbor watershed and
cause minor regional flooding. To evaluate changes that occur quickly following a severe
rainfall event, samples were also collected within a few days of the storm’s passage as well as
approximately two weeks later. Diatom samples included planktonic, tychoplanktonic, and
benthic taxa; all taxa were analyzed together as a single assemblage from each site. Water
quality data including conductivity, salinity, total phosphorus (TP), total nitrogen (TN), and total
organic carbon (TOC) were also analyzed from each site.

Species richness and diversity were found to be not significantly different among sampling times
and many of the dominant taxa were prevalent at all sampling times. Nonmetric multi-
dimensional scaling (NMDS) ordinations reflected the taxonomic overlap among sampling times
and multi-response permutation procedures (MRPP) revealed that diatom assemblages were not
significantly different between the wet and dry seasons but were different between storm-effect
and no storm-effect periods. Dispersion analysis showed that dissimilarity among diatom
assemblages was lower following the storm compared to the seasons with no storm effect, in the
whole watershed as well as in each sub-basin. All sub-basins had the highest dispersion index
values in the wet and dry seasons, with lower values following the storm; however, Harbor sites
had the lowest dispersion immediately after the storm, and dispersion increased two weeks later,
while in the Caloosahatchee and Peace Rivers, dispersion decreased immediately after the storm
and was further reduced two weeks later. Analysis of similarity (ANSOSIM) indicated the
diatom assemblages were significantly different across the watershed between the dry season and
the wet season and between the dry season and two weeks following the storm, but not between
other sample periods. Indicator species were identified for the wet and dry seasons, as well as
for the post-storm sampling events for each sub-basin and in the watershed as a whole.
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MRPP of environmental characteristics were significantly different between both wet vs. dry
season and between storm-effect and no storm-effect periods. ANOSIM indicated environ-
mental conditions differed between the dry season and all other sample periods, but there were
no significant differences among post-storm samples and the wet season. Environmental
changes showed different patterns in the sub-basins. Salinity across the watershed decreased
from the highest values in the dry season to lower values following the storm that were
maintained in the wet season. One site in the mid-Peace River had relatively high concentrations
of TN in the dry and wet season and showed a large reduction following the storm that persisted
for the two weeks after the storm. Other sites across the watershed had highly variable patterns
of TN concentration. Most sites across the watershed had elevated TP concentrations following
the storm and maintained comparatively low levels in the dry and wet seasons. The Peace River,
which is naturally enriched in TP, had a flashier TP response pattern, with concentrations that
increased in the days following the storm but dropped two weeks later and returned to elevated
concentrations in the wet season. Most sites across the watershed showed increases in TOC
following the storm with relatively low levels in the dry and wet seasons. Salinity and
conductivity maintained a relatively high and stable correlation with the diatom assemblage at
each sampling time, but relationships with nutrient concentrations changed.

By evaluating the correlation of environmental variables with the diatom assemblages in each
sub-basin, the authors conclude that diatom assemblages relate to different variables at different
times, and that these controls vary across the watershed. Kendall’s tau correlation coefficients
indicate that the strength of the dependence of diatom assemblages on nutrient concentrations
varies in relation to season and freshwater flow. TP, for example, has been shown to have a
significant relationship with diatom assemblage differences in the watershed, but this study
demonstrates that the time and spatial scale of this relationship is important. The authors
conclude that changes in dispersion may provide a tool for interpreting changes on longer time
scales, through analysis of diatom assemblages in sediment cores. The identification of periods
of lower dispersion occurring prior to anthropogenic impacts may enable the identification of
times of intense storm activity that pre-date modern records, providing information that can be
used to identify long-term patterns and climate cycles that can improve predictions of future
changes.

2.15 2012 Annual Report Horse Creek Stewardship Program (Cardno 2015)

This report is the tenth annual report summarizing the status of the Horse Creek Stewardship
Program (HCSP). The HCSP is funded and managed by Mosaic and has two purposes. First, it
provides a protocol for the collection of information on the physical, chemical and biological
characteristics of Horse Creek during Mosaic’s mining activities in the watershed, thus allowing
the detection of any adverse conditions that may result from mining. Additionally, it provides
mechanisms for corrective action should detrimental changes or trends caused by Mosaic’s
activities be found. The overall goals of the program are to ensure that the mining activities do
not interfere with Authority withdrawals from the Peace River nor adversely affect Horse Creek,
the Peace River, or Charlotte Harbor. Monitoring began in 2003. This report presents the results
for 2012 relative to data collected since the program inception and also includes historical data
since 1990. Four locations on Horse Creek, two of which are also long-term USGS gaging
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stations, were monitored for physical, chemical and biological parameters. Additionally, rainfall
data were collected daily from three Mosaic gages located in the Horse Creek Basin. Biological
sampling is scheduled for three times each year. The report also includes a summary of mining
and reclamation activities for 2012.

A total of 76 acres was mined in the Horse Creek Basin at the Mosaic Fort Green Mine in 2012.
The report does not cover any mining activities in the Horse Creek Basin that may have been
performed by entities other than Mosaic. Three clay settling areas (CSAS) occur at the Fort
Green Mine. The settling areas have real-time monitoring of pond level which is relayed to the
Authority allowing for an expedited detection and response to any substantial release of
wastewater from the settling areas, should such an event occur.

The report provides methods of collection, and results for a variety of components, including
various water quantity parameters, ambient water quality, NPDES discharge water quality,
benthic macroinvertebrates and fish. Sampling occurred at four Horse Creek locations:

HCSW-1 - Horse Creek at State Road 64 (USGS Station 02297155)
HCSW-2 - Horse Creek at County Road 663A (Goose Pond Road)
HCSW-3 - Horse Creek at State Road 70

HCSW-4 - Horse Creek at State Road 72 (USGS Station 02297310)

A summary of reported results, compiled from the report’s executive summary, are provided
below by category. Water quality and biological results were compared with “trigger values”
established for the HCSP. In addition, results were compared with applicable Florida surface
water quality standards, which in many cases are the same as the trigger values.

Water Quantity - Although low and median Horse Creek discharge in 2012 was average for the
region, rainfall in 2012 was below the long-term average annual rainfall of 52.72 inches (1908-
2012). For 2012, temporal patterns of average daily stream flow and stage were similar across
all stations, with the majority of high flows and stages occurring during May to August, during
the rainy season. In September and October, NPDES contributed up to 75 percent of the
streamflow at HCSW-1 compared to rainfall; in late October 2012, NPDES discharge accounted
for almost all of the streamflow at HCSW-1. NPDES discharge from August to November was
also a lagged response to rain that occurred from late-May to early October 2012; NPDES
discharge from the Horse Creek outfalls usually does not occur until sufficient water storage
accumulates in the circulation system, resulting in a lag. In general, the lower than average
rainfall resulted in lower than average streamflow in Horse Creek, with some lags. There is no
evidence that mining and reclamation activities in the basin caused any significant decrease in
total streamflow in 2012.

Water Quality — Water quality parameters in 2012 were almost always within the desirable
range relative to trigger levels and water quality standards at the station closest to mining
(HCSW-1). Trigger levels were exceeded only once at HCSW-1 in 2012 with an alkalinity
exceedance in November. At HCSW-2, trigger levels were exceeded for dissolved oxygen
during half of the year. The report notes that the reported values for dissolved oxygen at HCSW-
2 are the result of natural conditions (proximity to hypoxic segment of stream — Horse Creek
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Prairie) and are not related to mining activities. The chlorophyll a trigger level was exceeded
during low-flow periods at HCSW-2 in February, April, May, and December, and the pH
declined below the acceptable trigger level range in October. HCSW-3 exceeded trigger levels
for dissolved oxygen (June-September), calcium (April), sulfate (February-April and June), and
TDS (January-April and June). HCSW-4 exceeded trigger levels for specific conductivity
(June), dissolved oxygen (July and September), calcium (April-June), iron (July-October),
alkalinity (May), sulfate (March-April and June), and TDS (January-June). Dissolved oxygen
triggers were exceeded during summer wet months of 2012, when high temperatures reduce the
oxygen carrying capacity of the stream. Sulfate, calcium, TDS, and other ions were exceeded in
the dry season, when low rainfall and streamflow likely led to increased groundwater inputs from
baseflow and agricultural runoff. Dissolved iron concentrations consistently exceeded the trigger
value set at HCSW-4, but Mosaic and the Authority agree that the trigger value at that station has
been set too low given historical and upstream concentrations of dissolved iron. Based on
impact assessments already completed, the report concludes that none of the observed
exceedances pose a significant adverse ecological impact to Horse Creek that would be
attributable to mining.

Water quality parameters were compared with water quantity variables recorded during the same
month: average daily streamflow for the month, average daily NPDES discharge for the month,
and total monthly rainfall. In general, pH, dissolved oxygen, and most dissolved ions were
higher when the overall quantity of water in the Horse Creek system was low. Specific
conductivity, calcium, alkalinity, sulfate, and TDS showed the opposite pattern with NPDES
discharge at HCSW-1. Conversely, turbidity, color, iron, and nitrogen were high when the water
quantity was also high. When water quantity in Horse Creek is low, the stream may be pooled or
slow-moving, leading to algal blooms that may increase pH and chlorophyll a. In addition, the
majority of water in the stream during low quantity periods may be from groundwater (seepage
or agricultural runoff); groundwater has a higher concentration of dissolved ions than surface
water. When water quantity is high, an increased amount of sediment and organic debris is
washed into the stream, leading to increases in turbidity, color, iron, and nitrogen.

While program triggers were exceeded for several parameters in 2012 and several parameters
had statistically significant trends from 2003 to 2012, the exceedances and trends were
concluded to be not of immediate concern.

Benthic Macroinvertebrates - Benthic invertebrate habitat assessment scores were “Optimal”
to “Sub-optimal” and SCI scores were “Healthy” or “Exceptional” at all stations in 2012; these
scores are typical of southwestern Florida streams, including those used to develop the Habitat
Assessment and SCI indices. Benthic invertebrate taxa diversity and SCI metrics in Horse Creek
exhibit both seasonal and year-to-year variation. Overall, taxa diversity indices and SCI metrics
show few monotonic trends over time and are very similar between sampling events and stations.
However, HCSW-2 has slightly lower diversity and significantly lower SCI metrics than other
stations. Habitat conditions at HCSW-2 are consistently poor, with lower streamflow, dissolved
oxygen, and pH than other Horse Creek stations. The source of the poor conditions are related to
the lower than average streamflow and rainfall of the previous few years and the presence of
Horse Creek Prairie, the large marsh located upstream of the biological sampling station.
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Fish - During 2012, 25 species of fish were collected from the four Horse Creek sampling
stations. In 2012, one new fish species was collected at HCSW-4, the Orinoco sailfin catfish.
Fewer fish species were collected at HCSW-1 during two sampling events in 2012 than the other
stations because of the unique characteristics of that sampling location. In addition, water levels
and streamflow were fairly high during biological sampling at all stations in October which led
to HCSW-2 not being sampled; higher water levels did not allow for some habitats to be reached
by our sampling equipment. Abnormally cold winters in 2009 — 2010 and 2010 — 2011 may
have led to decreased fish diversity at some stations in 2010 and 2011, with evidence of recovery
and recruitment in 2012. Over the period of record, fish richness and diversity was lowest at
HCSW-2, with no significant annual trends. Fish communities were similar for all years when
stations were combined and for all stations when years were combined. Catch per effort is
variable over time and dependent on sampling technique, a station’s physical characteristics,
water levels, and available recruitment sources. No trends were evident in the abundance of fish
from exotic and native fish groups.

2.16 2015 Regional Water Supply Plan Southern Planning Region (SWFWMD
2015)

This volume of the Regional Water Supply Plan (RWSP) for the Southwest Florida Water
Management district (District) is an assessment of projected water demands and potential sources
of water for the period 2015 to 2035 in the Southern Planning Region, which includes DeSoto,
Manatee and Sarasota counties and the portion of Charlotte County within the District. The
purpose of the RWSP is to provide the framework for future water management decisions. The
RWSP assesses demand and water availability and identifies potential options and associated
costs for developing alternate sources as well as fresh groundwater.

Chapter 1 of the RWSP provides an introduction to the Southern Planning RWSP, an overview
of the District’s accomplishments in implementing the objectives of the prior (2010) RWSP,
description of the region including land use, population, hydrology and geology of the area, and
a description of the technical investigations that provide the basis for the District’s water
resource management strategies. The District’s accomplishments since completion of the 2010
RWSP are listed for several categories including: 1) alternative water supply, conservation and
reuse development, 2) support for water supply planning, 3) minimum flows and levels
establishments, 4) quality of water improvement program (QWIP) and well back-plugging, and
5) regulatory and other initiatives. The 2015 RWSP builds on technical investigations
undertaken by the District and the United States Geological Survey (USGS) beginning in the
1970s. Investigations conducted in the Southern Planning region and adjacent areas are listed
and summarized for multiple categories: 1) water resource investigations, 2) USGS hydrologic
investigations, 3) water supply investigations, 4) MFL investigations, and 5) modeling
investigations. Collectively, the investigations provide District staff with an understanding of the
complex relationships between human activities, climatic cycles, aquifer and surface water
interactions, aquifer and surface hydrology, and water quality.

Chapter 2 addresses the resource protection strategies the District has implemented (or is
considering implementing) including water use caution areas (WUCAS), minimum flows and
levels (MFLs), prevention and recovery strategies, reservations and climate change. Water use
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caution areas are areas where the District’s Governing Board has determine that regional action
is necessary to address cumulative water withdrawals that are causing adverse impacts to the
water and related natural resources or the public interest. The District established the Southern
Water Use Caution Area (SWUCA) in 1992; it encompasses all or portions of eight counties in
the southern portion of the District. In 1998, the District initiated an reevaluation of the SWUCA
management strategy, and in March 2006, established minimum “low” flows for the upper Peace
River, minimum levels for eight lakes along the Lake Wales Ridge in Polk and Highland
counties, and a Saltwater Intrusion Minimum Aquifer level (SWIMAL) for the Upper Floridan
aquifer (UFA) in the most impacted area (MIA) consisting of the coastal portion of the SWUCA
in southern Hillsborough, Manatee and northern Sarasota counties. Since most of these water
resources were not meeting their adopted MFLs, the District adopted a recovery strategy for the
SWUCA in 2006. In 2013, the District completed the first five-year review of the recovery
strategy. MFLs for many of the water bodies were still not being met and the District initiated a
series of stakeholder meetings to review results and identify potential recovery options.

Priority water resources with established MFLs in the planning region include the
aforementioned MIA of the SWUCA, the Middle Peace River, Upper Braden River, Lower
Peace River, Dona Bay/Shakett Creek System, and the Upper and Lower Myakka River. Priority
water resources located at least partially in the planning region for which MFLs had not yet been
established or are being revaluated at time of the RWSP include: Upper and Lower Little
Manatee River, Lower Manatee River, Lower Braden River, lower Peace River reevaluation,
Horse Creek, Prairie Creek, and Upper and Lower Shell Creek. A prevention strategy is required
to be developed if within 20 years the flow or level in a water body is projected to fall below an
applicable MFL. A recovery strategy is required to be developed if the existing flow or level in a
water body is below an applicable MFL. The only recovery strategy adopted to date in the
planning region is the District’s SWUCA recovery strategy. The purpose of the SWUCA
recovery strategy is to provide a plan for reducing the rate of saltwater intrusion and restore low
flows to the Upper Peace River and lake levels by 2025, while ensuring sufficient water supplies
and protecting the investments of existing Water Use Permit (WUP) holders.

The RWSP lists possible effects of climate change on water supply planning efforts which
include three primary mechanisms: sea level rise, air temperature rise and changes in
precipitation regimes. Sea level rise is projected to be 2.0 to 8.0 inches locally over the 20 year
planning period of the report; over a 50 year period, the projected increase is 5.2 to 26 inches.
Sea level rise could stress the District’s water resources in a number of ways. Inundation or
upward migration of coastal wetlands may affect their ability to improve quality of stormwater
runoff and provide habitat. Estuarine water encroachment may reduce freshwater withdrawal
periods. Saltwater intrusion reduces water quality in aquifers that supply water users and
municipal sewer systems may experience infiltration that reduces the quality of reclaimed water.
Rising air temperatures would likely increase evaporation resulting in lower surface water levels
and increased irrigation demand. Higher air temperatures may also cause declines in water
quality raising treatment costs for potable water supply.

Chapter 3 quantifies existing and projected water supply demand through 2035 for various water
uses. Demand projections were developed for five sectors; (1) public supply, (2) agriculture, (3)
industrial/ commercial, mining/dewatering and power generation, (4) landscape/recreation and

Peace River/Manasota Regional 2-30 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 2 — Summaries of Recent Relevant Reports

(5) environmental restoration. It is projected that public supply demand will increase by 28.68
MGD for the 5-in-10 (average) condition. For the agriculture sector, trends indicate that
activities are expected to increase significantly in the Southern Planning Region during the
planning period. For the average 5-in-10 condition, total regional agricultural demand, including
non-irrigation demand, is projected to increase by 13.1 percent. Industrial/commercial and
mining/dewatering uses within the District include chemical manufacturing, food processing and
other miscellaneous uses. Demand is projected to change by -57.3 percent, due primarily to a
projected decrease of mining activities in Manatee County. The RWSP projected an increase of
14.3 percent for power generation water demand, occurring solely in Manatee County. The
landscape/recreation sector includes the self-supplied water use associated with the irrigation of
golf courses, cemeteries, parks, medians, etc. A 43.1 percent increase in demand for
landscape/recreation was projected between 2010 and 2035. Environmental restoration
comprises quantities of water that need to be developed and/or retired to meet established MFLSs.
It was estimated that 15 MGD would be needed for recovery of the MOA and was divided
equally between the Heartland, Tampa Bay and Southern planning regions. The number will be
refined as part of the next five-year assessment of the SWUCA Recovery Strategy. Over all
sectors, the projected changes show that 62.97 MGD of additional water supply will need to be
acquired from permitted reserves, developed, and/or existing use retired to meet demand in the
planning region through 2035.

Chapter 4 evaluates the future water supply potential of traditional and alternative sources.
Sources of water that were evaluated include surface water, stormwater, reclaimed water,
seawater desalination, brackish groundwater desalination, fresh groundwater and conservation;
aquifer storage and recovery (ASR) is also discussed as a storage option with potential to
maximize the utilization of surface water and reclaimed water. The amount of water that is
potentially available from these sources is compared to the demand projections for the planning
region presented in Chapter 3, and a determination is made as to the sufficiency of the sources to
meet demand through 2035. The additional quantity of water that will potentially be available
from all sources of water in the planning region from 2015 through 2035 could be as high as
303.63 MGD, with the largest quantity occurring in available but unpermitted surface water.
Based on a comparison of projected demands (overall additional projected demand = 62.97
MGD) and available supplies (up to 303.63 MGD), it is concluded that sufficient sources of
water are available within the planning region to meet projected demands through 2035.

Chapter 5 contains a list of alternative water supply development (WSD) options for local
governments, utilities and other water users that includes surface water and stormwater,
reclaimed water and water conservation. The development of additional fresh groundwater from
the UFA will be limited as a result of environmental impacts from excessive withdrawals and
planned reductions in withdrawals that are part of the SWUCA recovery strategy. However, it
will be possible to obtain groundwater from the surficial and intermediate aquifers under certain
conditions. Options proposing to withdraw brackish groundwater from the UFA may not be
permittable in many areas of the planning region due to their potential to exacerbate existing
resource problems that have resulted from historical groundwater withdrawals. A wide variety
of non-agriculture (residential and industrial/commercial best management practices) and
agriculture conservation options are presented. The planning region encompasses a diverse mix
of land uses providing opportunities for urban, industrial and agricultural reclaimed water use
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and opportunities for storage of excess reclaimed water. Capturing and storing water from
river/creek systems during times of high flow has the potential to meet the 2035 demand and
various options are presented for the Southern Planning Region. Finally, two options for
seawater desalination in the planning region (Port Manatee and Venice) were summarized.

Chapter 6 provides an overview of water supply development projects that are currently under
development and receiving District funding assistance. In addition to the listed projects under
development, the RWSP states that it is probable that additional water supplies are being
developed by various entities in the planning region outside of the District’s funding programs.
Projects are summarized by the following categories: 1) water conservation (non-agriculture and
agriculture), 2) reclaimed water, 3) surface water/stormwater, 4) brackish groundwater
desalination, and 5) ASR projects.

Chapter 7 inventories the District’s ongoing data collection and analysis activities and water
resource projects that are classified as water resource development (WRD). The WRD data
collection and analysis activities include: 1) hydrologic data collection, 2) MFL program, 3)
watershed management planning, 4) quality of water improvement program, and 5) stormwater
improvements (implementation of storage and conveyance BMPs). As of FY2015, the District
has 14 ongoing projects that meet the definition of water resource development “projects”
(regional projects designed to create an identifiable supply of water for existing and/or future
reasonable-beneficial uses). The projects include feasibility and research projects for new
alternative water supply, FARMS projects to improve agricultural water use efficiency, and
environmental restoration projects that assist MFLs recovery.

Finally, Chapter 8 provides an estimate of the capital cost of WSD and WRD projects proposed
by the District and its cooperators to meet the water supply demand projected through 2035 and
to restore MFLs to impacted natural systems. The chapter includes the following: 1) discussion
of the District’s statutory responsibilities for funding WSD and WRD projects, 2) identification
of utility, water management district, state and federal funding mechanisms, 3) discussion of
public-private partnerships and private investment, 4) review of water demands for which water
supply and water resource projects should be developed, 5) projection of the amount of funding
that is expected to be available from the various funding mechanisms, and 6) comparison of
proposed large-scale project costs to the projected funding available. Funding mechanisms
include water utilities, the water management district (Cooperative Funding Initiative and district
initiatives), state funding (Springs Initiative, Water Protection and Sustainability Program,
Florida Forever Program, FARMS Program, West-Central Florida Water Restoration Action
Plan), federal funding (USDA Natural Resources Conservation Service programs), and public-
private partnerships and private investment. The RWSP states that a minimum of $1.65 billion
could potentially be generated or made available to fund the CFI and District Initiative projects
necessary to meet the water supply demand through 2035 and to restore MFLs for impacted
natural systems. This figure may be conservative, since it is not possible to determine the amount
of funding that may be available in the future from the federal government and state legislative
appropriations. To develop an estimate of the capital cost of projects necessary to meet demand,
the District compiled a list of large-scale WSD projects that have been proposed by the
Authority, Tampa Bay Water, Tampa Electric Company and Polk County that will produce up to
49 mgd of water supply within the 2035 planning horizon Districtwide. The RWSP states that
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the estimate of $1.65 billion in cooperator and District financial resources that will be generated
through 2035 for funding is sufficient to meet the projected $1.1 to $1.5 million total cost of the
large-scale projects listed.

2.17 Integrated Regional Water Supply Plan 2015 (Atkins et al 2015)

In order to ensure that drinking water needs are met and that supplies are developed in an
orderly, cost effective and environmentally sustainable manner, the Authority has instituted a
long-term water supply planning process. Critical to this process is the development of an
Integrated Regional Water Supply Master Plan (IRWSMP) that is to be updated approximately
every five years. This document is the Authority’s IRWSMP update for the 2015 through 2035
planning period. It updates and improves upon the 2006 IRWSMP which provided a water
supply master plan through 2025. The IRWSMP provides the following:

e Water demand projections for each of the Authority’s Customers (Charlotte, DeSoto,
Manatee and Sarasota Counties, and the City of North Port) which are then aggregated into
regional water demand projections.

e An inventory of existing water supply facilities and capacity for the Authority Customers
which are aggregated to determine projected water use deficits that must be addressed
through water supply development and demand management strategies.

e A comparison of projected water demands to existing water supply capacity to determine
projected surpluses and deficits.

e A summary of each of the Authority’s Customer’s conservation initiatives and identified
opportunities that may further local programs as well as potential opportunities to enhance
conservation and demand management.

e Details about potential future water supplies that can be developed to meet the region’s water
supply needs including ground water, surface water and seawater desalination.

e A discussion of opportunities to further share excess production capacity amongst the
Authority’s Customers and Partners.

e A description of the existing regional transmission system and regional and local
interconnections that enable delivery of supply and sharing of resources.

e Discussion of potable water quality maintenance and identification of measures to ensure that
high quality water is delivered throughout the system.

e An evaluation that explores threats to source water from changing conditions such as sea
level rise, climatic variations, and land use activities.

Demand Projections — Seven approaches to projecting future water demands were evaluated to
identify a range of projected aggregate water demand growth for Authority Customers through
2035, and develop a single recommended most probably annual growth rate. The seven methods
yielded aggregate annual water demand growth ranging from a low of 0.34 percent to 1.93
percent. The projected most probably annual growth rate in water demand was estimated to be
1.55 percent. Given an existing Master Water Supply Contract (MWSC) provision that
prescribes how the Authority is to develop 20-year water demand projections, and because the
projections were similar to those computed in the IRWSMP, the IRWSMP recommends that the
Authority use the water use demand projections submitted to the Authority by the Customers in
2014. Thus, water use demand was projected to increase by nearly 47% by 2035. However, it is
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recommended that the Authority utilized the peak year demand projection methodology in future
IRWSMP updates.

Existing Water Supply Capacity — The IRWSMP update includes a description of existing
water production facilities owned by the Authority, its Customers and Partners (City of Punta
Gorda and the Englewood Water District (EWD)). Facilities that have already received a water
use permit (WUP), but are not yet constructed are also discussed, as well as planned treatment
capacity improvements at the Peace River Facility scheduled for completion in the spring of
2015. Total average annual and peak month finished water capacities of the Authority’s
Customers through 2015 are presented in tabular format. The average annual daily finished
water capacity available to Authority Customers is over 103 MGD and is projected to increase to
nearly 110 MGD; peak month finished water capacity is projected to increase from 128 MGD to
nearly 135 MGD.

Water Surpluses and Deficits — The IRWSMP identified deficits by comparing projected water
needs to existing finished water capacity on a yearly basis for the duration of the planning

period. The projected water “need” is the aggregation of projected water demands (customer
use) and a six-percent reserve capacity to be maintained in the system. For future water supply
planning, an additional level of safety has been incorporated that establishes that new water
supply capacity will be completed and brought on line prior to projected water needs exceeding
90 percent of the average annual finished water supply. The IRWSMP projects that an additional
25 MGD of average annual permitted finished water capacity will need to be developed within
the region by 2035.

Conservation — Given the Authority, and its Customers, having a proven track record of water
conservation and water use efficiency, both gross and residential per capita water use continues
to decline even though they are already well below District per capita water use goals. This is
due to many factors including plumbing changes in the Florida Building Code in 1995, the use of
EPA’s WaterSense certified products and increased efficiency and use of reclaimed water. Other
opportunities for water conservation include source management measures aimed at reducing
water losses and opportunities to further engage the industrial-commercial-institutional sector on
water conservation initiatives. It is estimated that the Authority Customers can achieve another
nearly 5 MGD of water conservation savings during the planning period with a cumulative
investment of less than $9 million, meeting a significant share of the 25 MGD of new water
supply (or water savings) needed by 2035.

Potential Sources of Supply — More than 20 potential supplies were identified and evaluated in
the IRWSMP, yielding a dozen potential future water supplies that can collectively supply 124
MGD of new finished water capacity, far greater than the projected need by 2035. These sources
include ground water, surface water and sea water supplies. The potential sources are in various
stages of development. For example, Punta Gorda is projecting its brackish supply will be online
by 2019, while sources such as seawater desalination facilities may not be feasible for decades in
this region.

Opportunities to Share Excess Capacity — The ability to share excess water capacity through
existing and future expanded regional water transmission main system can greatly facilitate
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meeting existing and future water demands in a cost effective manner and could potentially delay
the need for the next round of capital investment to develop additional supplies. Additionally,
excess capacity provides rotational supply in the event of an emergency loss, drought or
environmental management needs and provides a supply buffer by allowing adequate time for
the development to new water supplies should water demand grow faster than expected. An
analysis was conducted to assess the quantities of excess capacity that could potentially be
shared. There was projected to be over 30 MGD of excess capacity in 2015. Twelve MGD of
this amount is needed for the six percent reserve capacity and ten percent needed in association
with the development of new finished water capacity prior to demand exceeding 90 percent of
existing finished water capacity. The remaining 18 MGD represents an opportunity for the
Authority, Customers and Partners to further expand sharing of excess capacity. Projected
excess capacity declines over time as growth leads to additional customer demands.

System Interconnects — The IRWSMP recommends that the Authority should adopt the updated
future System Interconnect pipeline projects for the Regional Integrated Loop system as
presented in the IRWSMP. Further recommendations include the prioritization of completion of
the Phase 111 (address phased reduction in the Manatee-Sarasota water contract quantities and
directly interconnect Manatee County with the regional system) and the Phase | interconnects
(provide back-up supply for DeSoto County, aid in addressing Punta Gorda needs, and support
future development of new supplies in the Shell/Prairie Creek watershed). Additionally, the
IRWSMP recommends the continued development and refinement of the remaining interconnect
projects with Customers and Partners to support improved system reliability and efficiently meet
the region’s existing and future water supply needs.

Potable and System Water Quality Maintenance - The IRWSMP summarizes water quality
characteristics produced at the existing major water treatment plants (WTPs), and within the
Authority’s regional transmission and the local distribution systems owned by Authority
Customers and Partners. Water quality blending scenarios are also discussed including scenarios
related to planned WTPs and regional transmission system enhancements. The IRWSMP
concludes that the Authority and Customers do an overall excellent job of maintaining finished
water quality throughout the regional and local systems. The IRWSMP makes multiple
suggestions for the continuation and/or improvement of water quality maintenance.

Source Water Protection — A number of factors are cited as having the potential to negatively
impact future Authority surface water supplies. All of them are of increasing concern primarily
under seasonally lower flow conditions. Within the existing and potential surface water supply
watersheds there is clear evidence of long-term increasing conductivity levels during lower flows
primarily due to agricultural ground water discharges. Additionally, upstream of the Peace River
Facility, lower flow water supplies may be further reduced by surface/ground water usage during
a proposed expansion of phosphate mining primarily in the Horse Creek basin. In addition to
these anthropogenic factors, there are at least two major natural influences with the potential to
seasonally influence future Peace River Facility operations. First, there has been a distinct long-
term (60 year) increase in the frequency of lower flow conditions. Further, projected future sea-
level rise is expected to influence the future availability of lower Peace River water during
seasonally lower flow conditions. The IRWSMP states that these factors suggest that two
options may need to be considered in the future: 1) increase the ability to withdraw, and 2) build
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additional off-stream storage to meet projected increases in demand and maintain overall
reliability.

2.18 2014 HBMP Annual Data Report (Janicki Environmental 2016)

This document represents the 19" Annual Data Report submitted under the expanded
Hydrobiological Monitoring Program (HBMP) initiated in 1996 in compliance with Water Use
Permit 20010420. A summary of findings is listed below. It should be noted that rainfall/flow
have annually varied considerably during the monitoring period.

Flows — Average mean daily Peace River flow of the three combined gages upstream of the
Facility during 2014 was 875.3 cfs, which was below the 1,143.8 cfs average over the 39 years
of HBMP monitoring (1976-2014). Overall, annual mean flow upstream of the Facility during
2014 was 76 percent of the average daily flow over the preceding long-term 1976-2013 period.

Withdrawals — Total Peace River Facility withdrawals during 2014 were approximately 6.5
percent of the total gaged freshwater flow measured at the USGS Arcadia gage, 5.4 percent of
the upstream gaged flow at the Facility, and 4.6 percent of the combined average daily inflows
upstream of the U.S. 41 Bridge. During the entire period of Peace River Facility withdrawals
(1980-2014), total combined withdrawals have been approximately 1.98 percent of the
corresponding gaged Peace River at Arcadia flows, 1.48 percent of total gaged flow upstream of
the Facility, and only 1.1 percent of the combined daily freshwater flows of the Peace River, and
Horse, Joshua, and Shell Creeks.

There were a number of days during 2014 when the Facility withdrawals exceeded the seasonally
designated maximum percent allowed by the April 2011 revised permit withdrawal schedule.
Such exceedances of the permitted percent withdrawals primarily result from subsequent USGS
revisions of the provisional daily flow information available to the Authority at the time of actual
withdrawals. During 2014, the facility did not withdraw any water from the river on 60 days or
approximately 16 percent of the time.

Water Temperature — Monthly mean water column temperatures in 2014 followed the strong
seasonal pattern typically observed in south Florida. Often, the highest water temperatures in the
more upstream, shallower, freshwater reaches of the estuary reach their highest levels in May
and then remain similar up until August. By comparison, average water column temperatures in
the downstream areas, more influenced by the harbor, often don’t reach their highest annual
temperature values until July. During 2014, the highest average water column temperatures
occurred throughout the lower river/upper harbor estuary during June. The 2014 data clearly
show relatively normal cold conditions during both the start and end of the year associated with
typical winter cold fronts.

Dissolved Oxygen — Previous results have indicated that within the downstream reaches of the
river between River Kilometers -2.4 and 10.5, there is typically a wet-season depression of
average water column dissolved oxygen (DO) levels in response to increased wet-season flows.
This seasonal pattern typifies the widely documented hypoxic/anoxic conditions that typically
occur in upper Charlotte Harbor as a result of the extreme water column stratification that
commonly occurs near the mouth of the river and upper regions of the harbor during the summer.
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This typical observed seasonal depression of average water column DO concentrations in this
reach of the lower river is generally more intense and of greater duration than that observed at
the more upstream monitoring sites. During 2014 (as typically observed in previous years),
average water column DO levels generally declined as water temperatures increased, reaching
their lowest levels during the summer wet season between June and September throughout both
the lower river and upper harbor as both water temperatures and flows increased. The 2014
summer, wet season column profile data (as has occurred since 2010) indicated the return of
normal hypoxic/anoxic dissolved oxygen levels in the upper harbor. This indicated that the
flows that occurred during the summer of 2014 were again of sufficient duration and intensity to
induce the level of water column stratification necessary to cause the development of extremely
low, widespread near-bottom DO levels in upper Charlotte Harbor.

Light Extinction — The 2014 HBMP data indicate that both the timing and magnitude of the
ability of light to penetrate into the water column (1 percent depth) exhibits both strong temporal
(seasonal) and spatial differences among the “fixed” monitoring sites along the HBMP lower
Peace River/upper Charlotte Harbor sampling transect. In many other estuarine systems, the
extinction of light is often highly influenced by ambient chlorophyll a concentrations
(phytoplankton biomass). However, light extinction in the lower Peace River/upper Charlotte
Harbor estuarine system is often primarily mediated by water color due to the “black water”
characteristics of freshwater inflows from the Peace River watershed. Water clarity during 2014
(as in previous years) was the greatest in the lower river and especially in the upper harbor
during both the typical spring dry season and other periods of lower flows.

Conductivity/Salinity — Seasonally spatial conductivity patterns in the tidal lower Peace River
during the very dry first five months of 2014 were similar with previous spring dry season and
late fall conditions over much of the previous decade, when brackish conditions in the lower
river extended upstream even beyond the Peace River Facility intake.

Inorganic Nitrite+Nitrate Nitrogen — In the Charlotte Harbor estuarine system, inorganic
nitrite+nitrate nitrogen concentrations are typically the lowest during the peak of the spring dry
season, when high light and water temperatures result in increased phytoplankton production and
freshwater inflows are low. Concentrations rapidly increase in the lower salinity reaches of the
estuary with higher flows as nitrogen is carried from the watershed and increasing color reduces
light penetration of the water column and limits phytoplankton growth. The data typically
indicate a distinct spatial gradient within the lower river/upper harbor estuarine system with
higher levels of inorganic nitrogen progressively occurring upstream. During 2014, inorganic
nitrogen concentrations were low or at near-detection limits during the extended spring/early
summer dry season (April/May). Overall, nitrite+nitrate nitrogen levels in 2014 were similar
with the longer-term averages at each of the five fixed stations.

Total Kjeldahl Nitrogen — Typically, total Kjeldahl nitrogen concentrations in the lower Peace
River/upper Charlotte Harbor estuarine system are generally the highest during the summer wet
season, reflecting the influences of increased freshwater inflows. Overall, during 2014, the
annual average Kjeldahl concentrations at each of the five monitoring locations were very
similar to their historic long-term averages.

Peace River/Manasota Regional 2-37 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 2 — Summaries of Recent Relevant Reports

Ortho-Phosphorus — Inorganic phosphorus concentrations in the Peace River Estuary follow
patterns typical of conservative water quality constituents (reflecting dilution rather than
biological uptake). Estuarine phosphorus concentrations are primarily influenced by dilution of
high ambient levels in Peace River freshwater by saline Gulf water moving up the harbor. Thus
the HBMP monitoring data typically indicate distinct spatial patterns in inorganic phosphorus
concentrations among the sampling sites, with concentrations being markedly higher upstream
than downstream. Following Hurricane Charley in August 2004 (and the subsequent Hurricanes
Frances and Jeanne in September 2004), the data indicated that there were atypical marked
increases in inorganic phosphorus levels associated with high levels of hurricane-related flows
from the Peace River watershed. During the wetter than average conditions in 2005, inorganic
phosphorus patterns in the lower river/upper harbor estuarine system returned to more typical
seasonal patterns. However, during the dry conditions that characterized the 2006-2008 period,
phosphorus concentrations in the lower river/upper harbor estuarine system returned to higher
levels not seen in over two decades. Phosphorus concentrations then began to decline during
2009 and have continued to decline to previous observed lower levels. Seasonally, inorganic
ortho-phosphorus in 2014 at the five fixed monitoring sites was similar to levels observed prior
to the recent observed increase.

Silica — Historically, annual reactive silica concentrations in the Peace River Estuary
characteristically have indicated a number of differing temporal and spatial patterns. During the
spring dry season, silica levels were normally at their annual lowest concentrations throughout
the lower Peace River/upper Charlotte Harbor estuarine system corresponding to depressed flow
inputs and periods of increased chlorophyll a biomass (potentially reflecting uptake by diatoms
in the phytoplankton). Then, usually during May and June, as water temperatures increased and
the start of the summer wet season began, concentrations characteristically rapidly increased
throughout the estuary. However, reactive silica concentrations during 2014 continued to reflect
the recently observed pattern of increased levels noted in previous HBMP reports, with peak
silica levels near seasonally historically high levels.

Chlorophyll a — Phytoplankton biomass (chlorophyll a) patterns in the lower Peace River/upper
Charlotte Harbor Estuary are normally characterized by several seasonal peaks throughout the
year that differed both seasonally and spatially among the HBMP “fixed” sampling locations.
Typically, chlorophyll a phytoplankton biomass in the lower Peace River/upper Charlotte Harbor
Estuary shows distinct increases both during the spring with increasing light and water
temperatures and during the late fall after wet-season flows have increased nitrogen levels and
associated high color levels begin to decline. Chlorophyll a increases (blooms) during 2014 were
influenced by both the seasonally low streamflow during the first five months of the year, as well
as the high flows during the summer wet season that resulted in phytoplankton “blooms”
stimulated by nitrogen inputs in both the higher and intermediate salinity reaches of the lower
river/upper harbor estuary.

The graphical and summary analyses presented in this document do not indicate any substantial
changes or atypical events in either the physical or biological data collected during 2014, other
than those previously noted. These include:
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e Freshwater inflows during 2014 were influenced by relatively average conditions during the
typical summer wet season.

e The previously noted long-term increase in reactive silica concentrations noted at the lower
Peace River/upper Charlotte Harbor monitoring locations indicated some decline during
2014.

e Inorganic phosphorus concentrations in the freshwater entering the estuary had increased in
recent years, following decades of major declines that began in the late 1970s. However,
observations since 2009 have shown that levels have substantially declined again to levels
near where they were prior to the observed recent increase.

e The observed recent increases in silica and phosphorus seem to have been linked to the
previous closure of phosphogypsum stack systems in the Whidden Creek basin, located in the
upper Peace River watershed.

The “limited” analyses presented in the 2014 HBMP Annual Data Report do not suggest that
there have been any long-term, systematic changes resulting from either current or historic water
withdrawals by the Peace River Regional Water Supply Facility.

2.19 2015 HBMP Annual Data Report (Janicki Environmental 2016)

This document represents the 20" Annual Data Report submitted under the expanded
Hydrobiological Monitoring Program (HBMP) initiated in 1996 in compliance with Water Use
Permit 20010420. In making comparisons of the 2015 data with similar data collected over the
preceding 39-year period (1976-2014), it should be noted that rainfall/flow have annually varied
considerably during the recent historic period. Conditions in 2015 were characterized by average
to above average flows with higher than normal flows occurring in months from both the
typically wet (August-September) and dry (February) seasons.

Flows — Average mean daily Peace River flow of the three combined gages upstream of the
Facility during 2015 was 1,584 cfs, which was above the 1,155 cfs average over the 40 years of
HBMP monitoring (1976-2015). Overall, annual mean flow upstream of the Facility during
2015 was 133 percent of the average daily flow over the long-term 1976-2015 period.

Withdrawals — Total Peace River Facility withdrawals during 2015 were approximately 3.8
percent of the total gaged freshwater flow measured at the USGS Arcadia gage, 3.0 percent of
the upstream gaged flow at the Facility, and 2.4 percent of the combined average daily inflows
upstream of the U.S. 41 Bridge. During the entire period of Peace River Facility withdrawals
(1980-2015), total combined withdrawals have been approximately 2.1 percent of the
corresponding gaged Peace River at Arcadia flows, 1.5 percent of total gaged flow upstream of
the Facility, and only 1.2 percent of the combined daily freshwater flows of the Peace River, and
Horse, Joshua, and Shell Creeks.

There were a number of days during 2015 when the Facility withdrawals exceeded the seasonally
designated maximum percent withdrawals allowed by the April 2011 revised permit withdrawal
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schedule. Such exceedances of the permitted percent withdrawals primarily result from
subsequent USGS revisions of the provisional daily flow information available to the Authority
at the time of actual withdrawals. During 2015, the facility did not withdraw any water from the
river on 69 days or approximately 19 percent of the time.

Water Temperature — Monthly mean water column temperatures in 2015 followed the strong
seasonal pattern typically observed in south Florida. Often, the highest water temperatures in the
more upstream, shallower, freshwater reaches of the estuary reach their highest levels in May
and then remain similar up until August. By comparison, average water column temperatures in
the downstream areas, more influenced by the harbor, often don’t reach their highest annual
temperature values until July. During 2015, the highest average water column temperatures
occurred throughout the lower river/upper harbor estuary during June (more upstream stations)
or July (more downstream stations). The 2015 data clearly show relatively normal cold
conditions at both the start and end of the year associated with typical winter cold fronts.

Dissolved Oxygen — Previous results have indicated that within the downstream reaches of the
river between River Kilometers -2.4 and 10.5, there is typically a wet season depression of
average water column dissolved oxygen (DO) levels in response to increased wet season flows.
This seasonal pattern typifies the widely documented hypoxic/anoxic conditions that typically
occur in upper Charlotte Harbor as a result of the extreme water column stratification that
commonly occurs near the mouth of the river and upper regions of the harbor during the summer
wet season. This typically observed seasonal depression of average water column DO
concentrations in this reach of the lower river is generally more intense and of greater duration
than that observed at the more upstream monitoring sites. During 2015 (as typically observed in
previous years), average water column DO levels generally declined as water temperatures
increased, reaching their lowest levels during the summer wet season between August and
September throughout both the lower river and upper harbor as both water temperatures and
flows increased. The 2015 summer, wet season column profile data (as has occurred since 2010)
indicated the return of normal hypoxic/anoxic dissolved oxygen levels in the upper harbor. This
has indicated that the flows occurring during the summer of 2015 were again of sufficient
duration and intensity to induce the level of water column stratification necessary to cause the
development of extremely low, widespread near-bottom DO levels in upper Charlotte Harbor.

Light Extinction — The 2015 HBMP data indicate that both the timing and magnitude of the
ability of light to penetrate into the water column (1 percent depth) exhibits both strong temporal
(seasonal) and spatial differences among the “fixed” monitoring sites along the HBMP lower
Peace River/upper Charlotte Harbor sampling transect. In many other estuarine systems, the
extinction of light is often highly influenced by ambient chlorophyll a concentrations
(phytoplankton biomass). However, light extinction in the lower Peace River/upper Charlotte
Harbor estuarine system is often primarily mediated by water color due to the “black water”
characteristics of freshwater inflows from the Peace River watershed. Water clarity during 2015
(as in previous years) was the greatest in the lower river and especially in the upper harbor
during both the typical spring dry season and other periods of lower flows.

Conductivity/Salinity — Seasonally spatial conductivity patterns in the tidal lower Peace River
were reflective of the normal to above normal flow in 2015. Late fall conditions with low river
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flow occurred over much of the previous decade, allowing brackish conditions in the lower river
to often extended upstream even beyond the Peace River Facility intake.

Inorganic Nitrite+Nitrate Nitrogen — In the Charlotte Harbor estuarine system, inorganic
nitrite+nitrate nitrogen concentrations are typically the lowest during the peak of the spring dry
season, when freshwater inflows are low and high light and water temperatures result in
increased phytoplankton production. Inorganic nitrogen concentrations rapidly increase in the
lower salinity reaches of the estuary under higher flow conditions as nitrogen is carried from the
watershed and increasing color reduces light penetration of the water column and limits
phytoplankton growth. The data typically indicate a distinct spatial gradient within the lower
river/upper harbor estuarine system with higher levels of inorganic nitrogen progressively
occurring upstream. During 2015, a decrease in inorganic nitrogen was observed during May. At
the more upstream stations, a secondary dip in inorganic nitrogen occurred during the above
normal flows in August and September. With the exception of RK 15.5 (the middle station),
nitrite+nitrate nitrogen levels in 2015 were lower than the longer-term averages at each of the
five fixed station locations

Total Kjeldahl Nitrogen — Typically, total Kjeldahl nitrogen (TKN) concentrations in the lower
Peace River/upper Charlotte Harbor estuarine system are generally the highest during the
summer wet season, reflecting the influences of increased freshwater inflows. In 2015, flows in
February were higher than normal levels and TKN levels were also elevated during this month,
with the exception of the upper harbor station (RK -2.4). Overall, during 2015, the annual
average TKN concentrations were slightly greater than the historic long-term averages

Ortho-Phosphorus — Inorganic phosphorus concentrations in the Peace River Estuary follow
patterns typical of conservative water quality constituents (reflecting dilution rather than
biological uptake). Estuarine phosphorus concentrations are primarily influenced by dilution of
high ambient levels in Peace River freshwater by saline Gulf water moving up the harbor. Thus,
the HBMP monitoring data typically indicate distinct spatial patterns in inorganic phosphorus
concentrations among the sampling sites, with concentrations being markedly higher upstream
than downstream. Following Hurricane Charley in August 2004 (and the subsequent Hurricanes
Frances and Jeanne in September 2004), the data indicated that there were atypical marked
increases in inorganic phosphorus levels associated with high levels of hurricane-related flows
from the Peace River watershed. During the wetter than average conditions in 2005, inorganic
phosphorus patterns in the lower river/upper harbor estuarine system returned to more typical
seasonal patterns. However, during the dry conditions that characterized the 2006-2008 period,
phosphorus concentrations in the lower river/upper harbor estuarine system returned to higher
levels not seen in over two decades. Phosphorus concentrations then began to decline during
2009 and have continued to decline to previous observed lower levels. Seasonally, inorganic
ortho-phosphorus in 2015 at the five fixed monitoring sites was similar to levels observed prior
to the recent observed increase.

Silica — Historically, annual reactive silica concentrations in the Peace River Estuary
characteristically have indicated a number of differing temporal and spatial patterns. During the
spring dry season, silica levels were normally at their annual lowest concentrations throughout
the lower Peace River/upper Charlotte Harbor estuarine system corresponding to depressed flow
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inputs and periods of increased chlorophyll a biomass (potentially reflecting uptake by diatoms
in the phytoplankton). Then, usually during May and June, as water temperatures increased and
the start of the summer wet season began, concentrations characteristically rapidly increased
throughout the estuary. However, reactive silica concentrations during 2015 continued to reflect
the recently observed pattern of increased levels noted in previous HBMP reports, with peak
silica levels near seasonally historically high levels.

Chlorophyll a — Phytoplankton biomass (chlorophyll a) patterns in the lower Peace River/upper
Charlotte Harbor Estuary are normally characterized by several seasonal peaks throughout the
year that differ both seasonally and spatially among the HBMP “fixed” sampling locations.
Typically, chlorophyll a phytoplankton biomass in the lower Peace River/upper Charlotte Harbor
Estuary shows distinct increases both during the spring with increasing light and water
temperatures and during the late fall after wet season flows have increased nitrogen levels and
associated high color levels begin to decline. Chlorophyll a increases (blooms) during 2015 were
influenced by the high flows during February and the summer wet-season that resulted in
phytoplankton “blooms” stimulated by nitrogen inputs in the higher salinity reaches of the lower
river/upper harbor estuary.

The graphical and summary analyses presented in this document do not indicate any substantial
changes or atypical events in either the physical or biological data collected during 2015, other
than those previously noted. These include:

e Freshwater inflows during 2015 were influenced by higher than average rainfall conditions
during the both the typical spring dry and summer wet season.

e The previously noted long-term increase in reactive silica concentrations noted at the lower
Peace River/upper Charlotte Harbor monitoring locations continued despite the somewhat
lower levels observed during 2014.

e Inorganic phosphorus concentrations in the freshwater entering the estuary had increased in
recent years, following decades of major declines that began in the late 1970s. However,
observations since 2009 have shown that levels have substantially declined again to levels
near where they were prior to the observed recent increase.

e The observed recent increases in silica and phosphorus seem to have been linked to the
previous closure of phosphogypsum stack systems in the Whidden Creek basin, located in the
upper Peace River watershed.

The “limited” analyses presented in the 2015 HBMP Annual Data Report do not suggest that
there have been any long-term, systematic changes resulting from either current or historic water
withdrawals by the Peace River Regional Water Supply Facility.
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2.20 A spectral optical model and updated water clarity reporting tool for
Charlotte Harbor Seagrasses (Dixon and Wessel, 2016)

This article, appearing in Florida Scientist, and includes information from the report summarized
in section 2.12, describes advances made to quantify how primary light attenuation parameters
affect the amount and quality of light reaching seagrass target depths through the development of
a spectrally explicit optical model. Water clarity is a limiting factor in determining the depth
distribution, and therefore areal extent, of seagrass. Water clarity targets have been established
and are based on a reference period (2003-2007), when seagrasses were stable in the estuary,
thus eliminating the need to explicitly quantify the light requirements of seagrass or the impacts
of other potentially limiting factors such as salinity. The developed optical model is based on
partitioned absorption and scattering and is parameterized as a function of color, chlorophyll, and
turbidity. The model was developed and validated using empirical data collected throughout
Charlotte Harbor National Estuary Program (CHNEP) management areas and produces estimates
of attenuation coefficients (Kg) and % Photosynthetically Active Radiation (%PAR) at specified
depths. The article describes in detail the data utilized, and the methods used to develop and
validate the model. The calibrated model predicts water clarity throughout the estuaries and
allows for predictions without reliance on field light estimates which have been shown to include
a great deal of uncertainty in the shallow water estuaries.

2.21 Estuary-Specific Numeric Interpretations of the Narrative Nutrient Criterion
(62-302.532 FAC)

This document provides a table of estuary-specific numeric interpretations of the narrative
nutrient criterion in paragraph 62-305.530(47)(b), FAC. The rule became effective February 17,
2016. The concentration-based estuary interpretations are open water, area-wide averages.
Numeric values listed in the table for nutrient and nutrient response values do not apply to
wetlands or to tidal tributaries that fluctuate between predominantly marine and predominantly
fresh waters during typical climatic and hydrologic conditions unless specifically provided by
name in the table. The interpretations expressed as load per million cubic meters of freshwater
inflow are the total load of that nutrient to the estuary divided by the total volume of freshwater
inflow to that estuary. Criteria specific to Charlotte Harbor/Estero Bay have been extracted from
the table within this document and are displayed below. The numeric values in the table will be
superseded if a more recent numeric interpretation of the narrative nutrient criterion, such as a
Level Il Water Quality Based Effluent Limitation (WQBEL), Site Specific Alternative Criterion
(SSAC), Total Maximum Daily Load (TMDL), or Reasonable Assurance Demonstration, is
established by the FDEP.

For Charlotte Harbor/Estero Bay, the criteria expressed as annual means are arithmetic means
and are not to be exceeded more than once in a three year period. For criteria expressed as long-
term averages, the long-term average shall be based on data from the most recent seven-year
period and shall not be exceeded. Criteria expressed as annual geometric means (AGM) are not
to be exceeded more than once in a three year period. For criteria expressed as not to be
exceeded in more than 10 percent of the samples, the criteria shall be assessed over the most
recent seven year period.
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Estuary Specific Numeric Interpretations of the Narrative Nutrient Criterion for
Charlotte Harbor/Estero Bay

Estuary

Total Phosphorus

Total Nitrogen

Chlorophyll-a

Dona and Roberts Bay

0.18 mg/L as annual mean

0.42 mg/L as annual mean

4.9 pg/L as annual mean

Upper Lemon Bay

0.26 mg/L as annual mean

0.56 mg/L as annual mean

8.9 pg/L as annual mean

Lower Lemon Bay

0.17 mg/L as annual mean

0.62 mg/L as annual mean

6.1 pg/L as annual mean

Charlotte Harbor Proper

0.19 mg/L as annual mean

0.67 mg/L as annual mean

6.1 ug/L as annual mean

Pine Island Sound

0.06 mg/L as annual mean

0.57 mg/L as annual mean

6.1 ug/L as annual mean

San Carlos Bay

0.045 mg/L as long term
average

0.44 mg/L as long term
average

3.7 pg/L as long term
average

Tidal Myakka River

0.31 mg/L as annual mean

1.02 mg/L as annual mean

11.7 pg/L as annual mean

Tidal Peace River

0.50 mg/L as annual mean

1.08 mg/L as annual mean

12.6 ug/L as annual mean

Matlacha Pass

0.08 mg/L as annual mean

0.58 mg/L as annual mean

6.1 ug/L as annual mean

Estero Bay (including
Tidal Imperial River)

0.07 mg/L as annual mean

0.63 mg/L as annual mean

5.9 ug/L as annual mean

Little Hickory Bay

0.070 mg/L as AGM

0.63 mg/L as AGM

5.9 yg/L as AGM

Water Turkey Bay

0.057 mg/L as AGM

0.47 mg/L as AGM

5.8 pg/L as AGM

Moorings Bay

0.040 mg/L, not to be
exceeded in more than ten
percent of the samples

0.85 mg/L, not to be
exceeded in more than ten
percent of the samples

8.1 ug/L as AGM

Upper Caloosahatchee

0.086 mg/L as long term

See subsection 62-

4.2 pg/L as long term

River Estuary average 304.800(2), F.A.C. average
Middle Caloosahatchee 0.055 mg/L as long term See subsection 62- 6.5 pg/L as long term
River Estuary average 304.800(2), F.A.C. average
Lower Caloosahatchee 0.040 mg/L as long term See subsection 62- 5.6 ug/L as long term
River Estuary average 304.800(2), F.A.C. average

2.22 2016 HBMP Annual Data Report (Janicki Environmental 2017)

This document represents the 21% Annual Data Report submitted under the expanded
Hydrobiological Monitoring Program (HBMP) initiated in 1996 in compliance with Water Use
Permit 20010420. In making comparisons of the 2016 data with similar data collected over the
preceding 40-year period (1976-2015), it should be noted that rainfall/flow have annually varied
considerably during the recent historic period.

Flows — Average mean daily Peace River flow of the three combined gages upstream of the
Facility during 2016 was 1,690 cfs, which is above the 1,167 cfs average over the 41 years of
HBMP monitoring (1976-2016). Overall, annual mean flow upstream of the Facility during
2016 was 144.7 percent of the average daily flow over the long-term 1976-2016 period.

Withdrawals — Total Peace River Facility withdrawals during 2016 were approximately 2.9
percent of the total gaged freshwater flow measured at the USGS Arcadia gage, 2.3 percent of
the upstream gaged flow at the Facility, and 1.7 percent of the combined average daily inflows
upstream of the U.S. 41 Bridge. During the entire period of Peace River Facility withdrawals
(1980-2016), total combined withdrawals have been approximately 2.1 percent of the
corresponding gaged Peace River at Arcadia flows, 1.6 percent of total gaged flow upstream of
the Facility, and only 1.2 percent of the combined daily freshwater flows of the Peace River, and
Horse, Joshua, and Shell Creeks.
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There were a number of days during 2016 when Peace River Facility withdrawals exceeded the
seasonally designated maximum percent allowed by the April 2011 revised permit withdrawal
schedule. Such exceedances of the permitted percent withdrawals primarily result from
subsequent USGS revisions of the provisional daily flow information available to the Authority
at the time of actual withdrawals. During 2016, the facility did not withdraw any water from the
river on 117 days or approximately 32 percent of the time.

Water Temperature — Monthly mean water column temperatures in 2016 followed the strong
seasonal pattern typically observed in south Florida. Often, the highest water temperatures in the
more upstream, shallower, freshwater reaches of the estuary reach their highest levels in May
and then remain similar up until August. By comparison, average water column temperatures in
the downstream areas, more influenced by the harbor, often don’t reach their highest annual
temperature values until July. Dry season temperatures, spanning January-May and October-
December, displayed greater variability between months. Historically, the annual peak in water
temperatures in the estuary varies between June and August depending on annual variations in
cloud cover and differences in seasonal rainfall patterns. Seasonal annual low water
temperatures in 2016 were warmer than most annual lows observed in the preceding HBMP
period.

Dissolved Oxygen — Previous results have indicated that within the downstream reaches of the
river between River Kilometers -2.4 and 10.5, there is typically a wet-season depression of
average water column dissolved oxygen (DO) levels in response to increased wet-season flows.
This seasonal pattern typifies the widely documented hypoxic/anoxic conditions that typically
occur in upper Charlotte Harbor as a result of the extreme water column stratification that
commonly occurs near the mouth of the river and upper regions of the harbor during the high
summer wet season. This typical observed seasonal depression of average water column
dissolved oxygen concentrations in this reach of the lower river is generally more intense and of
greater duration than that observed at the more upstream monitoring sites. During 2016,
dissolved oxygen levels generally declined as water temperatures increased, resulting in DO
levels reaching their lowest levels during summer wet season throughout both the lower river and
upper harbor as both water temperatures and flows increased. The 2016 wet season column
profile data indicated the return of normal hypoxic/anoxic dissolved oxygen levels in the upper
harbor. This indicates that the flows that occurred during the summer of 2016 were again of
sufficient duration and intensity to induce the level of water column stratification necessary to
cause the development of widespread extremely low near-bottom dissolved oxygen levels in
upper Charlotte Harbor.

Light Extinction — The 2016 HBMP data indicate that both the timing and magnitude of the
ability of light to penetrate into the water column (1 percent depth) exhibits both strong temporal
(seasonal) and spatial differences among the “fixed” monitoring sites along the HBMP lower
Peace River/upper Charlotte Harbor sampling transect. Light extinction in the lower Peace
River/upper Charlotte Harbor estuarine system is often primarily mediated by existing water
color due to the “black water” characteristics of freshwater inflows from the Peace River
watershed. Water clarity during 2016 (as in previous years) was the greatest in the lower river
and especially in the upper harbor during the typical spring dry season and other periods of lower
flows. The influences of the summer wet-season rainfall conditions are clearly evident in
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comparing the one percent light depths observed between the more downstream lower
river/upper harbor monitoring locations with the upstream characteristically freshwater reaches
of the lower river.

Conductivity/Salinity — Seasonally spatial conductivity patterns in the tidal lower Peace River
were reflective of the normal to above normal flow in 2016.

Inorganic Nitrite+Nitrate Nitrogen — In the Charlotte Harbor estuarine system, inorganic
nitrite+nitrate nitrogen concentrations are typically the lowest during the peak of the spring dry
season, when high light and water temperatures result in increased phytoplankton production and
freshwater inflows are low. Concentrations rapidly increase in the lower salinity reaches of the
estuary with higher flows as nitrogen is carried from the watershed and increasing color reduces
light penetration of the water column and limits phytoplankton growth. The data typically
indicate a distinct spatial gradient within the lower river/upper harbor estuarine system with
higher levels of inorganic nitrogen progressively occurring upstream. Nitrite+nitrate nitrogen
levels in 2016 were lower than the longer-term averages at each of the five fixed-station
locations.

Total Kjeldahl Nitrogen — Typically, total Kjeldahl nitrogen concentrations in the lower Peace
River/upper Charlotte Harbor estuarine system are generally the highest during the summer wet
season, reflecting the influences of increased freshwater inflows, and this is reflected in 2016
measurements. Overall, during 2016, the annual average Kjeldahl concentrations were slightly
greater than the historic long-term averages.

Ortho-Phosphorus — Inorganic phosphorus concentrations in the Peace River Estuary follow
patterns typical of conservative water quality constituents (reflecting dilution rather than
biological uptake). Estuarine phosphorus concentrations are primarily influenced by dilution of
high ambient levels in Peace River freshwater by saline Gulf water moving up the harbor. Thus
the HBMP monitoring data typically indicate distinct spatial patterns in inorganic phosphorus
concentrations among the sampling sites, with concentrations being markedly higher upstream
than downstream. Following Hurricane Charley in August 2004 (and the subsequent Hurricanes
Frances and Jeanne storms in September 2004), the data indicated that there were atypical
marked increases in inorganic phosphorus levels associated with high levels of hurricane-related
flows from the Peace River watershed. During the wetter than average conditions in 2005,
inorganic phosphorus patterns in the lower river/upper harbor estuarine system returned to more
typical seasonal patterns. However, during the dry conditions that characterized the 2006-2008
period, phosphorus concentrations in the lower river/upper harbor estuarine system returned to
higher levels not seen in over two decades. Phosphorus concentrations then began to decline
during 2009 and have continued to decline to previous observed lower levels. Inorganic ortho-
phosphorus levels in 2016 at the five fixed monitoring sites were lower than the mean long- term
values.

Silica - Historically, annual reactive silica concentrations in the Peace River estuary
characteristically have indicated a number of differing temporal and spatial patterns. During the
spring dry season, silica levels were normally at their annual lowest concentrations throughout
the lower Peace River/upper Charlotte Harbor estuarine system corresponding to depressed flow
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inputs and periods of increased chlorophyll a biomass (potentially reflecting uptake by diatoms
in the phytoplankton). Then usually during May and June, as water temperatures increased and
the start of the summer wet -season began, concentrations characteristically rapidly increased
throughout the estuary. Reactive silica concentrations during 2016 continued to reflect the
recently observed pattern of increased levels noted in previous HBMP reports, with 2016 average
silica levels greater than the long term averages.

Chlorophyll a — Phytoplankton biomass (chlorophyll a) patterns in the lower Peace River/upper
Charlotte Harbor Estuary are normally characterized by several seasonal peaks throughout the
year that differ both seasonally and spatially among the HBMP “fixed” sampling locations.
Typically, chlorophyll a phytoplankton biomass in the lower Peace River/upper Charlotte Harbor
Estuary shows distinct increases both during the spring with increasing light and water
temperatures and during the late fall after wet season flows have increased nitrogen levels and
associated high color levels begin to decline. The common occurrences of such spring and fall
phytoplankton increases have often been noted in conjunction with the HBMP isohaline-based
monitoring program. Chlorophyll a increases (blooms) during 2016 were influenced by the high
flows during January/February and the summer wet -season that resulted in phytoplankton
“blooms” stimulated by nitrogen inputs in the higher salinity reaches of the lower river/upper
harbor estuary. Average 2016 chlorophyll a values were slightly lower than the long-term values
at all but the most downstream (Harbor) station where 2016 values were more than double the
long-term average.

The graphical and summary analyses presented in this document do not indicate any substantial
changes or atypical events in either the physical or biological data collected during 2016, other
than those previously noted. These include:

e Freshwater inflows during 2016 were influenced by higher than average rainfall conditions
during the both the typical spring dry and summer wet season.

e The previously noted long-term increase in reactive silica concentrations noted at the lower
Peace River/upper Charlotte Harbor monitoring locations continued despite the somewhat
lower levels observed during 2014.

e Inorganic phosphorus concentrations in the freshwater entering the estuary had increased in
recent years, following decades of major declines that began in the late 1970s. However,
observations since 2009 have shown that levels have substantially declined again to levels
near where they were prior to the observed recent increase.

e The observed recent increases in silica and phosphorus seem to have been linked to the
previous closure of phosphogypsum stack systems in the Whidden Creek basin, located in the
upper Peace River watershed.

The “limited” analyses presented in the 2016 HBMP Annual Data Report do not suggest that
there have been any long-term, systematic changes resulting from either current or historic water
withdrawals by the Peace River Regional Water Supply Facility.
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3.0 Chapter 3 — Status and Trends in Regional Rainfall, Flows and
Facility Withdrawals

The purpose and focus of this chapter are to update similar information presented in the previous
2002, 2006 and 2011 HBMP Comprehensive Summary Reports. Provided are analyses of data
collected through 2016 relative to both the status and trends of key hydrological elements
associated with the Peace River Hydrobiological Monitoring Program (HBMP). Analyses and
discussions are presented in relation to the current status and historic trends in the following
specific hydrologically related HBMP study elements:

Status and trends in watershed rainfall patterns;

Status and trends in gaged watershed freshwater inflows;
Status and trends in rainfall/flow interactions; and
History, status and trends in withdrawals.

The primary objective of the presented analyses and summary graphics associated with each of
these HBMP elements is to provide an overview of the current hydrological status within the
Peace River watershed and lower Peace River/upper Charlotte Harbor estuarine system, and
illustrate comparisons with historic longer-term patterns and characteristics. A corollary goal is
to describe the important hydrological influences of more infrequent episodic occurrences such
as extended periods of extreme drought, the periodic occurrences of unusually wet winter/spring
El Nifio climatic events, and differences in summer wet-season rainfall/flows due to variations in
the frequency of tropical cyclonic patterns.

3.1  Hydrologic Setting

The Peace River watershed (Figure 3.1) covers approximately 1.4 million acres (2,188 square
miles) and can be divided into nine major drainage basins within six counties. Most of the
watershed is located in Polk, Hardee, DeSoto and northern Charlotte counties, smaller portions
extend into Highlands, Manatee and Sarasota counties. The main channel of the Peace River
begins northeast of Bartow, in Polk County, at the confluence of Peace Creek Drainage Canal
and Saddle Creek, and extends approximately 105 miles south to Charlotte Harbor. Previous
studies (PBS&J and W.D. Bender 1999, PBS&J 2007) divided the watershed into eight drainage
basins based on the locations of USGS long-term flow gaging stations and included an additional
ungaged coastal lower Peace River basin downstream of Arcadia to the tidal river mouth
(defined by USGS, McPherson et al. 1997).

These nine basins are listed below.

) Peace River at Bartow ) Joshua Creek

. Peace River at Zolfo Springs . Horse Creek

o Payne Creek o Shell Creek (including Prairie Creek)
o Peace River at Arcadia o Coastal Lower Peace River

. Charlie Creek
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Figure 3.1 Location of the Peace River Watershed in Southwest Florida

The five largest basins in the watershed include the Peace River at Bartow, Peace River at Zolfo
Springs, Charlie Creek, Shell Creek, and the Coastal Lower Peace. Each of these basins
individually makes up between 12 and 17 percent of the watershed and combined, they comprise
roughly 70 percent of the overall watershed area. The remaining four smaller basins (the Peace at
Arcadia, Payne Creek, Joshua Creek, and Horse Creek) individually comprise between six and
nine percent of the remaining watershed area. Historically, the landscape features and
hydrological drainage patterns of these watershed basins have been modified to varying extents
by anthropogenic influences, including the expansions of more intense agriculture, urbanization
and phosphate mining activities (PBS&J 2007). Hydrologically, such historic and ongoing
landform changes have significantly altered both surface water runoff and infiltration rates
within broad areas of the Peace River watershed. Such historic and potential future land use
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Chapter 3 — Hydrological Status and Trends

changes in the Peace River watershed have the potential to influence both the quantity and
quality of available water downstream at the Facility.

3.1.1 Hydrogeology

The Peace River watershed is underlain by three aquifer systems. The uppermost system
primarily associated with surface flows is the unconfined surficial aquifer system, which consists
of unconsolidated quartz sand, silt, and clayey sand. The depth of the surficial aquifer system
varies from only a few feet in some areas to well over a hundred feet in the sand hill ridge areas.
Underlying the surficial aquifer system is the confined intermediate aquifer system, consisting of
thin, inter-bedded limestones, sands, and phosphatic clays of generally low permeability. The
intermediate aquifer system is relatively thin in the upper reaches of the Peace River watershed
and thickens to the south. Underlying the intermediate aquifer system, the confined Floridan
aquifer system consists of limestone and dolostone formations. The upper Floridan aquifer
system is the principal water supply source for most anthropogenic activities accounting for 85 to
90 percent of all anthropogenic ground water use in the Peace River watershed. The depth to the
lower Floridan aquifer and its relatively much poorer water quality currently preclude any
extensive use of this last aquifer system as a water supply.

Long Term Changes in the Potentiometric Surface
of the Upper Floridan Aquifer

%, Generalized
% Groundwater
Basins
Change in feet
0to 10
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Figure 3.2 Estimated historic changes in the potentiometric surface of the Upper Florida Aquifer
(SWFWMD, based on USGS data)

Upstream of Ft. Meade, in the vicinity of the Peace River proper, the terrain and geology are
karst in origin, resulting in large sinks and solution features in the river floodplain. Kissengen
Spring near Bartow was a significant source of historic base flow to the upper Peace River with
average annual estimated flows prior to the mid-1930s of approximately 30 cubic feet per second
(cfs). Cessation of flow from the spring circa 1950 has been attributed (Peek 1951, Steward

Peace River/Manasota Regional 3-3 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017
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1966, Hammett 1990, Basso 2003, PBS&J 2007) to the historic decline in the potentiometric
surface of the confined aquifers (Intermediate Artesian and Upper Floridan aquifers) caused by
the excessive development of the ground water resource, primarily associated with the early
expansion of phosphate mining in the upper watershed. The potentiometric surface of the
confined aquifers, previously observed above the riverbed, has generally declined tens of feet
below the riverbed since the early-1960s (Figure 3.2).

3.1.2 Hydrologic Alterations

This historic loss of flows from springs and seeps has been one of the factors that have affected
base flow to the upper portion of the river. However, base flow in the upper Peace River has
also been affected by changes in discharges and drainage alterations associated with
urbanization, phosphate mining, and agriculture. Phosphate mining and domestic waste
discharges to the river have gradually declined since the mid-1980s (SWFWMD 2002).
Historically these anthropogenic discharges augmented dry-season base flow and, until recently,
obscured much of the historic declines and cessation of spring flows in the upper watershed. As
a result, during recent periods portions of low flows in the Peace River between USGS Bartow
and Ft. Meade gages actually run from the river into the numerous crevices of the streambed and
floodplain resulting in a loss of flows on a significant number of days each year within this upper
reach of the river.

Other hydrologic alterations in some mined and reclaimed areas in the upper regions of the
watershed have included the change of surface water flows that historically flowed to the river to
storage for mining activities and/or seasonal impoundments resulting from disconnected surface
depressions. Surface flows in some mined areas may also have been altered subsequent to
mining due to increased recharge, as rainwater readily infiltrates the resulting disturbed soil
structure, and recharge to the intermediate aquifer increases following loss of the upper confining
layers associated with extraction of the phosphate matrix.

The Peace River watershed basins south of phosphate mining influences have also experienced
historic increasing ground water demands and extensive hydrologic alterations. These changes
are reflected in the cumulative loss of wetland and native upland habitats, and increasing dry-
season augmentation of base flow in many tributaries as agriculture in these southern basins has
progressively changed from predominantly unimproved pasture to improved pasture and
subsequently to increasing areas of more intense farming (citrus and row crops). Agricultural
runoff has contributed to increased base flow in the Joshua Creek, Horse Creek and Prairie/Shell
Creek basins. In addition, urban land uses in the northern and southern areas of the Peace River
watershed have increased impervious surface areas, altered natural hydroperiods, and reduced
stream stability, which resulted in the loss of in-stream habitat and degraded water quality, and
led to reductions in biological diversity (Arnold and Gibbons 1996, Brant 1999, Shaver and
Maxted 1996).

3.1.3 Climate

The climate in the Peace River watershed is subtropical with an annual average temperature of
approximately 73 degrees Fahrenheit. The Peace River watershed predominantly lays within the
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National Weather Service (NWS) Florida South-Central Region Four, which is characterized by
a summer wet-season that accounts for approximately 60 percent of total approximate average
annual precipitation for the three long-term gages in the watershed of 52 inches (1915-2016).
During this summer wet-season, rainfall patterns are influenced by both frequent localized
convective thunderstorm activity and periodic, widespread heavy rains associated with more
infrequent tropical cyclonic events. In contrast, the remainder of the year is characterized by
rainfall patterns predominantly associated with frontal systems moving down and across the
Florida peninsula from the northwest.

The four month wet-season extends from June through September, with June on average having
the highest annual average rainfall of 8.3 inches (Figure 3.3). Conversely, November through
January typically comprise the three driest months of the year, with rainfall in November only
averaging 1.7 inches. October characterizes the transition from the convection based summer
wet-season rainfall pattern to the frontal dry-season rainfall pattern.
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Figure 3.3 Average Monthly Peace River Basin Rainfall (1915-2016)

Low precipitation, combined with higher temperatures and evapotranspiration, characterize the
dry spring months and, as a result, streams, wetlands and surficial ground water levels are
typically at their lowest during May just prior to the beginning of the four-month summer wet-
season (Figure 3.4, note: the annual longer term annual hydrograph of the Arcadia gage is shown
due to its much longer historic record. Gaged flows for Horse and Joshua Creeks date only back
to the early 1950s). Conversely, during September and October, at the end of the summer wet-
season, hydrologic systems and surface flows are usually near or at their annual peaks.
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Figure 3.4 Mean monthly flow at the Peace River at Arcadia USGS gage (1932-2016)

Seasonal influences of rainfall on watershed hydrology and surface flows are directly linked to
the preceding hydrologic conditions. At the beginning of the summer wet-season, a large
proportion of rainfall is incorporated into filling surface and ground water storage (Basso and
Schultz 2003.) Conversely, later toward the end of the summer wet-season, soil moisture content
is high, ground water levels are near the surface, wetlands and lakes are full, and a large
proportion of rainfall contributes directly to runoff (Ross et al. 2001). Under such conditions,
relatively small increases in rainfall can result in substantial increases in surface flows (PBS&J
2007).

While the described seasonal patterns in the annual hydrologic conditions are typical, there are
wide degrees of both seasonal and annual variability in both rainfall and resulting river flow
patterns. Deviations from the normal pattern can span periods of months up to several years.
Intense EI Nifio/Southern Oscillation (ENSO) events, such as occurred in 1982/1983 and
1997/1998, result in atypical extended periods of heavy rainfall during the usually drier
winter/spring months and dramatically alter the annual watershed hydroperiod. In both instances,

these unusually wet EI Nifio periods were subsequently followed by La Nifia events and
associated periods of extended drought (Coley and Waylen 2006). While short-term extremes of
high and low flows influence the water budget in a watershed over periods of years,
superimposed over these may be larger cyclic periods that can cover a number of decades (Kelly
2004). An understanding of the underlying causes affecting the duration and magnitude of long-
term regional rainfall cycles is therefore important to assessing historic natural and
anthropogenic hydrologic changes in both stream flows and ground water levels in the Peace
River watershed (Basso and Schultz 2003.)
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Climate researchers (Gray et al. 1997 and 2004, Enfield et al. 2001, Knudsen et al. 2011) have
suggested that natural climate cycles or phases can persist over multiple decades. One of these
cycles, the Atlantic Multidecadal Oscillation (AMO) refers to long-term cool and warm phase
differences of only about 1°F (0.6°C) in North Atlantic average sea surface temperatures. An
analysis of Atlantic sea surface temperatures suggests that warm AMO phases occurred during
1869-1893, 1926-1969, and from 1995 to date, while cooler phases occurred predominantly
during the 1894-1925 and 1970-1994 time periods (Landsea et al. 1999). Climatological data
indicate that differences between relatively warm and cool AMO periods affect both air
temperature and rainfall patterns over North America and Europe (Gray et al. 1997, Enfield et al.
2001). It has been suggested that slight increases in average sea surface temperature in the
Atlantic and Caribbean seas during warmer AMO periods produce more summer rainfall across
southern Florida, while cooler AMO phases result in decreased summer rainfall (Enfield et al.
2001, Basso and Schultz 2003, Kelly 2004).

Studies of paleoclimate proxies, including tree rings (Grey et al. 2004) and ice cores, indicate
that oscillations similar to those measured from Atlantic sea surface temperatures have
commonly occurred over 15-60 year intervals for at least the last thousand years. Analyses of
longer cycles suggests that quasi-persistent cycles of approximately 55 to 70 years in the North
Atlantic AMO can be linked to internal ocean-atmosphere variability, that has existed over large
parts of the Holocene for at least the last 8,000 years (Knudsen et al. 2011). Such cyclical
changes predate the modern era of anthropogenic climate influences and indicate that the AMO
phases are likely natural climate oscillations. It has further been suggested that during the 20"
century, cyclical AMO climate changes have alternately camouflaged or exaggerated the
potential effects of global warming making it more difficult to ascertain any confounding
influences.

Small increases in average sea surface temperature (see Figure 3.5) in the Atlantic and Caribbean
during warmer AMO periods result in increased wet-season rainfall across south Florida, while
cooler AMO phases correspond to decreased summer rainfall (Enfield et al. 2001, Basso and
Schultz 2003, Kelly 2004). During warm AMO phases, general Atlantic/Caribbean atmospheric
circulation patterns predominantly flow from the southeast across the southern Florida peninsula,
increasing summer afternoon convective thunderstorm activity and resulting in slightly enhanced
wet-season rainfall levels. At the same time, higher North Atlantic sea surface temperatures
(Figure 3.5) also result in atmospheric circulation patterns that tend to both increase the
frequency and intensity of tropical storms, including those originating in the Sahel region of
northwest Africa, while also decreasing high level wind shear in the tropical Atlantic Ocean.
During warm AMOs, these factors result in a higher frequency (see Figure 3.6 below) and
duration of major tropical cyclones in the Gulf of Mexico, Atlantic and Caribbean Basins (Gray
et al. 1997, Landsea et al. 1999). These tropical systems can produce extremely high rainfall
events as they move near (or across) Florida and a single storm event can account for as much as
a third of the normal total annual wet-season rainfall. Since these storm events are more frequent
toward the end of the summer wet-season in August and September, soils in the watershed may
be saturated, rivers and lakes are often at high flows and/or levels, and the hurricane associated
rainfall events can dramatically influence annual flows and patterns in the watershed.
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Figure 3.5 Monthly long-term North Atlantic sea surface temperature (SST) values for assessing AMO
patterns, 1910-2016.

Several studies (Hickey 1998, Basso and Schultz 2003, Kelly 2004, PBS&J 2007) have
expanded upon previous work (Hammett 1990) in which changes in rainfall and/or stream flow
patterns and relationships in the Peace River watershed were examined. Hickey (1998) attributed
observed declines in rainfall and flows to a reduction in the frequency of tropical storms events
prior to and following 1970. Basso and Schultz (2003) found that while annual rainfall has not
significantly changed over the last century, partitioning the data into shorter intervals revealed
cyclical decadal periods of above or below average rainfall. Using graphical and statistical
analytical methods, including 5-year moving averages mean and median statistics, cumulative
departure analyses, single mass techniques, and time-series plots, they were able to demonstrate
that the decades between the 1930s and 1960s were wetter than recent periods. Mean and median
rainfall values at six gaging locations within the Peace River watershed indicated average
declines of 4.5 and 5.5 inches/year between the two 30-year periods 1936-1965 and 1966-1995.
Changes in wet-season rainfall, primarily linked to the AMO, were found to account for
approximately eighty percent of the observed differences between the two periods. An analysis
of rainfall changes associated with an observed decline in tropical cyclone activity during 1970-
1994 found that approximately one-third of the measured decline in wet-season rainfall was
associated with the observed decrease in these storm events. A total of 47 documented tropical
cyclones (includes subtropical systems, depressions, tropical storms, and hurricanes) impacted
the Peace River watershed during the period 1930-2001. During the warmer AMO phase (1930-
1969), 33 tropical storm events affected the basin. In comparison, during the subsequent cooler
1970-1994 AMO period, only 10 tropical systems impacted the watershed. This analysis
indicated that the frequency of such intense rainfall storm events influencing the Peace River
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watershed during the warm AMO phase was approximately double of that which occurred during
the cooler period.

Tropical Storms in Southwest Florida Waters
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Figure 3.6 Tropical storms (including hurricanes) influencing southwest Florida during the historical period.
White line represents the number of storms per year, while black line represents the five year moving
average.

During warm AMO phases, the average number of tropical storms that become major hurricanes
is significantly greater (at least double) when compared with cooler periods. Since 1995, when
the AMO shifted from the preceding approximately 26-year cooler period (1969-1994) to a
warmer phase, the frequency of major hurricanes (category 3 or above on the Saffir-Simpson
scale) has again increased. Based on the typical duration of alternating AMO phases, the current
warm phase may persist from 10-30 more years. To date, models capable of predicting the AMO
shifts from one phase to another are unavailable. However, it is possible to determine the
probability that a change in the AMO cycle will occur within a given future time frame (Enfield
and Cid-Serrano 2005.) Such probability-based projections may be useful with regard to long-
term water management planning since the availability of potential surface water supplies can
vary considerably between warmer and cooler AMO periods. However, the occurrences of
1999-2001 and recent 2006-2011) dry-season droughts emphasize the point that such warm/wet
AMO phases only describe long-term average conditions, and that very dry intervals can (and
do) occur during what might be a wetter than average longer time period, and that
correspondingly very wet years have occurred during cooler/dry AMO phases.
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Figure 3.7 indicates that total seasonally based gaged flows upstream of the Facility since 1994
have been statistically significant slightly higher (133 cfs) on average than during the previous
18 years of HBMP monitoring. However during this “wetter” period, the duration of the lower
flows over extended periods (1999-2001 and 2006-2011) has characterized much of the recent
period.
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Figure 3.7 Annual monthly mean total USGS gaged flow upstream of the Facility

3.2 Status and Trends in Watershed Rainfall Patterns

Historic period-of-record rainfall data for three representative long-term Peace River watershed
basin rainfall gaging stations and a representative gage in the nearby Myakka River watershed
were obtained as an initial step in evaluating the status and trends of hydrologic conditions in the
Peace River watershed. Table 3.1 provides summary information regarding each of the four
selected rainfall gages, including:

Rainfall gage name,

Gage SWFWMD (District) identification,

National Oceanographic and Atmospheric Administration (NOAA) identification,
Location (latitude & longitude), and

Historical period-of-record interval of data.
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The sites were selected based both on the need to provide a broad spatial range of geographical
coverage and the availability of a reliable long-term historical data record.

e Bartow — This gage was selected as representative of the northern/upper Peace River
watershed, with daily long-term rainfall data having been collected at this site since 1902.
The gage is designated ATMO0009 in the NOAA rainfall monitoring network, and this
same location is designated as 25164 (R142) in the District’s web-based data acquisition
system.

e Arcadia — Historical data from this monitoring site were chosen to characterize rainfall
patterns in the central regions of the Peace River watershed. The daily, long-term rainfall
record at this location extends back historically to 1908. The Arcadia gage is designated
as site ATMO0O003 in the NOAA monitoring network and as 24570 (R148) by the District.

e Punta Gorda — The data from this monitoring gage were used to assess seasonal and
long-term rainfall patterns in the lower/coastal region of the lower Peace River
watershed, and existing daily records at this gaging site extend back to 1915. This rainfall
monitoring gage is designated ATMO0117 in the NOAA network and as R255 by the
District.

. Myakka State Park — This final monitoring gage was selected to provide additional
information and assess potential differences in rainfall patterns between the interior Peace
River watershed locations and the more coastal Myakka River watershed. The existing
daily records at this site only extend back to 1943, and the rainfall gage is designated as
ATMO0101 in the NOAA network and as R336 by the District.

Table 3.1
Selected Rainfall Gages

Gage Name SVS\/ilt:;/\/II\[;ID IS\li(t)eAlg Latitude Longitude Data Record
Peace River Watershed
Bartow 25164 (R142) ATMO0009 27°53'59.08" 81°50'34.27" 1908-2016
Arcadia 24570 (R148) ATMO0003 27°13'44.17" 81°51'27.28" 1907-2016
Punta Gorda 25105 (R255) ATMO0117 26°55'10.22" 82°00'21.30" 1914-2016
Additional Reference Gage
Myakka State Park 25793 (R336) ATM0101 27°14'32.17" 82°10'27.31" 1943-2016

While all the selected gages had relatively complete periods-of-record, in some instance data
from a particular site may have been missing for a number of consecutive days for periods of
weeks and/or months. In these instances, missing data were substituted using additional
available information from the District’s rainfall monitoring network using the average values
from the two nearest rainfall gages that also had the highest long-term correlations with data
from the station with the missing values (PBS&J 2007).
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3.2.1 Time-series Plots

Monthly and annual total rainfall values were graphically analyzed for each of the four selected
watershed rainfall gages using several alternative methods. Table 3.2 summarizes the various
rainfall time-series analyses presented. Summary conclusions based on the results of these
alternative graphical analyses of historic rainfall patterns are presented below.

Table 3.2
Time-series Plots of Watershed Rainfall
. Total Annual Total Rainfall
Long-Term Time
Rainfall G Interval ORIy

cllinizlll e e ! Rainfall Overall Wet-Season | Dry-season
Peace River Watershed
Bartow 1932-2016 Figure 3.8 Figure 3.13 Figure 3.18 Figure 3.23
Arcadia 1932-2016 Figure 3.9 Figure 3.14 Figure 3.19 Figure 3.24
Punta Gorda 1932-2016 Figure 3.10 Figure 3.15 Figure 3.20 Figure 3.25
Watershed Average 1932-2016 Figure 3.11 Figure 3.16 Figure 3.21 Figure 3.26
Additional Reference Gage
Myakka State Park 1943-2016 Figure 3.12 Figure 3.17 Figure 3.22 ‘ Figure 3.27

Total Monthly Rainfall — Figures 3.8 through 3.12 illustrate time-series plots of total monthly
rainfall data from the four selected rainfall gaging locations. VValues were plotted for the years
1932-2016 (corresponding to the longest record of gaged flows in the watershed) or the period-
of-record for locations with shorter long-term records. These graphics include both monthly total
rainfall and a fitted, smoothed line (this line was calculated using the Statistical Analysis
Software (SAS) cubic spline method that minimizes the linear combination of the sums of
squares of the residuals of the fit as well as the integral of the square of the second derivative).
The following summary conclusions are based on these analyses:

e Long-term total monthly rainfall patterns were generally similar among the selected
rainfall gages, although more recent rainfall levels (since 2005) at the Bartow site seem to
have declined a bit more from the long-term average than at the other gaging sites;

e The natural annual variability in total monthly rainfall totals is sufficient to obscure small
changes that may (or may not) have occurred, and there are no indications of any
consistent larger changes (or patterns) when the long-term rainfall data are analyzed on a
monthly basis; and

e Results of the analyses suggest that total monthly rainfall at the more coastal Punta Gorda
and Myakka State Park gages are at times slightly greater than at the two more interior
Peace River watershed basin gages.
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Total Annual Rainfall — Similar time-series plots of annual (rather than monthly) total rainfalls
at the same rainfall monitoring locations were evaluated over the 1932-2016 interval for the three
Peace River watershed sites and for the period-of-record (1943-2016) at the Myakka River
watershed location. These graphics include a line representing a smoothed five-year moving
average, which provides a general indication of long-term patterns after having reduced some of
the occurring annual variation.

When the long-term rainfall data for the Peace River watershed locations are viewed as annual
totals, the results clearly show both increased variations among the watershed gages and greater
indications of both historical wetter and drier intervals. The calculated five-year moving
averages, which further reduces short-term background “noise,” also indicated relatively longer
wetter and dryer intervals over the selected recent historic periods.

Total annual average watershed rainfall levels at the Bartow and Punta Gorda gages, as well as
the average of the three Peace River basin gages, indicate slightly higher annual rainfall prior to
the 1960s when compared with the period since the late 1960s. Annual rainfall data at the
Arcadia gage indicate a similar decline in the late 1960s, however between the mid 1990s and
2016 annual total rainfall levels at the Arcadia NOAA gage have shown an increase.

Total Wet-season and Dry-season Rainfall — To evaluate possible long-term differences in
seasonal rainfall patterns, time-series plots similar to those developed for annual total rainfall
(above) were also conducted for total annual rainfall for the four month wet-season (June-
September) and for the eight drier months (January-May and October-December). Time-series
plots of total annual wet-season rainfall data at each of the four selected rainfall monitoring
locations are presented in Figures 3.18 through 3.22, while corresponding graphics for total
annual dry-season rainfall levels are presented in Figures 3.23 through 3.27. These graphics also
include a statistically smoothed line of the five-year moving average. In evaluating these
analyses, it should be noted that the terms wet-season and dry-season are applied relative to the
long-term annual average rainfall hydrograph for southwest Florida (Figure 3.3).

Annual average wet-season (June-September) rainfall in the Peace River watershed was, in
general, slightly higher during the 1930s through the mid-1960s when compared with the interval
from the late 1960s through the early 1990s (Figure 3.21). Since approximately 1994 there has
been a notable increase in wet-season rainfall. (Note: Even though annual wet-season rainfall at
the Bartow gage has declined recently.)

All four of the sites show recent marked declines in long-term dry-season (January-May and
October-December) rainfall patterns, although periodic high annual totals were observed
corresponding to past El Nifio events.

3.2.2 Longer Historical Rainfall Patterns in the Peace River Watershed

In order to further evaluate potential longer historic changes in Peace River watershed rainfall
patterns, a series of analyses were conducted using the available long-term 1915-2016 data from
the Bartow, Arcadia and Punta Gorda rainfall monitoring stations.
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The first technique was to plot each annual rainfall value after subtracting it from the basin-
specific long-term average for the entire 1915-2016 period. This long-term average was then
used as a zero value, against which each annual total was sequentially plotted above or below. A
smoothed, five-year moving average was then fitted to the resulting calculated points.

The second method also used the differences between the total annual rainfall and the long-term
basin averages. However, in this instance, a year-by-year cumulative sum of the yearly
difference was plotted over time. The calculated value for each year therefore represented the
running sum of the yearly differences (positive or negative) from the historic 1915-2016 basin
average annual rainfall. For example, Figure 3.33 indicates the long-term pattern in annual
rainfall relative to the historic average at the NOAA Bartow gage over approximately the last
100 years. This figure shows that there was a period of relatively wetter than average years from
roughly 1920 to 1930, and then again during the late 1950s. Since the early 1960s annual
rainfall at this site has continued to be below the long-term average with the exception of brief
periods during El Nifio periods (1982-1983 and 1997-1998) and two recent years (2004-2005)
characterized by numerous tropical storms.
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Figure 3.33 Long-term cumulative annual rainfall above 53.3 inches at Bartow NOAA gage (District
#25164/R142) 1915-2016

The results of these two differing methods of graphical analyses are presented in Table 3.3 using
both total annual rainfalls, as well as separately calculated annual values for just the typical four
summer wet-season months (June-September) and the remaining eight drier season months.
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Table 3.3
Historic 1915-2016 Long-term Watershed Rainfall Patterns
Overall Wet-season Dry-season
Rainfall Gage
District ID Annual & | Cumulative | Annual & | Cumulative | Annual & | Cumulative
5-Year Deviation 5-Year Deviation 5-Year Deviation
Moving from Moving from Moving from
Average Average Average Average Average Average
Peace River Watershed
_ Figure Figure Figure Figure Figure Figure
Bartow - 25164 (R142) 3.28 3.33 3.38 3.43 3.48 3.53
o Figure Figure Figure Figure Figure Figure
Arcadia —24570 (R148) 3.29 3.34 3.39 3.44 3.49 3.54
_ Figure Figure Figure Figure Figure Figure
Punta Gorda —25105 (R255) 3.30 3.35 3.40 3.45 3.50 3.55
Figure Figure Figure Figure Figure Figure
Watershed Average 331 3.36 3.41 3.46 351 3.56
Additional Reference Gage
3 Figure Figure Figure Figure Figure Figure
Myakka State Park — 25793 (R336) 332 337 342 347 352 357

* Note: Period-of-record for the Myakka rainfall monitoring site extends back to only 1943.

These methods were used to distinguish random variations in average annual rainfall levels from
distinct longer-term rainfall patterns in the Peace River watershed. The following conclusions
summarize some of the principal findings of these historical rainfall analyses:

The plots of yearly annual deviations from the historic average annual rainfall for the
three gages in the Peace River watershed (Figure 3.36) further support the previous
conclusions that total annual rainfall in the watershed during the 1940s and 1950s was
above the long-term average of 52.1 inches per year, and has often been below that
average during much of the time since the early 1960s.

Analyses of annual deviations conducted after separating yearly rainfall totals into wet-
season (June through September) and dry-season (October through December and
January through May) indicated slightly higher wet-season rainfall prior to the early
1960s, and increasing again in the early 2000s (particularly during the very wet summers
of 2004/2005 due to the unusually high number of tropical storms that influenced
summer rainfall totals). In contrast, dry-season rainfall more randomly varied around the
long-term average over time, with a notable decline over the past 10-15 years.

Graphical analyses of cumulative: 1) overall; 2) wet-season; 3) and dry-season rainfall
deviations from long-term averages clearly indicate historical differences in watershed
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rainfall patterns. Although there were differences among the three Peace River watershed
rainfall gages, when averaged, total annual rainfall levels were generally average to
above average from the early 1920s through approximately the early 1960s and then
subsequently decreased until the early 1990s.

e The plots of cumulative wet and dry-season rainfall deviations for the three Peace River
watershed gages again demonstrated that annual wet-season rainfall levels from the early
1960s through the first part of the 1990s were lower than the long-term 1915-2016
average. While wet-season rainfall in the Peace River watershed has been somewhat
higher than average over the past decade, dry-season rainfall was been decreasing.

3.2.3 Statistical Trend Analyses of Rainfall

The inherent natural variability in southwest Florida rainfall results in high temporal and spatial
variability in fixed station rainfall data at both small and larger scales. The objective of the
statistical trend analyses (Seasonal Kendall Tau) was to determine if this method of statistical
trend analysis could be applied to further describe observed long-term changes in rainfall
patterns. The term "trends" is used here to refer to progressive changes over time in a metric
(such as the monthly or annual total rainfall), while "seasonal” and shorter-term oscillating
patterns are due to repeating natural processes. This method differs from that used by others
(Basso and Schultz 2003, Kelly 2004) in which significant differences in rainfall between
historic and more recent periods were evaluated by comparing average differences among
decadal (or longer) annual total rainfall levels. The Seasonal Kendal Tau statistic differs in that it
estimates the slope, or rate, of change over time and determines if the measured rate of change is
statistically significant while accounting for serial correlation.

Researchers have proposed a number of parametric and nonparametric (distribution-free)
statistical methods for determining the presence or absence of trends, some of which are more
robust, than others (see below for definition). The objective of these tests is to separate a pattern
(trend) from the “noise” of repeating seasonal and/or random “unexplained noise” in the data.
The ability to detect and quantify, or determine the absence of, progressive changes over time is
imperative to developing a framework and basis for future management decisions.

e Parametric versus Nonparametric Methods. A basic assumption of most parametric
statistical tests is that the data distribution is approximately normally distributed (or that
it can be transformed to be so). The general overall robustness of parametric tests is
dependent on this underlying assumption and provides resistance to the influence of
outlier data. However, environmental data in general, and rainfall and flow data in
particular, often violate this key underlying assumption of the most commonly applied
parametric procedures. Therefore, nonparametric tests are usually considered more robust
when analyzing many kinds of environmental data.

e Robustness, Resistance, and Influence. “Robustness” refers to the insensitivity to
violations of the basic assumptions of a particular statistical procedure. The term
“resistance” by comparison is used to refer to the insensitivity to outliers, while the word
“influence” is used to describe the effect of extreme observations on summary measures.
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Kendall Tau and the Seasonal Kendall Tau tests are nonparametric statistical tests widely used to
analyze data for trends where normality cannot be assumed. These methods can be used to
determine whether data values are increasing, declining, or remaining relatively level over time.
This is accomplished by computing a statistic (Tau) based on the differences among all possible
data pairs, thus representing the net direction of movement of the time-series data. The number
of positive differences minus the number of negative differences is then determined and this is
used to calculate the Mann-Kendall Tau statistic. If the time-series data are systematically
increasing (or decreasing) over time, then the Tau statistic will be a relatively large positive (or
negative) value. If, however, the change over time is negligible, then the number of positive pairs
and the number of negative pairs will be approximately equal, and the Tau statistic will be small.
The Tau statistic can thus be viewed as an estimate of the median slope of the set of slopes
estimated for the lines connecting all possible pairs of data.

The Seasonal Kendall Tau test incorporates an additional factor to account for seasonal variation.
When analyzing monthly data, each month is viewed as a "season" and this method is therefore
directly applicable to flow and rainfall data, which are characterized by strong seasonal patterns.
As in parametric tests, hypothesis testing for a trend is based on the null hypothesis that “there is
no trend.” The null hypothesis can only be rejected if the Tau statistic is sufficiently large at a
given level of probability (p-value).

Statistical tests were conducted using either SAS (Statistical Analysis System) programming
code developed by the U.S. Environmental Protection Agency (USEPA) for nonparametric
analysis of water quality and other environmental data, or DOS (Disk Operating System) code
obtained in the early 1980s directly from USGS. The USEPA SAS code is based on (and
incorporates) the Seasonal Kendall Tau program code originally developed by USGS to test for
trends in flows and water quality data. Both the SAS and DOS codes provide two alternative
methods for determining if data exhibit a statistically significant trend at a given level of
probability. The first method assumes that the seasonal data are independent, while the second
method corrects (or de-trends) for “serial autocorrelations” within the data. Monthly rainfall
(and flow) data are often serially correlated (the values in many months are similar to either the
preceding or following months). Therefore, statistical Seasonal Kendall Tau probabilities
corrected for serial correlations were used for tests of trends in monthly values over selected time
intervals. Both Seasonal Kendall Tau programs used also estimate the slope of the calculated
trend in units of change per year.

Rainfall data at each of the four long-term gages were tested for statistically significant trends
first using monthly totals (Table 3.4) and then alternatively based on annual levels (Table 3.5).
The initial test for trends was conducted over the 1932-2016 time period (corresponding to the
longest record of gaged historic flows) for the three Peace River watershed sites, and over the
somewhat shorter 1943-2016 period-of-record for the Myakka River watershed gage. These
same analyses were then again repeated over the 1976-2016 time period, which corresponds with
the interval of HBMP monitoring. The sign and magnitude of the calculated Seasonal Kendall
Tau statistic, and the slope indicate direction and degree of change, while the probability values
indicate the likelihood that the change is statistically significant. Since monthly rainfall totals are
seasonally autocorrelated, the probabilities for these monthly based tests are corrected for serial
correlations.
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Overall, the results presented in the graphical and statistical analyses of historic rainfall patterns
extend and support findings previously described in the 2002, 2006 and 2011 Peace River
HBMP Comprehensive Summary Report (PBS&J 2004, 2009; Atkins 2013) and the Peace River
Cumulative Impact Study (PBS&J 2007). The following summarize the key findings regarding
the long-term variability of seasonal rainfall patterns in southwest Florida:

e The average annual rainfall pattern for the Peace River watershed (Figure 3.3) shows that
more than half of the total annual rainfall typically falls within the four-month summer
wet-season between June and September.

e However, the results of the time-series plots (see Table 3.3) clearly show that over the
forty-one year period of HBMP monitoring (1976-2016) there has been considerable
unevenness in both seasonally and annually based rainfall levels. The sources of such
variability can often be directly linked with influences of major climatic events such as
unusually wet winter/spring EI Nifio periods (1982-1983 and 1997-1998) that were
subsequently followed by La Nifa influenced extended drought conditions (1985-1990
and 1999-2002), or periodic tropical events such as those that occurred in 2004 when
three hurricanes (Charley, Frances, and Jeanne) all directly impacted the Peace River
watershed, followed by the high number of tropical lows that influenced summer rainfall
during 2005.

e When annual and seasonal rainfall patterns are analyzed over longer historic time
intervals, such as 1932-2016 or 1915-2016, more distinctive decadal patterns become
apparent.

e Graphical analyses using cumulative differences of historical changes in rainfall patterns
indicate that such decadal changes have been small relative to both monthly and annual
variations, and that the observed changes in historical rainfall levels have been primarily
associated with small changes during the four month summer wet-season.

e The data also suggest that during the historically slightly wetter summer periods from the
1930s to the 1960s rainfall levels in both May and June were somewhat higher than
during the drier summers between 1969 and 1994.

e Monthly and annual rainfall levels at the Peace River Bartow gage were statistically
significant over the period of record from 1932-2016 (Tables 3.4 and 3.5). The other two
long-term Peace River locations did not yield statistically significant trends in monthly or
annual rainfall for the period 1932-2016.

e Overall, analyses of the rainfall data show apparent differences between the two inland
rainfall gages (Bartow and Arcadia), and the more coastal Myakka River recording site.
The more coastal rainfall gage has often (especially during drier periods) had slightly
higher measured rainfall levels, and the long-term patterns at the more coastal location
show neither the distinct wet-season declines following the 1960s nor the recovery
following the early 1990s apparent from rainfall measurements at the two inland Peace
River watershed gages.
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e There were no significant trends in either total monthly or annual rainfall levels over the
1976-2016 HBMP monitoring program period at any of the four tested rainfall locations.

3.3 Status and Trends in Gaged Watershed Freshwater Inflows

A number of studies in recent years have evaluated historic flow trends and patterns in portions
of the Peace River watershed and addressed potential causes relative to observed changes in
seasonal and longer term flow patterns. The following lists some of these key studies:

Kelly, Munson, and Leeper (2005),
PBS&J (1999, 2006, 2007, 2009), and
Janicki Environmental, Inc (2013).

e Peek (1951),

e Hammett (1990, 1992, 1998),
e Lewelling and Wylie (1993),

e Coastal Environmental (1996),
e Hickey (1998),

e Lewelling, Tihansky, and Kindinger (1998),
e Flannery and Barcelo (1998),
e Ardaman & Associates (2002),
e Basso and Schultz (2003),

e SDI (2003),

e Basso (2004),

e Kelly (2004),

[ J

[ ]

[ ]

Peek (1951) was one of the first to show a relationship between the loss of flow from Kissengen
Spring and the lowering of the potentiometric surface in the Floridan aquifer system. The
lowering of the potentionmetric surface occurred due to excessive ground water pumping
primarily associated with the expansion of phosphate mining in the upper Peace River watershed.
Hammett (1990) subsequently identified statistically significant declines in long-term annual
mean discharges at the Peace River at Bartow, Zolfo Springs, and the Arcadia USGS gaging
stations over the period between the 1930s and 1984. Hammett also suggested that such
observed declines in Peace River flows were probably related to the declines in the water levels
in the underlying aquifer systems resulting from increased ground water withdrawals. Her
analyses indicated that the largest declines in river flows were in the northern and eastern parts of
the watershed where the greatest reductions in the potentiometric ground water surface had
occurred.

Lewelling et al. (1998) updated and extended the Hammett (1990) analysis by including the
subsequent 10 years of gaged river flows and found the same declining trends when flows were
analyzed over the interval from the 1930s to 1994. Other studies (Kelly 2004, Basso 2004 and
Kelly et al. 2005) have indicated that there are long-term patterns in the Peace River watershed
flows that can be related to the previously discussed cyclical Atlantic Multidecadal Oscillation
(AMO) rainfall phases. These studies found decadal differences in mean and median flows that
closely match the wet 1932-1969, dry 1969- 1994 and again wet 1994-present AMO phases, and
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indicated that such changes were primarily associated with decadal differences in summer wet-
season flows.

Additional analyses based on USGS flow records through 2004 and 2006 (PBS&J 2007 and
2009) found similar historic flow patterns relative to mean and median monthly flows at long-
term USGS gages both within the Peace River and other nearby watersheds. The PBS&J
analyses, however, also revealed distinctly different long-term patterns in base flows (lower
monthly percentiles) in different regions of the Peace River watershed. Base flows at the USGS
gages in those basins found in the upper portions of the watershed show marked declines that can
be directly linked to increased ground water withdrawals and historic reductions in ground water
levels and spring flows. Historically, loss of the potentiometric surface in the Floridan aquifer
system can be traced to the expansion of phosphate mining in the northern watershed. However,
over more recent decades, ground water withdrawals associated with mining have declined and
been replaced by increases in agricultural demands and potable uses. Agricultural ground water
use in the southern Peace River watershed basins have increased to such an extent that base
flows in these Peace River tributaries have been distinctly augmented. There are some streams
and creeks that were previously seasonally dry that now often have some flow throughout the
year due to agricultural discharges.

Janicki Environmental, Inc. (2013) examined trends in streamflow throughout the Charlotte
Harbor National Estuary Program study area using Index of Hydrologic Alteration (IHA) metrics
computed for USGS flow records through 2010. Results suggested that many alterations to the
hydrology have occurred in the Upper Peace River, the Myakka River, the Tidal Caloosahatchee,
and tributaries of the Estero Bay watershed. Consistently decreasing trends were observed for
many of the flow statistics within the Upper Peace River. Base flows in the Myakka River near
Sarasota appeared to be increasing as evidenced by increasing trends in several of the annual
minima statistics. Increases in the minima statistics in the Myakka River were noted to have been
attributed in other reports as influenced by historical agricultural water use practices and that
significant efforts at ameliorating those effects have been made in recent years. Joshua Creek
exhibited similar results to the Myakka River with respect to increases in minima statistics over
time. However, many of the other gages exhibited no trends indicating stable conditions over the
period of record examined.

For this current 2016 Comprehensive Summary Report, the gaged flow records for ten long-term
USGS stream flow monitoring sites in the Peace River watershed and the Myakka River near
Sarasota gage were obtained from the USGS Tampa website. Since USGS flow data are
periodically updated from “provisional” data or corrected based on revised information, new
period-of-record flow data for each gage were obtained and reviewed from the USGS website
rather than simply updating previous HBMP information.

The following summary information for each of the analyzed long-term USGS stream flow
gaging locations is presented in Table 3.6.

e USGS gage ID number,
e (Gage identification name,
e Location (latitude & longitude),
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e Elevation of gaging site,
e Basin/watershed area upstream of the gaging location (drainage area), and
e Historical period-of-record interval of data (start through 2016).

Selected USGS Flow Gages

Table 3.6

Basin

USGS o _ _ Elevation Area Start of
D Gages Within Study Area Latitude | Longitude | NGDV29 (square Flow
(meters) miles) Record
Peace River Watershed
2294650 | Peace River at Bartow 27°54'07" 81°49'03" 87.56 390.0 10/01/39
2294898 | Peace River at Fort Meade 27°45'04" 81°46'56" 0.00 480.0 06/01/74
2295420 | Payne Creek near Bowling Green 27°37'13" 81°49'33" 51.06 121.0 10/01/63
2295637 | Peace River at Zolfo Springs 27°30'15" 81°48'04" 30.20 826.0 09/01/33
2296500 | Charlie Creek near Gardner 27°22'29" 81°47'48" 21.66 330.0 05/01/50
2296750 | Peace River at Arcadia 27°13'19" 81°52'34" 6.00 1367.0 04/01/31
2297100 | Joshua Creek at Nocatee 27°09'59" 81°52'47" 3.94 132.0 05/01/50
2297310 | Horse Creek near Arcadia 27°11's7" 81°59'19" 10.96 218.0 05/01/50
2298123 | Prairie Creek near Fort Ogden 27°03'06" 81°47'05" 25.00 233.0 10/01/63
2298202 | Shell Creek near Punta Gorda 26°59'04" 81°56'09" 0.00 373.0 01/01/66
Additional Reference Gage
2298830 | Myakka River near Sarasota 27°14'25" 82°18'50" 7.92 229.0 09/1/36

3.3.1 Time-Series Plots

Time-series plots of monthly flows were plotted for the period-of-record for each of the long-
term USGS gaging sites. The organization of these plots within this document is presented in
Table 3.7. Monthly summary flow statistics were plotted to facilitate evaluation of potential
differences among a number of statistics commonly applied to flow metrics.

The graphs include monthly flows as well as a fitted, smoothed line, which was plotted using a
SAS cubic spline method that minimizes both the linear combination of the sums of squares of

the residuals of the fit as well as the integral of the square of the second derivative.

The

statistical metrics used included seven monthly flow percentiles, including minimum and
maximum values, as well as the monthly mean are as follows:

PO Percentile — the minimum or lowest monthly value,
P10 Percentile — low flow value that was exceeded ninety percent of the time,
P25 Percentile — low flow value that was exceeded seventy-five percent of the time,

P50 Percentile — or median value, half of the monthly values were both greater and less,
P75 Percentile — high flow value that was exceeded only twenty-five percent of the time,

Peace River/Manasota Regional
Water Supply Authority
Janicki Environmental, Inc.

3-21

2016 HBMP Comprehensive Summary Report

October 2017




Chapter 3 — Hydrological Status and Trends

e P90 Percentile — high flow value that was exceeded only ten percent of the time,
e P100 Percentile — the maximum or highest monthly value, and

e Mean- this average monthly value is usually above the median when evaluating flow
data.

Among the presented graphics (Figure 3.58 through Figure 3.161), variable scales were selected
to provide the context of the full range of data being presented. While the use of such variable
scales allows viewing greater detail within individual plots, care needs to be taken when making
comparisons among plots. As an example, due to changes in scale, what may appear to be large
changes in minimum monthly flows would probably completely disappear when evaluating
changes in the maximum monthly values over time.

Similar graphics plotted over the thirty-six year period of HBMP monitoring (1976-2011) were
also generated to provide uniform comparisons with other HBMP monitoring elements. The
organization of these additional plots is presented in Table 3.8.

3.3.2 Statistical Analyses for Trends in Flows, Period-of-Record

River flows can vary both spatially and temporally over both small and large scales due to
natural variations in rainfall, as well as anthropogenic influences associated with urbanization,
mining, and agricultural practices. The term "trends™ is used here to refer to progressive changes
over time in a flow metric (such as the monthly mean flow), while "seasonal™ and shorter term
oscillating patterns are normally due to repeating natural processes. The Seasonal Kendall Tau
test incorporates a factor to account for seasonal variation. When analyzing monthly data, each
month is viewed as a "season" and this method is therefore directly applicable to southwest
Florida’s strong seasonal flow patterns (Figure 3.4).

Statistical tests were conducted using SAS and DOS programming code developed by the
USEPA and USGS for nonparametric analysis of water quality and other environmental data (see
previous discussion above in Section 3.2.3). Tables 3.9 through 3.16 provide summary results of
Seasonal Kendall Tau tests for trends in flows over the period-of-record for each of the
previously discussed time-series plots (Figure 3.58 through Figure 3.161.) In these analyses,
trends in flows were tested over the period-of-record for each of the 10 long-term Peace River
watershed USGS stream flow gaging sites and the Myakka River near Sarasota gage. Table 3.17
summarizes the tabular organizations of the presented Seasonal Kendall Tau statistical trends of
monthly based flow metrics tests analyzed for each of the long-term series at the selected
locations.
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Table 3.17

Summary of Results of Seasonal Kendall Trend Analyses
(Long-term Period-of-Record)

Flow Metric Summary Table Flow Metric Summary Table
PO Percentile (Minimum) Table 3.9 P75 Percentile Table 3.13
P10 Percentile Table 3.10 P90 Percentile Table 3.14
P25 Percentile Table 3.11 P100Percentile (Maximum) Table 3.15
P 50 Percentile (Median) Table 3.12 Mean Table 3.16

The specific information presented in these summary tables is as follows:.
e Station identification (USGS ID and gage name);

e Time period designating the first complete year of annual flow data (trends were tested
from this period through 2016);

e Number of years over which the trend test was conducted:;

e Tau Statistic, for which positive values indicate an increasing trend over time, while
negative values indicate a declining trend. The larger the absolute value is, the greater
the indicated change over the tested time interval;

e P-values without correction for serial correlations. (These values were not used in these
analyses since other analyses have shown that monthly flow values are often highly
serially correlated);

e P-values statistically corrected to account for serial correlations (the values used); and

e Slope, which indicates the magnitude of the relative rate of change, with the sign
indicating either an increasing or decreasing change over time (trend), the presented
value represents the estimated change in units (cfs) per year over the analyzed time
interval.

The overall results of Seasonal Kendall Tau trend tests presented in Tables 3.9 through 3.16 are
graphically summarized in Table 3.18. Arrows depict significant increasing or decreasing trends
for a given flow percentile at each of the USGS gaging sites. Red arrows denote statistically
significant trends over the period-of-record at the P<0.05 level, while blue arrows indicate
significant trends at a lesser P<0.10 level. Empty cells indicate no significant trends in flows
based on the Seasonal Kendall Tau test results corrected for serial correlations. The following
summarizes the observed trends in flows at the USGS gaging sites over the individual periods-
of-record, and notes appropriate instances where the present analyses differ notably from those
previous reported in the 2011 HBMP Comprehensive Summary Report:
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e The trend analyses indicate that there have been long-term statistically significant
declines in flows at the USGS main Peace River stream gages in the upper reaches of the
watershed at both Bartow (since 1940) and Zolfo Springs (since 1934).

e Main channel flows in the middle portion of the Peace River watershed, characterized by
the Peace River at Arcadia, previously (2011 analyses) indicated statistically significant
declines in a number of flow metrics over the period-of-record. Updated 2016 analyses
yield highly statistically significant declines over the 85-year period of USGS flow
monitoring at Arcadia, for all flow percentiles examined. This is likely due in large part
to the persistent drought lasting 2006-2011.

e The southern tributaries of the Peace River watershed have historically exhibited highly
augmented base flows linked to dry-season, agricultural irrigation discharges of higher
conductivity groundwater (PBS&J 2007, 2009). Previous analyses conducted in the 2006
Comprehensive Summary Report indicated statistically significant increases in the lower
flow percentiles (base flows) at both the Prairie and Shell Creek gages, with all the flow
percentiles at the Joshua Creek gage increasing over the long-term period of record. The
summary results of 2011 Comprehensive Summary Report updated trend analyses
continued to show significant increases, with the exception of maximum monthly flow, in
all the Joshua Creek gage flow metrics. However, the 2011 analyses presented only
showed a significant increase in the minimum flow at the Prairie Creek gage and no
statistically significant changes in any of the flow percentiles at the USGS Shell Creek
gage over the period of record. Updated 2016 analyses (Table 3.18) show the
continuation of the decreasing trend at Joshua Creek (all metrics), significant increases at
Prairie Creek for minimum, P10 and P25 metrics, and no significant changes in any of
the flow percentiles at Shell Creek. It is difficult to determine if these observed
differences are primarily the result of the recent extended drought from 2006-2011, the
District’s ongoing efforts to reduce high conductivity agriculture groundwater discharges
into the Shell Creek watershed and ultimately into the downstream reservoir that serves
as the City of Punta Gorda’s primary drinking water supply, or a combination of both.

e The increased flows at the Joshua Creek gaging station are similar to those observed
outside the Peace River watershed at the Myakka River near Sarasota gage, which has
also historically experienced anthropogenically augmented flows.

e Even with agriculturally augmented dry-season flows in portions of the southern
watershed basins, combined total gaged flows upstream of the Facility still show
statistically significant declines over the 1951 to 2016 interval for all monthly percentiles.
This differs somewhat from the earlier analyses conducted through 2006, where
statistically significant declines in total gaged flows upstream of the Facility were
apparent in flow percentiles below the median. Again, this difference can be directly
attributed to the abnormally low rainfall/flows that characterized much of the 2006-2011
time interval.

The interpretation of such trend comparisons among basins over different time intervals can only
be fairly general, since the results of trend analyses can differ appreciably depending on the time
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intervals tested. An alternative approach, was therefore, applied to identify the time periods over
which the trends occurred, and subsequently provide direct comparisons among the various
gaging sites in the Peace River watershed basins. A series of Seasonal Kendall Tau trend tests
were run for each of the USGS gaging sites using standardized five-year intervals, such that the
number of intervals tested for each gage differed depending on the length of the gage’s particular
period-of-record. The Peace River at Zolfo Springs gage, for example, has a relatively long
historic record so trend tests were run in five-year intervals starting in 1935 (1935-2016, 1940-
2016, 1945-2016, 1950-2016, etc.). Since it usually requires six to eight years of monthly data to
determine statistical significant trends in highly seasonal data, the last interval used for all gages
was 2005-2016. In order to facilitate the comparisons among gages, trend tests were conducted
for three selected monthly flow metrics as follows:

e Low flow P10 Percentile, which is exceeded ninety percent of the time,
e Median flow P50 Percentile, which is greater and less than half the monthly flows, and
¢ High flow P90 Percentile, which is exceeded only ten percent of the time.

The results of Seasonal Kendall Tau test for trends among comparable intervals for each of the
ten long-term USGS flow gaging stations in the Peace River watershed and the Myakka River
near Sarasota gage are summarized graphically in Table 3.19. As in Table 3.18, the directions of
the arrows denote statistically significant increasing or decreasing trends. Red arrows indicate
trends between each date and 2016 at the P<0.05 level, while blue arrows indicate significant
trends at a lower P<0.10 level. Empty cells indicate an absence of trends based on the Seasonal
Kendall Tau results corrected for serial correlations, while filled boxes indicate that the gaged
period of record did not include data for that interval. The following flow trends and generalized
patterns are evident in Table 3.19. Changes are noted where the current results differ markedly
from those in the previous 2006 or 2011 HBMP Comprehensive Summary Report.

e In general, the high degree of both seasonal and yearly variability in flows requires a
lengthy record of monthly flow values to ascertain whether changes over time are
statistically significant when correcting for serial correlations.

e Low, median, and higher flows at the three Peace River gages in the main channel
(Bartow, Zolfo Springs, and Arcadia) show significant declines over longer time intervals
beginning in the 1930s, 1940s, 1950s and 1960s. However, there have not been any
statistically significant changes in the tested flow percentiles at any of these three
locations since 1975 (42 years).

e Increased flows in Joshua Creek are conspicuous, since the increases occur over most of
the gaged period-of-record for low and median flow percentiles when analyzed at flow
intervals beginning up to the early 1980s, and for high flow percentiles for flow intervals
up to 1970.

e While previous (2006) trend analyses of Prairie Creek flows indicated augmented flows,
there was little indication when analyzed through 2016. Again, this gage has a relatively
short record making it difficult to determine if this change reflects actions by the District
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3.3.3

to reduce agricultural groundwater discharges, or simply the severity of the recent period
of drought.

Gaged flows at the Shell Creek dam showed statistically significant declines when
analyzed over both the relatively short 1990-2016 and 1995-2016 time intervals. These
declines were also detected in 2011 analyses, but not previously (through 2006)
suggesting that Shell Creek flows (like those in the main stem of the Peace River) have
been highly impacted by the magnitude and duration of the 2006-2011 drought.

Similarly, previous trend analyses conducted in 2006 indicated significant increases in
Horse Creek gaged flows over the 1965-2006, 1970-2006 and 1975-2006 intervals. No
such changes were apparent in the current analyses when the data were analyzed through
2016, or in the previous analyses completed through 2011. Again, the recent extended
drought is probably the obvious proximate cause of this observed change. However, it
should be noted that expanded phosphate mining has been occurring in the upper reaches
of the Horse Creek watershed.

In 2006, the effects of anthropogenic flow augmentations in the Myakka River near
Sarasota resulted in substantial statistically significant increases in flows over all periods
up to 1975. However, when flows were analyzed through 2011, and again through 2016,
the results show increases in flows over the longer time intervals, and statistically
significant declines when flows are only analyzed over more recent periods. Again, this
dichotomy further reveals the severity of the 2006-2011 drought in watershed flows.

Statistical Analyses for Trends in Flows, 1976-2016

Analogous Seasonal Kendall Tau trend test procedures were next used to analyze monthly flow
metrics at each of the previously used USGS gaging sites over the 1976-2016 period, which
corresponds with the historic interval of lower Peace River/upper Charlotte HBMP monitoring.
The overall results of Seasonal Kendall Tau trends tests presented in Tables 3.20 through 3.27
are graphically summarized in Table 3.28.

Table 3.29 summarizes the organization of the Seasonal Kendall Tau statistical trend test results
of monthly based flow metrics from the series of selected locations over the 1976-2016 interval.

Table 3.29

Summary of Results of Seasonal Kendall Trend Analyses
(1976-2011 Period)

Flow Metric Figure Number Flow Metric Figure Number
PO Percentile (Minimum) Table 3.20 P75 Percentile Table 3.24
P10 Percentile Table 3.21 P90 Percentile Table 3.25
P25 Percentile Table 3.22 P100 Percentile (Maximum) Table 3.26
P50 Percentile (Median) Table 3.23 Mean Table 3.27
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The following summarizes the results presented in Table 3.28 relative to the trend analyses of
Peace River watershed flows between 1976 and 2016. Major differences are described between
the current results and similar analyses conducted in the 2006 and 2011 HBMP Comprehensive
Summary Report.

e No statistically significant trends in flows at any of the USGS gages along the main stem
of the Peace River were previously apparent when flows were previously analyzed over
the period between 1976 and 2006. However, when analyzing flows over the period
1976-2011, declines in both the monthly minimum and P10 (Q90) gaged flows at both
the Bartow and Zolfo Springs USGS sites were indicated. In the current report, analyes
were extended to 2016, and once again, no significant trends in flows along the main
stem were apparent (Table 3.28).

e Previous trend analyses of flows through 2006, at a number of USGS gaging sites in the
southern Peace River watershed basins indicated extensive patterns of increasing flows.
Specifically, all flow percentiles at the USGS Joshua Creek at Nocatee gaging location,
and flow metrics below the median within Horse and Prairie Creeks all were found to
have statistically significantly increased. These basins have experienced extensive
expansion and changes from less to more intense agricultural development during the
past several decades (PBS&J 2007). Expanded agricultural development has resulted in
both increases in surface drainage and ditching, as well as large discharges of ground
water to receiving surface waters during seasonally drier periods. These observed
increases in high conductivity base flow in the Peace River tributaries upstream of the
Facility have resulted in historic water quality changes and potential influences on the
downstream Facility during lower spring dry-season flows (PBS&J 2009).

e The current analyses extended through 2016 still show highly augmented flows in the
Joshua Creek watershed. However, the only other observed significant increase over the
1976-2016 periods was with regard to minimum monthly flows at the Prairie Creek gage,
and a less statistically significant increase in P25 monthly flows at the same location.

e The observed differences in trends may indicate that not only have all three of these
southern Peace River watershed basins seen augmented dry-season stream flows due to
agricultural ground water pumping, but that the degree of land use and drainage changes
that have occurred in the Joshua Creek watershed have also resulted in structural changes
that have fundamentally altered hydrologic surface flows in the basin.

3.4  Additional Analyses and Comparisons of USGS Gaged Flows in Peace
River Watershed

Several alternative analytical methods were used to further investigate and evaluate historical
natural and anthropogenic changes in USGS gaged Peace River basins flows, and provide
comparisons with long-term changes in regional rainfall patterns. In many instances, these
additional analytical procedures are similar to those applied in previous studies of patterns and
changes in Peace River watershed flows and rainfall, listed above in Section 3.3.
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3.4.1 Comparisons of Flows among Atlantic Multidecadal Oscillation Periods

Graphical and statistical analytical methods were used to evaluate whether the proposed Atlantic
Multidecadal Oscillation (AMO) events might account for previously observed patterns of higher
flows that occurred during the 1930-1960 time interval, the observed declines in flows during the
1960s and early 1970s, the subsequent signs of increasing flows in the mid 1990s, and the recent
historical period that has been characterized by periods of severe drought between 1999-2002
and 2006-2011. The three AMO periods evaluated included the warmer wet phase prior to 1969,
the cooler dry interval between 1969 and 1994, and the recent warmer wet period since 1995 (see
Figure 3.5 above). A limitation to these analyses was that the differences in periods of record
among the USGS gaging stations made uniform comparisons among the three AMO phases for
all of the flow gaging locations impossible.

Comparisons of Average Monthly Flows

This initial method utilized monthly average flows standardized by watershed basin areas and
grouped by each of the three AMO periods. Flows were standardized relative to the upstream
area (square miles) of each USGS gaging site (see Table 3.6) in order to also provide
comparable relative estimates of differences among long-term intervals in the contributing flows
per unit upstream contributing area among the Peace River watershed basins. The resulting
values are shown plotted as average annual hydrographs to evaluate variability and potential
differences among the three proposed recent historical AMO phases. Flow statistics using four
different flow metrics were calculated for each of the selected Peace River gaging stations and
the Myakka River near Sarasota basin to assess potential seasonally based differences relative to
possible AMO influences. Annual average hydrographs are presented for each of the flow
metrics:

P10 Percentile — low flow value that was exceeded ninety percent of the time,

P50 Percentile — or median value, half of the monthly values was both greater and less,
P90 Percentile — high flow value that was exceeded only ten percent of the time, and
Mean - the average monthly value (usually above the median for flow data).

Table 3.30 identifies time intervals associated with flow data for each USGS gaging site and
indicates the organization of the individual hydrographs presented in Figures 3.266 through
3.317. Several distinct differences in the annual average hydrographs among the proposed AMO
phases are apparent in the presented figures, as indicated in Figure 3.313 below.

e The historical flow data for several USGS gaging sites (Peace River at Bartow, Peace
River at Zolfo Springs and the Peace Rivera at Arcadia; Charlie, Joshua and Horse
Creeks ; and the Myakka River near Sarasota) include information from both the
proposed warmer “wet” AMO phases prior to 1969 and the more recent period since
1995, as well as what is believed to have been the cooler “dry” phase between 1969-
1994. These gaging sites thus provide sufficient long-term records to assess potential
historical seasonal differences among the last three apparent AMO periods.
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e Comparisons of low (P10) average monthly flows among the three AMO phases clearly
indicates higher wet-season (June through September) values for this metric prior to
1969. All of the USGS gaging sites in the mainstem of the Peace River show that the
recent interval since 1994 has been characterized by lower P10 flows during the usually
drier months of the year, than was characteristic during either of the two preceding AMO
intervals. Again, these results reflect the intensities of the recent 1999-2001 and 2006-
2011 droughts that have influenced much of southwest Florida.

e No consistent patterns are apparent among the longer term gaging sites in the annual
average hydrographs of Median (P50) flows, although within the mainstem of the Peace
River median flows were somewhat higher in the wet-season months prior to 1969.

e Wet-season (June-September) summer flows are indicated to have been distinctly higher
for both mean and high (P90) flows at the long-term gages (including the combined
gaged flow upstream of the Facility) during the two warmer “wet” AMO periods when
compared to the cooler “dry” 1969-1994 phase.

e Overall, to date, the recent “wet” AMO interval (since 1994) has been characterized by
both generally wetter wet-seasons and drier dry-seasons annually (as expressed by the
P10 flows) than the preceding “dry” AMO interval that preceded it (1969-1994). Should
this pattern persist, it will put a greater emphasis on the Facility’s recent (2009) expanded
and enhanced capabilities to withdraw and store water over the relatively shorter intervals
of the wet-season, and meet demands from off-stream storage during extended drier
periods.
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Figure 3.313 Seasonal differences among AMO periods of monthly mean gaged flow upstream of the Facility
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Table 3.30
Summary of Seasonal Differences Among Three Historical AMO Periods
at Long-term USGS Gages for Differing Flow Metrics

Time P50
USGS e .
Gage Identification Period of (orP(:SgO) (or Q50) (orPgCl)O) Mean
ID Data (Median)

Peace River Watershed
2294650 | Peace River At Barto 1940-2016 Figure Figure Figure | Figure
v w 3.266 3.279 3.292 3.305
2294898 | Peace River At Fort Meade 1975-2016 Figure Figure Figure | Figure
3.267 3.280 3.293 3.306
. Figure Figure Figure Figure
2295420 | Payne Creek Near Bowling Green | 1980-2016 3268 3281 3294 3307
2295637 | Peace River At Zolfo Springs 1934-2016 Figure Figure Figure Figure
v pring 3.269 3.282 3.295 3.308
2296500 | Charlie Creek Near Gardner 1951-2016 Figure Figure Figure | Figure
) 3.270 3.283 3.296 3.309
2296750 | Peace River At Arcadia 1932-2016 Figure Figure Figure | Figure
3.271 3.284 3.297 3.310
2297100 | Joshua Creek At Nocatee 1951-2016 Figure Figure Figure Figure
u 3.272 3.285 3.298 3.311
2297310 | Horse Creek Near Arcadia 1951-2016 Figure Figure Figure | Figure
) 3.273 3.286 3.299 3.312
. Figure Figure Figure Figure
Total Gaged Flow at Facility 1951-2016 3974 3087 3300 3313
. Figure Figure Figure Figure
2298123 | Prairie Creek Near Fort Ogden 1978-2016 3275 3088 3301 3314
Figure Figure Figure Figure
2298202 | Shell Creek Near Punta Gorda 1965-2016 3.276 3.289 3.302 3315
Figure Figure Figure Figure
Total Gaged Flow to Harbor 1965-2016 3977 3290 3303 3316

Reference Basin

2298830 | Myakka River near Sarasota 1937-2016 Figure Figure Figure Figure
y v 3.278 3.291 3.304 3.317

Differences in Cumulative Distributions

Cumulative Distribution Function (CDF) plots were also used to examine potential differences in
gaged watershed flows among the three proposed differing AMO intervals. CDF plots are a
graphical method often used to evaluate potential differences in frequency distributions among
data sets with large numbers of observations. In simple terms, a CDF plot indicates the
probability that a measured variable (in this case a basin area standardized daily flow) is less than
or equal to x, and can be expressed by the equation that follows.
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F(x)=Pr(X <x)=a

The expression for variables with continuous distributions can be calculated using the following
formula.

X

F(x)= j f (u)du

0

Where F(x) is the estimated accumulated probability of the integrated change in the continuous
variable (flow).

CDFs were plotted for the three AMO periods: 1) on an overall annual basis; 2) for the four
month summer wet-season (June-September) only, and 3) for the remaining eight drier months
(October-May). Plots are presented in Figures 3.318 through 3.356 and summarized in Table
3.31. AMO periods with higher flows have statistical distributions (CDF lines) shifted to the
right compared with CDF lines for the drier periods, which are comparatively shifted to the left.
The results of the CDF analyses further support the previous conclusions that flows measured at
the USGS sites during the 1969-1994 cool “drier” AMO phase were generally lower when
compared with flows recorded during the two warmer “wetter” AMO periods (prior to 1969 and
following 1994.) The statistical distributions also indicate that differences in the summer wet-
season (June-September) flows between the warm and cool AMO periods were generally greater
than during the rest of the year (October-May).

Table 3.31
CDF Comparisons Among AMO Periods

USGS Initial sz\fﬁt(;n Dry-season
D Gage Identification Ygar of Overall June- November-
ata October May

Peace River Watershed
2294650 | Peace River At Bartow 1940 Figure 3.318 | Figure 3.331 | Figure 3.344
2294898 | Peace River At Fort Meade 1975 Figure 3.319 | Figure 3.332 | Figure 3.345
2295420 | Payne Creek near Bowling Green 1980 Figure 3.320 | Figure 3.333 | Figure 3.346
2295637 | Peace River At Zolfo Springs 1934 Figure 3.321 | Figure 3.334 | Figure 3.347
2296500 | Charlie Creek Near Gardner 1951 Figure 3.322 | Figure 3.335 | Figure 3.348
2296750 | Peace River At Arcadia 1932 Figure 3.323 | Figure 3.336 | Figure 3.349
2297100 | Joshua Creek At Nocatee 1951 Figure 3.324 | Figure 3.337 | Figure 3.350
2297310 | Horse Creek Near Arcadia 1951 Figure 3.325 | Figure 3.338 | Figure 3.351
Total Gaged Flow Upstream of the Facility 1951 Figure 3.326 | Figure 3.339 | Figure 3.352
2298123 | Prairie Creek Near Fort Ogden 1978 Figure 3.327 | Figure 3.340 | Figure 3.353
2298202 | Shell Creek Near Punta Gorda 1965 Figure 3.328 | Figure 3.341 | Figure 3.354
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Table 3.31
CDF Comparisons Among AMO Periods
. Wet-
USGS - Initial season Dry-season
Gage Identification Year of Overall November-
ID Data S Ma
October Y

Total Gaged Peace River Flow to Harbor 1965 Figure 3.329 | Figure 3.342 | Figure 3.355

Other Reference Basins
2298830 | Myakka River near Sarasota | 1937 ‘ Figure 3.330 | Figure 3.343 | Figure 3.356

3.4.2 Cumulative Differences in Flows in the Peace River

The preceding analyses (see Table 3.3 above) of cumulative rainfall differences indicated that
during the 1940s and 1950s rainfall was generally above the long-term rainfall average, while
during the 1970s and 1980s annual total rainfall was below average. A similar analysis of the
cumulative deviation from average of total annual Peace River flow at the Arcadia gage is
presented for comparison in Figure 3.357. As expected, when plotted as cumulative deviations
from the long-term average overall, the observed differences in historic patterns are similar to
those previously described for rainfall (Figure 3.34). Similar cumulative deviations in flows
were also developed for the four month wet-season (Figure 3.358) and the eight drier months
(Figure 3.359). The 85-year plots of both overall and wet-season cumulative Peace River at
Arcadia flow deviations exhibit nearly identical patterns. In contrast, the cumulative deviation
plot of Peace River at Arcadia dry-season flows indicates periods of declining flows having
occurred during both the mid 1930s and 1940s. This same pattern is also apparent in the
comparable dry-season cumulative rainfall deviation plots.

Table 3.32
Comparisons of Cumulative Differences in Rainfall and Flow at Arcadia Gages
Rainfall Period Cumulative Difference in Rainfall* Cumulative Difference in Flow
Total Annual Rainfall Figure 3.34 Figure 3.357
Total Annual Wet-season Rainfall Figure 3.44 Figure 3.358
Total Annual Dry-season Rainfall Figure 3.54 Figure 3.359

* From previous portion of chapter

Analogous plots of total gaged flows upstream of the Facility are further presented over the
1952-2016 time frame for which there are available data for all three upstream gages (Figures
3.60, 3.61 and 3.62). Again these graphics show the marked declines in both wet and dry-season
flows over the period from the late 1960s through the 1990s, with dry-season flows rebounding
before those during the normally wetter four summer months. Both wet and dry season flows
show marked declines between 2006 and 2011, with wet season flows having increased again in
recent years.
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3.4.3 Analyses of Cumulative Flow and Rainfall Relationships

A hydrological method that has been used by others (Hammett 1988 and 1990, Hicky 1998,
Basso 2002, PBS&J 2007) to evaluate potential historical changes in Peace River watershed
flows has been to graph cumulative annual flows over time (sometimes referred to as “single
mass plots”). Changes in flow patterns can be evaluated based on changes in the slopes of lines
graphically fitted to the cumulative annual flows over time. When “breaks” in the slopes of
these fitted lines occur, the corresponding years (along the X-axis) have been interpreted as
reflecting periods when natural or anthropogenic influences have changed annual average flows.
Similarly, graphical analysis of cumulative annual rainfall totals has been used to detect natural
variations in long-term rainfall patterns. An additional application of this method has been to
evaluate the relationships between changes in rainfall and flows by graphing cumulative total
annual gaged flows against cumulative annual measured basin rainfall (sometimes referred to as
“double mass plots”). Breaks in the slopes of fitted lines can be interpreted as indicating changes
in the relationships between rainfall and flow during different time intervals. In these plots, the
data points represent consecutive years (Figures 3.365, 3.368, 3.371 and 3.374), which allows
specific time periods to be associated with any observed changes in the relationships between
rainfall and flow.

Cumulative time-series plots of rainfall and flow (single mass), and flow versus rainfall (double
mass) were developed using data from three long-term USGS gages in the Peace River
watershed and one outside reference site (Table 3.33). Moving downstream, the three gages
along the river’s main stem (Peace River at Bartow, Zolfo Springs and Arcadia) progressively
include increasing larger upstream watershed areas. The Myakka River basin was selected for
comparison, since it represents a more coastal watershed and the Myakka River also flows into
upper Charlotte Harbor. The graphics summarized in Table 3.33 illustrate relationships between
flows and rainfall. Annual sums are represented as individual blue dots, the gray solid line is a
regression line fitted over the entire period, and the gray dashed lines represent upper and lower
ninety-five percent confidence intervals.
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Table 3.33
Summary of Plots Comparing Cumulative Plots of Rainfall and Flow Over
Historic Periods and Cumulative Mass Plots of Rainfall / Flow Relationships

Rainfall / Flow Gages

First Year of
Data Used

Summary of
Total (Mass)

Summary of
Total (Mass)

Double Mass

through 2016 Rain_lf?rllie()ver Flo_l\_/\i/moever Rainfall / Flow
Peace River Watershed
Bartow / Peace River at Bartow 1940 Figure 3.363 Figure 3.364 Figure 3.365
Wachula / Peace River at Zolfo Springs 1934 Figure 3.366 Figure 3.367 Figure 3.368
Arcadia / Peace River at Arcadia 1932 Figure 3.369 Figure 3.370 Figure 3.371
Reference Watershed
Myakka / Myakka at State Park 1943 Figure 3.372 Figure 3.373 Figure 3.374

The following results summarize the observed relative historical changes in patterns of rainfall
and flow, and between their relationships:

Graphics of data from the three main channel USGS gages indicated similar long-term
flow patterns;

The plots of cumulative annual rainfall over time (single mass) indicate only slight
variations (oscillation) in rainfall above and below the long-term fitted line, but suggest
differences (or breaks) in slopes before the 1960s and again in the early 1990s;

In comparison, cumulative time-series plots of annual flows indicate distinct long-term
patterns when compared to the overall regression line. These plots show marked breaks
around 1960 and again in the early1990s;

Plots of cumulative annual flow versus cumulative annual rainfall (double mass) indicate
distinct changes in the relationships between rainfall and flow following two “breaks,”
one in the early 1960s and the other in the 1990s;

These breaks in the relationships between cumulative long-term river flow and rainfall
generally coincide with the proposed AMO wet and dry southwest Florida rainfall
periods (see previous AMO discussions). Again the influences of both the 1999-2001
and 2006-2011 droughts are evident, although the observed change in slope in the figures
since the early 1990s is less than the previous change of slope that occurred in the early
1960s;

Breaks in cumulative flows and cumulative rainfall relationships are evident in data from
all three of the main channel Peace River USGS gaging stations (Peace River at Bartow,
Zolfo Springs and Arcadia). However, the differences increase moving upstream. These
differences among the gaging locations probably reflect differences in areas of the
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upstream basins, and the greater influence of anthropogenic ground water impacts on
changes in base flow at the more upstream gages; and

e Most of the variation and patterns in annual total flow, rainfall and their relationships in
the Peace River watershed coincide with similar long term changes at the referenced
Myakka River USGS gaging station (Figure 3.374). This suggests that most of the
variation in total annual flow at these gages is due to natural long term variations in
rainfall in southwest Florida (Kelly 2004). As previously described, the Myakka River
watershed is more coastal and has historically had slightly higher and different rainfall
patterns than the more interior gaging locations in the Peace River watershed.

3.5 History, Status and Changes in Withdrawals

The primary objective of the following is to provide a brief overview describing historic and
recent patterns of consumptive water use in the Peace River watershed, and specifically detail
freshwater surface withdrawals from the lower river by the Peace River Facility. The magnitude
and seasonal timing of Peace River Facility withdrawals are further compared with the
corresponding downstream City of Punta Gorda consumptive use that additionally influences
Shell Creek flows to the lower river and upper Charlotte Harbor. A summary and overview of
the history of Peace River Facility and estimated regional demands for potable supplies are
presented in Chapter 7.

3.5.1 Overview of History and Status of Water Use in the Peace River Watershed

Historically, ground water has provided the vast majority of the municipal, industrial, and
agricultural consumptive use throughout most of the Peace River watershed. From the 1940s
through the 1970s, the dominant ground water use in the upper watershed was associated with
phosphate mining. However, in the late 1970s, the phosphate industry implemented a series of
practices to reduce ground water consumption, including a greater reliance on capturing and
recycling surface waters from mining areas. By the late 1990s, agriculture accounted for
approximately 40 percent of the annual ground water use in Polk County, while domestic and
industrial uses each accounted for just less than 30 percent of use (SWFWMD 2004). In the
southern Peace River watershed basins, the majority of ground water withdrawals has been and
remains associated with agricultural uses.

Table 3.34, developed as part of the Peace River Cumulative Impact Study (PBS&J 2007),
provides estimates of both historical and recent anthropogenic ground water uses within each of
the primary Peace River watershed basins. Agricultural practices throughout the Peace River
watershed primarily rely on upper Floridan aquifer ground water, rather than on surface water or
the less reliable surficial/intermediate aquifers. Consequently, the conversion of undeveloped and
range lands to more intensive forms of agricultural has resulted in increased irrigation and
subsequent increases in annual dry-season base flows, especially in the southern watershed
tributaries, such as Joshua Creek, Horse Creek and the Prairie/Shell Creek systems (see previous
trend results and discussions in Section 3.3 above).
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Table 3.34
Estimated Historic Peace River Watershed Ground Water Use (mgd)
by Basin and Selected Reference Periods

Peace River Watershed Basin 1941-1943 1976-1978 1989-1991 1997-1999
Peace River at Bartow 63 176 156 151
Peace River at Zolfo Springs 34 102 100 95
Payne Creek 7 24 24 24
Charlie Creek 11 49 57 62
Peace River at Arcadia 7 30 37 40
Horse Creek 6 27 34 37
Joshua Creek 9 27 33 36
Shell Creek 13 44 54 55
Lower Coastal 5 20 25 26

Figure 3.375 depicts recent available District information on the number, spatial distribution,
relative amount, and use of permitted surface and ground water withdrawals throughout the
Peace River watershed. This figure clearly shows the relative scale of consumptive uses
throughout the watershed and the potential importance of agricultural discharges relative to
augmentation of dry-season flows in each of the watershed tributaries.

The two current major withdrawals of surface water for urban uses occur:

e In southern DeSoto County, where the Peace River/Manasota Regional Water Supply
Authority (Authority) withdraws water from the Peace River to provide potable supplies
for the City of North Port, Charlotte, DeSoto, and Sarasota counties.

e In Charlotte County where the City of Punta Gorda operates a smaller water treatment
facility that withdraws surface water from behind the Hendrickson Dam on Shell Creek
(Figure 3.376).

3.5.2 Peace River Facility Overview

The Authority’s Peace River Facility is located on a side-branch adjacent to the main stem of the
lower Peace River (Figure 3.377). The Peace River Facility has been operating and withdrawing
water from the Peace River since 1980, although the system has only been operated by the
Authority since 1991. The Facility presently has the capacity to treat up to 54 million gallons per
day (mgd), which is roughly equivalent to withdrawals from the river of 83.6 cubic feet per
second (cfs). The existing permitted maximum raw water river diversion capacity of the intake
structure is about 120 mgd (185.7 cfs). Raw river water is stored in an off-stream surface
reservoir and any excess treated water is stored in the system’s twenty-one Aquifer Storage
Recovery (ASR) wells. Water can be pumped from the raw water reservoir to the Peace River
Facility for treatment, and/or previously treated water can also be recovered from the ASR well
system to meet the water supply demands of the Authority’s service area. Table 3.35 summarizes
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the history of major modifications of the Facility’s District operating permits (the first of which
preceded actual operations).

Figure 3.377 Peace River Facility showing site of withdrawal on a side branch of the river, the expanded
treatment facility, and both the original 0.625 and newer 6.0 billion gallon surface reservoirs.

A further permit modification (2010420.08) occurred in November 2011and didn’t change any
of the permit conditions other than changing the expiration date of the current water use permit
from 2016 to 2037, in order to conform to the length of the Facility’s existing bonds and to
conform to new District rules allowing longer term water use permits.
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Table 3.35

Historic Summary of Facility Permits

Pt Caneians December March May October March April & October
1975 1979 1982 1988 1996 2011
Water Use Permit 2010420.06
Number 27500016 27602923 202923 2010420 2010420.02 201042007
Average Permitted River 32.7
Withdrawal (mgd) 50 50 8.2 10.7 s2.7 32.855
. . monthly monthly

Maximum Permitted

) . Based Based 22 22 90 120
River Withdrawal (mgd) 12 & 18 12 & 18

. . 130
Diversion Schedule Low monthly monthly monthly monthly
Flow Cut off (cfs) at Based Based Based Based eaﬁc?un d yﬁg@rﬁuggégﬁl (?fa;ﬂzd
Arcadia Gage 91 - 664 91-664 | 100-664 | 100&130 | ¥ pFacmty

16% year round
Maximum Percent 28% when combinegl_flow
Withdrawal of River 5 5 n/a 10 10 upstream of the Facility >
Flow (%) 625 cfs (except in Block 1,
between April 20th and
June 25™)

Facility Withdrawal Permit between 1980 and 1988

Prior to 1988, the regulatory limit for maximum daily withdrawals from the Peace River was 22
mgd (34.0 cfs). This permitted quantity could be withdrawn from the lower river as long as the
measured stream flow at the Peace River Arcadia gage was above the established minimum
regulatory flow for each of the twelve respective months. These monthly minimum flow values
were calculated based on a general formula that had been established under the District’s first
“Water Use Rules” adopted in 1975. The formula applied by the District used the previous
twenty years of stream flow records for the USGS Peace River at Arcadia flow gage to establish
separate minimum flows for each calendar month. The monthly minimum flows for the Peace
River at Arcadia that were used to establish the freshwater withdrawal schedule used between
1980 and 1988 ranged from a low of 100 cfs in April and May, to 664 cfs in September. As a
result, during low flow periods in the spring, maximum daily withdrawals of 34 cfs could reduce
flows (as measured at Arcadia) by as much as 25 percent on some days. Conversely, the
District’s water withdrawal schedule during September didn’t allow withdrawals from the river
until gaged flows at the USGS Peace River at Arcadia gage exceeded 664 cfs.

It should be noted that use of the USGS Peace River at Arcadia gage for establishing minimum
flows for Facility withdrawals was originally based on available late 1970s technology needed to
easily access the preceding day’s provisional estimated flows from the gage via a phone
connection. Based on currently available internet based technology the MFL basis for the
withdrawal schedule was modified (Table 3.35) to include two additional gaged tributaries
upstream of the Facility (Joshua Creek and Horse Creek).
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Table 3.36
Percent Flows and Withdrawal at the Facility and to the Upper Harbor
(1980-2016)

Relative Percent of USGS Gaged Flows Long-Term Average
Toé?év(\?zgt].ed _ Joshua Horse Percent Facility
: Arcadia Creek Creek Shell Creek Withdrawals*
The Facility 75.1 9.5 15.3 NA 1.57
The US 41 Bridge 57.4 7.3 11.7 23.6 1.20

* As noted below, the relative percentages of flow diversion have substantially increased following both of the
recent Facility expansions, and the 2011 modification of the withdrawal schedule under the District’s adopted MFL
for the lower Peace River.

Facility Withdrawal Permit between 1988 and 1996

When the permit was renewed in 1988, General Development Utilities” consulting scientists and
the District agreed that the previous withdrawal schedule caused the Peace River Facility to rely
too heavily on periods of low to moderate flows. It was agreed that site-specific information
should be used to establish regulatory minimum flows and daily withdrawal limits from the
Peace River. Using the long-term data collected under the HBMP, statistical models were
developed to analyze the location of the freshwater/saltwater boundary as a function of flow, and
predicted salinity changes that might result from permitted withdrawals.

Based on these analyses, District staff and General Development Utilities agreed that the
withdrawal schedule should be modified. A minimum criterion was established with no
withdrawals when flows at Arcadia were below 100 cfs during the spring months (March April,
and May) and 130 cfs during the remainder of the year (Table 3.35). Beyond that, withdrawals
could equal up to ten percent of the preceding daily measured Peace River at Arcadia flow, with
a daily maximum not to exceed 22.0 mgd (34 cfs). This schedule allowed withdrawals to more
closely follow the natural variability of rainfall and flow.

Facility Withdrawal Permit from 1996 to 2011

The District’s 1996 twenty-year renewal of the Facility’s Water Use Permit (WUP) established a
series of maximum withdrawal quantities. This permit renewal increases the minimum flows
measured at the upstream Arcadia gage, under which no withdrawal can occur, to 130 cfs during
all months of the year. Beyond that, withdrawals were still not to exceed ten percent of the
preceding day’s average daily Peace River at Arcadia gaged flow, while the upper daily limit
was expanded from 22 to 90 mgd. This permit revision allowed the Authority to withdraw, treat
and store more water from the river under high flow conditions. In response to the severity of
the 2006-2011 drought the District issued a series (summarized in Chapter 7) of Executive
Orders which provided for temporary modifications of the Facility permitted withdrawal
schedule to meet demands.
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2011 Facility Withdrawal Permit

In 2009, the Authority completed construction of the new 6 billion gallon reservoir, and
expansion of maximum pumping capacity of the intake structure on the Peace River to meet
growing demands for water and increase system reliability. Subsequently, in 2010, the District
adopted a final MFL for the lower Peace River based on the combined flows of the three gaged
flows upstream of the Facility (see Table 1.5, in Chapter 1). The Authority therefore requested a
revised withdrawal schedule and permit modification based on the District’s adopted MFL in
order to provide for increased utilization of its increased off-stream storage and improve system
reliability for the same 32.7 mgd average day delivery of water permitted in the Facilities
existing 1996 District permit.

A revised withdrawal schedule (Table 3.37) based on the District’s adopted MFL was issued by
the District to the Authority on April 26, 2011. This permit modification maintained both the
original 32.7 mgd yearly average and maximum monthly allowed average of 38.1mgd. The
maximum daily diversions from the river were increased from 90 mgd to 120 mgd, in order to
allow greater flexibility of the Authority’s recent Facility upgrades.  While daily Facility
withdrawals had previously been based on the preceding daily average flow measured at only the
USGS Arcadia gage, the new District permitted withdrawal schedule instead utilizes the previous
day’s combined flow based on the readings from three gages upstream of the Facility located on
the Peace River at Arcadia (USGS 02297310), Horse Creek (USGS 02297310), and Joshua
Creek (USGS 02297100). The low flow cutoff for Facility withdrawals remained the same as
previously permitted at 130 cfs, but was also changed to reflect the combined flow of the three
upstream gages.

Table 3.37
April 2011 Revised Authority Lower Peace River Withdrawal Schedule
(based on combined USGS gaged flow at three upstream gages)

Block Allowable Percent Reduction in Flow
Block 1 (April 20™ — June 25™) 16% if flow is above 130 cfs
Block 2 (October 27" — April 19™) 16% if flow is > 130 cfs 28% if flow > 625 cfs
Block 3 (June 26" — October 26™) 16% if flow is > 130 cfs 28% if flow > 625 cfs

Two additional modifications were made to the Facility’s water use permit in 2011. The first
occurred in October 2011 and made a small adjustment in the allowable annual average
withdrawal increasing it from 32.7 mgd, to 32.855mgd. This permit modification also increased
the allowable monthly maximum from 38.1 mgd to 38.3 mgd. The next permit modification
occurred in November 2011 and didn’t change any of the permit conditions other than change
the expiration date of the current water use permit from 2016 to 2037, in order to conform to the
length of the Facility’s existing bonds and to conform to new District rules allowing longer term
water use permits.
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Figure 3.378 shows the relative historic relationships between regional demands from the
Facility and the amounts of surface water withdrawn from the lower Peace River. The
differences between the two primarily reflects the need to replenish accumulated off-stream
storage in either the surface reservoirs, or in the series of ASR wells following periods of
drought. Some of the differences also reflect the need to replace losses due to evaporation and/or
to groundwater. However, such losses are relatively small with an estimated current annual
average net loss of about 400 million gallons due to leakage and evaporation. Changes in
withdrawals also reflect the major 2001 and 2009 Facility expansions, as well as the droughts in
1999-2001 and more recent 2006-2011 drought. Table 3.38 provides a complete yearly
summary of the history (1980-2016) of the Facility’s permitted quantities, capacities, demands
and withdrawals.
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Figure 3.378 Historic annual average Facility demands relative to diversions from the lower Peace River.

Even with the District’s revision of the withdrawal schedule based on the established MFL for
the lower river, there continues to be a large number of days each year when the Peace River
Facility does not withdraw water from the river. During 2016, the Facility did not withdraw
water from the river 32 percent (117 days) of the time. Reasons for the Facility not withdrawing
water on a given day or time interval can be due to:

e The total USGS gaged stream flows upstream of the Facility being below the designated
low flow threshold of 130 CFS for freshwater withdrawals,

e Poor water quality (conductivity, taste/odor) ,
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e Facility maintenance, and

e Insufficient immediate storage capacity (full existing storage system) even with the 2009
completion of the new 6 billion gallon reservoir.

3.5.3 Peace River Facility Withdrawals

Since the beginning of Facility withdrawals from the river in March of 1980, average (mean)
daily withdrawals have been 18.6 cfs, while median withdrawals have been slightly lower (11.1
cfs). However, as shown above (Figure 3.378) there have been major increases in withdrawals
following both the 2001 and 2009 Facility expansions. Mean and median withdrawals since
2001 have been 31.0 and 23.6 cfs respectively. Available permitted quantities are a direct
function of flow, and thus when flows are high, available quantities will be relatively high, and
vice versa. Actual withdrawals, by comparison, are dependent on a number of factors including
pumping capacity, available storage, and demand (Table 3.38). Annually, the highest potential
availability of water under the permit typically occurs during August and September, while the
lowest levels typically occur during May (Figure 3.4). The interactions between the availability
of flow and the Facility’s capacity for withdrawals are indicated by comparisons of withdrawals
during the recent droughts, and withdrawals during the characteristically wetter years such as
2003 through 2005. The Facility’s ability to quickly refill storage after the normally dry spring
season are ultimately limited by upstream flow, as well as the Facility’s existing 120 mgd (185.6
cfs) existing pumping capacity and the matching maximum permitted cap on daily withdrawals
from the river .

As discussed, beyond the Facility’s permitted low flow cutoff of 130 cfs based on the combined
flow of the three USGS gages immediately upstream of the Facility, and the 120 mgd maximum
daily withdrawal cap, there are a number of additional factors that limit actual daily withdrawals.
These include normal Facility maintenance and operations, the Facility’s physical capacity to
pump water from the river, the capacity of the Facility to store/treat water, and historically
variations in seasonal demands. Combined, these have resulted in the Facility at times not
withdrawing the full amount of water allotted under the permitted withdrawal schedule. Over
time modifications of the District’s water use permits (see Table 3.35 above) and increases in
Facility capacity have resulted in changes needed to better meet the demands (Table 3.38) of the
communities serviced by the Facility. The demand for water is generally the highest in the
spring dry-season months when flows are characteristically at seasonal low levels, meaning that
sufficient water must be withdrawn and stored when it is available, primarily during the summer
wet-season months. The recent two Facility expansions in combination with increased storage
capacity in the Facility’s ASR wells and the second expanded off-stream reservoir allows the
Facility greater flexibility to utilize, and store higher flows when they are available. The 1988
philosophical change in the Facility’s water use permit to a flow based withdrawal schedule,
rather than a fixed predetermined monthly schedule, provided the potential to allow greater
withdrawals when sufficient water above the low flow cutoff are available. Through 2016, the
facility was able to meet demands operating within the limits set by the water use permit and the
Facility’s physical capacity. However, during both the recent very dry 1999-2001 La Nifia event
and the more recent extended drought of 2006-2011, the Facility’s stored water reserves were
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drawn very low prior to completion of the second off-stream reservoir in 2009. Comparisons of
potential relative impacts of current and future projected levels of withdrawal relative to Peace
River flows vary depending on where flows are being measured. Peace River Facility
withdrawals have never exceeded 8.8 percent of the annual gaged flow at Arcadia, 6.6 percent of
the total gaged flow upstream of the Facility, or 5.0 percent of the total annual lower Peace River
gaged flow to upper Charlotte Harbor (Table 3.39). As demand for potable water supplied from
the Facility increases in the future, the timing of flows potentially available for withdrawal
relative to timing of peak demands may cause some supply issues, especially during extended
dry periods unless the Authority continues to expand facilities and storage capacity to meet ever
growing public demands for water. During periods when flows are low, but still above the 130
cfs low flow cutoff, the Facility typically withdraws water at, or very near, the daily maximum
permitted levels. However, historically, the Facility has withdrawn water well below the daily
maximum permitted amount during periods of high flow (Figure 3.387). It is expected that as
demands from the Facility continue to grow, and possible expanded facilities are added, the
difference between plotted lines for permitted and actual withdrawals under higher flows may
become more similar (Figure 3.388).  Facility expansions have historically occurred
incrementally, in response to projected demands balanced against the construction costs of
adding both needed and future capacity. Currently, there are only relatively moderate expected
demands in supply over the near term, and no major Facility expansions are envisioned .
However, over time, additional off-stream storage and pumping capacity from the river may be
needed, and actual quantities of water withdrawn from the river may move closer to those
quantities theoretically available under the existing permit conditions.

A series of graphical and statistical analyses were conducted in order to provide a comprehensive
overview of the current status as well as long-term patterns and trends in freshwater withdrawals
by the Facility since it became operational in 1980. An overview of the graphical analyses is
presented in Table 3.40.

Table 3.40
Summary Graphics of Facility Freshwater Withdrawals 1980-2016

Figure Description
Figure 3.379 Daily water treatment facility withdrawals (1980-2016)
Figure 3.380 Monthly mean water treatment facility withdrawals (1980-2016)
Figure 3.381 Total gaged Peace River flows upstream of the Facility vs. withdrawals
Figure 3.382 Total gaged Peace River flows upstream of the Facility vs. withdrawals (for flows 0 to 500 cfs)
Figure 3.383 Total gaged Peace River flows upstream of the Facility vs. % withdrawals
Figure 3.384 Peace River flows at Arcadia vs. % water treatment facility withdrawals
Figure 3.385 Daily Peace River and Shell Creek water treatment facility withdrawals (1980-2016)
Figure 3.386 Average monthly maximum permitted and actual Facility withdrawals (1996-2001)
Figure 3.387 Average monthly maximum permitted and actual Facility withdrawals (2002-2016)
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The following observations and conclusions regarding the status and long-term patterns and
trends in Facility freshwater withdrawals can be drawn from the presented graphical analyses.

The time-series plots presented in Figures 3.379 and 3.380 indicate a number of patterns.
The low flow cutoffs based on flows at the USGS Peace River at Arcadia gage have often
resulted in periods each year when the Facility does not withdraw water from the river.
The effects of the 2000-2001 and extended 2006-2011drought on Facility water
withdrawals are clearly evident in both figures. During 2000 the Facility did not
withdraw any water from the Peace River 248 days during the year, and relied solely on
stored reserves another 219 days during 2001. Again, since 2006 there have been
extended periods each year when the Facility has had to rely on its off-stream storage.

These time-series plots also plainly show the relatively steady increases in the amounts of
freshwater withdrawals by the Facility during the past thirty-seven years due to
increasing water demands. Also clearly evident is the noticeable increase in maximum
Facility withdrawals during the later half of 2002 and 2009 due to the recently completed
Facility expansions, which resulted in the Authority’s increased ability to both treat and
store larger daily amounts of freshwater.

Figures 3.381 and 3.382 indicate that once flows exceed the 130 cfs cutoff, withdrawals
by the Facility are more dependent on demand and capacity rather than supply, since as
indicated, very similar amounts of water have been withdrawn over a wide range of
flows. The three time intervals shown reflect the most recent two major Facility
expansions.

Figures 3.383 and 3.384 indicate withdrawals as percentages over the 1980-2016 time
period in relation to finalized “accepted” daily USGS combined gaged flows upstream of
the Facility. As indicated, prior to implementation of the ten percent criteria in 1988, the
Facility routinely withdrew fairly large percentages of gaged flow during drier periods
under the District’s original monthly based withdrawal schedule.

These figures also show that Facility withdrawals at times exceeded the ten percent
criterion established in 1988, and have exceeded the sixteen percent threshold under
flows below 625 cfs established under the MFL in 2011. The primary reason for these
discrepancies stems from the way that stage/flow data are gathered. The Authority uses
“provisional” preceding-day flow data from those USGS water level recorders contained
in the Facility water use permit to determine the quantity of river water available for
diversion on the current day. Currently, these data are taken directly from the USGS
Tampa office website. However, after the fact, the USGS checks and evaluates the data
from the stage recorder and validates the river cross section a number of times each year.
Thus, the daily values used by the Authority are only “provisional” and are occasionally
changed by the USGS weeks or months later. It is not uncommon for subsequent
determinations of percent withdrawals, based on revised USGS calculations of daily
flows, to conclude that daily Facility withdrawals, based on provisional flow information,
in fact exceeded the established percent based criterion. Similarly, there are also times
when upward revisions would have meant that the Authority could have theoretically
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withdrawn additional amounts. The Authority and the USGS Tampa office staff have
continued to work to reduce such instances to the greatest possible extent. USGS field
calibrates the rating curves at each of these gages a number of times annually and any
changes are quickly applied to the available real-time web data. (As discussed in
Chapter 7, between 2006 and late 2010 the District issued a series of executive orders in
response to the severity of the extended drought that temporarily altered both the low
flow threshold and percentage based withdrawal schedule in the 2006 Water Use Permit).

e Figure 3.385 compares withdrawals over the 1980-2016 interval between the Peace
River Facility and the City of Punta Gorda Shell Creek in-stream reservoir. The City’s
withdrawals are far smaller and have gradually increased in response to local rather than
regional demands. (Note: In 2012, an interconnect was completed between the two
facilities that allows up to 6 mgd of treated water to be moved either way, thus enhancing
the emergency reliability of both systems).

e Figures 3.386 indicate that other than during the typically warm/dry spring months when
the Peace River Facility often was not withdrawing water from the Peace River due to the
130 cfs cutoff, Facility withdrawals prior to the 2001 expansion were fairly uniform
throughout most of the year. Between 2002 and 2006 (following the 2001 Facility
expansion and prior to the series of District Executive Orders in response to the extended
drought), the annual seasonal pattern in withdrawals saw a marked change (Figure 3.387)
with a greater emphasis on withdrawing water under higher flows.

An alternative method of evaluating the relative potential magnitude of impacts from Facility
withdrawals on the hydrology of the lower Peace River estuarine system is to compare the
seasonal structure of the average annual hydrograph with and without withdrawals. Table 3.41
summarizes graphical comparisons of the annual average hydrographs of total upstream gaged
flow with and without freshwater withdrawals at two locations along the lower Peace River. The
first location is at the Peace River Facility and compares average seasonal gaged flows before
and after actual daily withdrawals have been subtracted. The second selected location along the
lower river is at the US 41 Bridge and includes Shell Creek flows prior and after including
additional surface withdrawals by the City of Punta Gorda.

Graphical comparisons of differences in the annual average hydrographs for three different time
intervals are presented. Each of the three selected time periods are characteristic of major
differences in the Facility’s water use permit criteria and/or Facility capacity (see Table 3.35
above).

Table 3.41
Differences in Annual Average Hydrographs With and Without Withdrawals
Location 1980-2001 2002-2008 2009-2016
Lower Peace River at Facility Figure 3.388 Figure 3.390 Figure 3.392
Lower Peace River at US41 Bridge Figure 3.389 Figure 3.391 Figure 3.393
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These analyses show that differences in the annual average hydrograph resulting from actual
Facility withdrawals have, to date, been very small regardless of season. This is especially true
given the fairly large degree of natural variability inherent both between years and over longer
decadal periods (see AMO discussion in Section 3.4.1).

3.6 Summary

This chapter updates information presented in previous summary HBMP reports, and provides
analyses of data collected through 2016 regarding both the status and trends of key hydrological
elements associated with the Peace River Hydrobiological Monitoring Program (HBMP).
Analyses and discussions are presented in relation to the current status and historic trends in the
following specific hydrologically related HBMP study elements:

Status and trends in watershed rainfall patterns,

Status and trends in gaged watershed freshwater inflows,
Status and trends in rainfall/flow interactions, and
History, status and trends in withdrawals.

The presented analyses and summary graphics provide overviews of the current hydrological
status within the Peace River watershed and lower Peace River/upper Charlotte Harbor estuarine
system, and illustrate comparisons with historic longer-term patterns and characteristics. Also
described are the important hydrological influences of more infrequent episodic occurrences
such as extended periods of extreme drought, the periodic occurrences of unusually wet
winter/spring El Nifio climatic events, and differences in summer wet-season rainfall/flows due
to variations in the frequency of tropical cyclonic patterns.

3.6.1 Hydrologic Setting

The Peace River watershed covers approximately 1.4 million acres (2,188 square miles), and the
main channel of the Peace River begins northeast of Bartow, in Polk County, at the confluence of
Peace Creek Drainage Canal and Saddle Creek, and extends approximately 105 miles south to
Charlotte Harbor. Kissengen Spring near Bartow was a significant source of historic base flow to
the upper Peace River with average annual estimated flows prior to the mid-1930s of
approximately 30 cubic feet per second (cfs). Cessation of flow from the spring circa 1950 has
been attributed to the decline in the hydraulic potential of the confined aquifers caused by the
excessive development of the ground water resource, primarily associated with the early
expansion of phosphate mining in the upper watershed. The hydraulic potentials of the confined
aquifers, previously observed above the riverbed, have generally been tens of feet below the
riverbed since the early-1960s. This historic loss of flows from springs and seeps has been one of
the factors that have affected base flow to the upper portion of the river. However, base flow in
the upper Peace River has also been affected by changes in discharges and drainage alterations
associated with urbanization, phosphate mining, and agriculture. Other hydrologic alterations in
some mined and reclaimed areas in the upper regions of the watershed have included diversions
of surface waters that historically flowed to the river to storage for mining activities and/or
seasonal impoundments resulting from disconnected surface depressions. Surface flows in some
mined areas may also have been altered subsequent to mining due to increased recharge, as
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rainwater readily infiltrates the resulting disturbed soil structure, and recharge to the intermediate
aquifer increases following loss of the upper confining layers associated with extraction of the
phosphate matrix. The Peace River watershed basins south of phosphate mining influences have
also experienced historic increasing ground water demands and extensive hydrologic alterations.
These changes are reflected in the cumulative loss of wetland and native upland habitats, and
increasing dry-season augmentation of base flow in many tributaries as agriculture in these
southern basins has progressively changed from predominantly unimproved pasture to improved
pasture and subsequently to increasing areas of more intense farming. Agricultural runoff has
contributed to increased base flow in the Joshua Creek, Horse Creek and Prairie/Shell Creek
basins.

The Peace River watershed predominantly lays within the National Weather Service (NWS)
Florida South-Central Region Four, which is characterized by a summer wet-season that
accounts for approximately 60 percent of total average annual precipitation of 52 inches (1915-
2016). The four month wet-season extends from June through September, with June on average
having the highest annual average rainfall of 8.3 inches. Conversely, November through January
typically comprise the three driest months of the year, with rainfall in November only averaging
1.7 inches. October characterizes the transition from the convection based summer wet-season
rainfall pattern to the frontal dry-season rainfall pattern.

While the described seasonal patterns in the annual hydrologic conditions are typical, there are
wide degrees of both seasonal and annual variability in both rainfall and resulting river flow
patterns. Deviations from the normal pattern can span periods of months up to several years.
Intense El Nifio/Southern Oscillation (ENSO) events, such as occurred in 1982/1983 and
1997/1998, result in atypical extended periods of heavy rainfall during the usually drier
winter/spring months and dramatically alter the annual watershed hydroperiod. In both instances,
these unusually wet EI Nifio periods were subsequently following by La Nifia events and
associated periods of extended drought. While short-term extremes of high and low flows
influence the water budget in a watershed over periods of years, superimposed over these may be
larger cyclic periods that can cover a number of decades.

Climate researchers have suggested that natural climate cycles or phases can persist over
multiple decades. One of these cycles, the Atlantic Multidecadal Oscillation (AMO) refers to
long-term cool and warm phase differences of only about 1°F (0.6°C) in North Atlantic average
sea surface temperatures. An analysis of Atlantic sea surface temperatures suggests that warm
AMO phases occurred during 1869-1893, 1926-1969, and from 1995 to date, while cooler phases
occurred predominantly during the 1894-1925 and 1970-1994 time periods. It has been
suggested that slight increases in average sea surface temperature in the Atlantic and Caribbean
seas during warmer AMO periods produce more summer rainfall across southern Florida, while
cooler AMO phases result in decreased summer rainfall.

3.6.2 Status and Trends in Watershed Rainfall Patterns

Historic period-of-record rainfall data for three representative long-term Peace River watershed
basin rainfall gaging stations and a representative gage in the nearby Myakka River watershed
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were obtained as an initial step in evaluating the status and trends of hydrologic conditions in the
Peace River watershed.

e Long-term total monthly rainfall patterns were similar among the selected rainfall gages.

e The variability in total monthly rainfall is sufficient to obscure changes and patterns
when the long-term rainfall data are analyzed on a monthly basis.

e Results of the analyses suggest that total monthly rainfall at the more coastal Punta Gorda
and Myakka State Park gages are at times slightly greater than at the two more interior
Peace River watershed basin gages.

e When the long-term rainfall data for the Peace River watershed are analyzed as annual
totals, the results clearly show both increased variations among the gages and greater
indications of both historical wetter and drier intervals (Figure 3.16). Total annual
average Peace River watershed rainfall levels were slightly higher from 1930 to the early
1960s when compared with the period since then.

e Annual average wet-season (June-September) rainfall in the Peace River watershed was
generally higher during the 1930s through the mid-1960s when compared with the
interval from the late 1960s through the early 1990s. Since approximately 1994, there
has been a notable increase in wet-season rainfall (Figure 3.21).

e Dry-season (January-May and October-December) rainfall by comparison, even
considering EI Nifio events, has on average continued to decline since the early 1960s
(Figure 3.26).

e The plots of yearly annual deviations from the average rainfall further supported the
conclusions that total annual rainfall during the 1940s and 1950s was above the long-term
average of 52.1 inches per year, and generally below this average during much of the
time since the early 1960s (Figure 3.36).

e Similar analyses of annual deviations conducted after dividing yearly rainfall totals into
wet-season (June through September) and dry-season (October through December and
January through May) generally indicate recent higher wet-season rainfall in contrast to
declines in dry-season rainfall in the Peace River watershed.

3.6.3 Status and Trends in Gaged Watershed Freshwater Inflows

A number of recent studies have shown long-term patterns in the Peace River watershed flows
approximately corresponding with the previously discussed proposed cyclical AMO rainfall
phases. Further analyses however have also revealed distinctly different long-term patterns in
base flows (lower monthly percentiles) in different regions of the Peace River watershed. Base
flows in the upper portions of the watershed have shown marked declines that can be directly
linked to ground water withdrawals and historic reductions in ground water levels and spring
flows. Conversely, in a number of the southern Peace River watershed subbasins base flows of
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Peace River tributaries have been distinctly augmented by agricultural discharges. A number of
streams and creeks that were previously seasonally dry have (until the 2006-2011 drought) often
had some flow throughout the year due to anthropogenic discharges.

Graphical and statistical analyses were conducted using a wide variety of monthly flow metrics
for flows over the available period-of-records for each of the major long-term USGS gages in the
Peace River Watershed.

PO Percentile — the minimum or lowest monthly value

P10 Percentile — low flow value that was exceeded ninety percent of the time

P25 Percentile — low flow value that was exceeded seventy-five percent of the time

P50 Percentile — or median value, half of the monthly values were both greater and less
P75 Percentile — high flow value that was exceeded only twenty-five percent of the time
P90 Percentile — high flow value that was exceeded only ten percent of the time

P100 Percentile — the maximum or highest monthly value

Mean- this average monthly value is usually above the median when evaluating flow data

The following summarizes the findings of these analyses.

The trend analyses indicate that there have been long-term statistically significant
declines in all the tested flow metrics (percentiles) over the historic periods of USGS
gaging in the upper reaches of the watershed at both Bartow (since 1940) and Zolfo
Springs (since 1934).

Similarly, Peace River at Arcadia flows show statistically significant declines in these
same flow metrics over the 80-year period-of-record, as does the combined gaged flow
upstream of the Facility (which can be calculated dating back to 1951).

The observed decline in total gaged flow upstream of the Facility includes flows from
Joshua Creek which, due to agricultural augmentation, have statically increased over the
same time interval.

In the 2006 HBMP Comprehensive Summary Report, gaged flows at a number of the
southern Peace River tributaries showed statistically significant increases over their
respective periods-of-record (which are of shorter duration than those of the northern
gages). Shell Creek flow data indicated increases in the lowest flow percentiles (base
flows), while there were increasing trends in Prairie Creek at all percentiles between the
monthly minimum and median values. All percentiles of flow at the Joshua Creek gage
were found to have increased over time. In the previous analyses conducted through
2011, as well as those extended through 2016, only the minimum flow in Prairie Creek
showed an increase over the historic record, and no trends in any of the flow percentiles
were found for Shell Creek flows at the Hendrickson Dam. Whether these differences
are primarily due to the recent actions by the District to reduce dry-season agricultural
discharges of high conductivity groundwater to the Shell Creek Reservoir, or if these
differences reflect the severity of the recent 2006-2011 drought isn’t clear. However, it
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should be noted that both Joshua Creek and the upper Myakka River continue to show
increased lower flow percentiles due to agricultural discharges over longer time intervals.

e Statistical analyses conducted as part of the 2006 HBMP Comprehensive Summary
Report didn’t identify any statistically significant trends in flows at any of the USGS
gages along the main stem of the Peace River beginning with the start of HBMP
monitoring in 1976. Similar analyses in the 2011 HBMP Comprehensive Summary
Report for data through 2011 found declines (at P=0.10) in both minimum and P10 (Q90)
flows at the Bartow and Zolfo USGS gaging sites in the upper watershed. However,
current analyses through 2016 did not detect any significant trends in flows along the
main stem of the Peace River for the period since 1976.

e Flow metrics (percentiles) at and below the median for the Joshua Creek gaging location
over the 1976-2016 time interval show statistically significant increases at the 0.05 level,
and at the 0.10 level for P75 and mean percentiles. Minimum flows at Prairie Creek near
Fort Ogden were indicated to have significantly increased over the monitoring period,
while the vast majority of other flow percentiles showed no significant trend.

e The observed differences in trends may indicate that not only have all three of these
southern Peace River watershed basins historically seen augmented dry-season stream
flows due to agricultural ground water pumping, but that the degree of land use and
drainage changes that have occurred in the Joshua Creek watershed may have also
resulted in structural changes that have fundamentally altered hydrologic surface flows in
the basin.

3.6.4 Overview of Groundwater and Surface Withdrawals

Historically, ground water has provided the vast majority of the municipal, industrial, and
agricultural consumptive use throughout most of the Peace River watershed. From the 1940s
through the 1970s, the dominant ground water use in the upper watershed was associated with
phosphate mining. However, in the late 1970s, the phosphate industry implemented a series of
practices to reduce ground water consumption, including a greater reliance on capturing and
recycling rainfall / surface waters from mining areas. By the late 1990s, agriculture accounted for
approximately 40 percent of the annual ground water use in Polk County, while domestic and
industrial uses each accounted for just less than 30 percent of use. In the southern Peace River
watershed basins, the majority of ground water withdrawal has been and continues to remain
associated with agricultural uses.

The two current major withdrawals of surface water for urban uses occur in the southern
watershed where the Peace River Authority withdraws water from the Peace River in DeSoto
County to provide potable supplies for the City of North Port, Charlotte, DeSoto, and Sarasota
counties, and the City of Punta Gorda located in Charlotte County operates a smaller water
treatment facility that withdraws surface water from behind the Hendrickson Dam on Shell
Creek.
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Since 2001, a period that includes both the 2001 and 2009 major Peace River Facility
expansions, the average daily withdrawals over this eleven-year period have ranged from 0 to
169.8 cfs, with a daily average of 31.0 cfs. Corresponding upstream total gaged flow has ranged
from 13.6 to 29,380 cfs, with a mean of 1276.5 and a median of 508.0 cfs. This recent period,
contains both periods of unusually high summer flows, as well as extended periods of drought.
Under both the 1996 and 2011 withdrawal schedule revisions, available permitted quantities are
a direct function of flow, with an included low flow cutoff (130 cfs). Thus when flows are
typically high, available quantities are relatively high, and vice versa. Actual annual withdrawals,
by comparison (Table 3.39), are dependent on a number of factors including the variability in
upstream flow, pumping capacity, available storage, and demand. As demand for potable water
supplied from the Facility has increased since 1980, the timing of flows potentially available for
withdrawal relative to timing of peak demands has historically caused some supply issues during
extended dry periods (for example during both 1999-2001 and 2006-2009). Since the late 1990s,
when flows are low but still above the 130 cfs low flow cutoff, the Facility typically has often
withdrawn water at, or very near, the daily maximum permitted levels. However, until the recent
2009 Facility expansion which dramatically increased river pumping capacity and off-stream
storage water, diversion from the river was far below the maximum permitted amount during
higher flow periods. The recent major Facility expansion has both increased overall reliability as
well as allow water withdrawn from the river to increasingly mimic the natural annual variability
relative to the total quantities available under the existing permit conditions.

The following observations and conclusions regarding the status and long-term patterns and
trends in Facility freshwater withdrawals can be drawn from the presented graphical analyses.

e Prior to 1988 when flows were not based on a percent of flow, relatively large
percentages of low flows were often initially taken under the District’s original monthly
based withdrawal schedule.

e Time-series plots plainly show the relatively steady increases in the amounts of
freshwater withdrawals by the Facility during the past thirty-seven years due to both
increasing water demands, as well as off-stream storage capacity. Clearly evident is the
noticeable increase in maximum Facility withdrawals following completion of the
Facility’s 2002 and 2009 expansions, which resulted in the Authority’s increased ability
to treat and store larger daily amounts of freshwater to be subsequently used during
seasonally drier periods.

e Comparisons indicate that other than during the warm/dry spring months when the
Facility is often not withdrawing water from the Peace River due to the 130 cfs low flow
threshold, Facility withdrawals had historically been fairly uniform throughout most of
the year, differing primarily between changes in the permits and differences in Facility
capacities. Following the 2002 and 2009 major expansions, the annual pattern of
withdrawals has begun to more closely follow a seasonal cycle that follows the natural
variability in flow.

e Low river flows have often resulted in extended periods annually when the Facility is
unable to withdraw water from the river. During both the extended droughts of 1999-
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2001 and 2006-2011 intervals, the Facility did not withdraw water from the lower Peace
River for up to 200 days or more, and had to rely solely on stored reserves to meet
regional demands.

e Facility withdrawals periodically exceeded the ten percent criteria established in 1988, as
well at the sixteen percent criteria in the 2011 withdrawal schedule revision. The primary
reason for these discrepancies stems from the way that stage/flow data are gathered. The
Authority uses “provisional” preceding day flow data from the water level recorder at the
USGS real-time gaging stations to determine the quantity of river water available for
diversion in the current day.  Currently, these data are taken directly from the USGS
website. However, after the fact, the USGS checks and evaluates the data from the stage
recorder and validates the river cross section a number of times each year. Thus, the daily
values used by the Authority are only “provisional” and are often changed by the USGS
weeks or months after the fact. It is not uncommon for subsequent determinations of
percent withdrawals, based on revised USGS calculations of daily flows, to conclude that
daily Facility withdrawals, based on provisional flow information, in fact exceeded the
established percent criteria. Similarly, there are also times when upward revisions would
have meant that the Authority could have theoretically withdrawn additional amounts.
The Authority and the USGS Tampa office staff have continued to work to reduce such
instances to the greatest possible extent.

e Comparisons of the annual average hydrographs of total gaged flows upstream of the
Facility with and without withdrawals indicate very small seasonal differences regardless
of the time period tested. The magnitude of these differences is especially small given
the fairly large degree of natural variability in flow inherent both among years and over
longer decadal periods.
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4.0

Salinity in the Lower Peace River/Upper Charlotte Harbor
Estuarine System

The primary objectives of this section are to provide overviews and analyses of the spatial and
temporal patterns and trends in salinity in the lower Peace River/upper Charlotte Harbor
estuarine system over the 1976-2016 interval of HBMP monitoring. The relationship between
freshwater flows and salinity is examined and statistical salinity models are updated/developed
for multiple locations along the HBMP monitoring transect. These models are then used to
assess the potential influence of withdrawals on the Lower Peace River/Upper Charlotte Harbor
estuarine system.

The following briefly summarizes the different analytical procedures presented in this chapter.

4.1

Graphical and statistical analysis of the patterns and trends in salinity at the four long-
term “moving” HBMP isohaline based salinity zones over the period between 1984 and
2016 and at the long-term “fixed” HBMP monitoring stations over the interval from 1976
through 2016.

The general spatial and temporal variability in observed salinity are summarized,
describing differences among the available information from each of the longer term
continuous recorder locations. Period-of-record and annual comparison are analyzed to
assess the natural expected ranges of salinity variability due to both short-term daily tidal
variations as well as much longer seasonal influences under differing flow conditions.

Updated empirical salinity models are presented using freshwater inflows, stage, and
withdrawals data through 2016 from the longer term USGS and HBMP continuous
recorder locations, including four stations added since prior models were completed.
(Note: tide stage was estimated at the HBMP surface salinity recorders by assessing flow
based tidal lags observed among the three USGS recorders, which measure both surface
and bottom salinities as well as tide stage).

Analyses are included summarizing the effectiveness that the Facility’s series of water
use permits have had in limiting the impacts that freshwater withdrawals have had on the
physical/biological resources of the lower Peace River/upper Charlotte Harbor estuarine
system.

HBMP Monitoring Elements for Salinity

Multiple elements of the HBMP provide data on salinity (and/or specific conductivity) along the
monitoring transect. These include “moving” isohaline-based monthly water quality monitoring,
fixed-station location monthly water quality monitoring, and a series of USGS and Authority
owned continuous recorder stations. Each of these monitoring elements is described below.
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4.1.1 *“Moving” Isohaline-Based Stations

In June 1983, the Environmental Quality Laboratory undertook monthly monitoring of
phytoplankton primary productivity and water quality measurements at four salinity-based
“moving” isohalines in addition to General Development’s lower Peace River/Charlotte Harbor
general background monitoring programs. The selection of the salinity-based sampling zones
was originally established on a literature review of known spatial estuarine differences among
the major plankton groups.

e Oligohaline Conditions = 0 psu (defined as upstream of 500 us/cm conductivity
e Lower Mesohaline = 5-7 psu

e Upper Mesohaline = 11-13 psu

e Upper Brackish = 20-22 psu

This moving station, salinity-based water quality sampling program element was subsequently
added to the HBMP in 1987 in conjunction with other program modifications made during
renewal of the water use permit. The monthly moving isohaline based sampling has been
included as part of the HBMP since that time. Thus, complete, continuous data are available
over the 1983-2016 time interval. The four sampling locations in this study represent non-fixed
surface salinity zones, such that the relative monthly spatial location of each isohaline sampling
site along the HBMP monitoring transect (Figure 4.1) is largely dependent upon the preceding
amounts of Peace River freshwater inflow.

41.2 “Fixed” Stations

Historically, between 1976 and 1987, the HBMP water quality monitoring design included the
monthly collection of in situ physical measurements of water column profile characteristics at a
number of fixed station locations along the lower Peace River and in upper Charlotte Harbor.
Under the 1996 water use permit’s expansion of the monitoring program, monthly surface and
bottom water chemistry data collections were initiated at five of the previous fixed sampling
locations along an established transect from near the mouth of the river to upstream of the
Facility. In addition to these five water quality monitoring sites, in situ physical water column
profile sampling was also resumed at an additional ten fixed sampling locations. These water
quality sampling and in situ water column profile measurements of the HBMP program elements
were undertaken using sampling sites formerly (1976-1990) utilized by General Development’s
Environmental Quality Laboratory (EQL) as part of their long-term Peace River/Charlotte
Harbor background monitoring program. An additional fixed monthly sampling site was added
in 1998 to correspond to the location of the third USGS tide gage that was installed in 1997 at
river kilometer (RK) 26.7. The relative locations of these fixed sampling locations are shown in
Figure 4.1, and Table 1.2 provided both the currently used river kilometer centerline
designations as well as both the previously used EQL station numbers and USGS sample river
mile designations.

Combining the historic EQL background and older HBMP water quality monitoring data with
the more recent HBMP monitoring information gathered since 1996 provides both physical in
situ water column profile information and sub-surface and near-bottom water chemistry data for
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the complete periods 1976-1989 and 1996-2016 at the five current fixed HBMP water quality
sampling locations. These combined data are used in this Chapter to describe the present status
as well as test for the presence of long-term changes in salinity/conductivity at these specific
selected locations along the lower Peace River HBMP monitoring transect (Figure 4.1). Other
water quality parameters are addressed in Section 5.
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Figure 4.1 HBMP monitoring transect showing fixed-station locations
4.1.3 Continuous Recorder Stations

During the 1996 permit renewal, the need was identified to begin collecting salinity data at fixed
points along the HBMP monitoring transect at much greater frequencies than the ongoing
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monthly monitoring. The availability of such data was expected to provide information for the
development of refined statistical and/or new mechanistic models that would allow increased
accuracy in assessing the relative magnitudes of short and longer-term salinity changes due to
permitted Facility withdrawals. Such changes were expected to result from the interactions and
combined influences of natural variations in flows and tides, as well as seasonally varying
withdrawals. Two initial recorders were established by USGS to measure both near-surface and
near-bottom salinities at 15-minute intervals in the late 1990s under an existing long-term
contract with the Authority. Responding to comments and specific recommendations from the
HBMP Scientific Review Panel, the Authority subsequently deployed three additional
continuous floating, surface salinity recorders in December of 2005, two additional similar
recorders again in May 2008, and recently three more recorders at the end of June 2011. In
December 2009, USGS installed its third pair of near surface and near bottom continuous
recorders immediately adjacent to the Facility’s river intake structure. Since provisional data
from these USGS recorders are directly uploaded to the internet, they further provide the
Authority with the ability to assess variations in river conductance in real time at both the
downstream recorders and Facility under natural variations in flow and tide. The relative spatial
distribution of the locations of the existing USGS/HBMP recorder array along the lower Peace
River monitoring transect is depicted in Figure 4.2 and further summarized in Table 4.1.

Table 4.1
Summary of HBMP 2016 Array of Continuous Recorders on the Peace River

Gage ID, Location From to Present _River
(Unless noted) Kilometer
RKO09 (Authority) — Navigation Marker south of 175 Bridge Jun. 2011 RK 09.2
RK12 (Authority) - Manatee Zone Marker near Shell Creek (bottom) May 2008 to Jun. 2011 RK 12.7
RK12 (Authority) - Manatee Zone Marker near Shell Creek (surface) Jun. 2011 RK 12.7
HH (USGS - 02297460) — Dock at Harbour Heights * Sep. 1996 RK 15.5
RK18 (Authority) — Channel Marker in Area of Power Lines Jun. 2011 RK 18.5
RK18_HC (Authority) - Manatee Zone Marker on Hunter Creek Jun. 2011 RK 18.7
RK20 (Authority) — Channel Marker downstream of Island Jun. 2011 RK 20.8
RK21 (Authority) - Manatee Zone Marker near Liverpool area Dec. 2005 RK 21.9
RK23 (Authority) - Manatee Zone Marker below Navigator Marina Dec. 2005 to May 2008 RK 23.4
RK24 (Authority) - Manatee Zone Marker gage near Navigator Marina Dec. 2005 RK 24.5
PRH (USGS - 02297350) — Dock at Peace River Heights gage * Nov. 1997 RK 26.7
PRP (USGS — 02297345) — Peace River at Platt (Facility) * Dec. 2009 RK 29.8
RK30 (Authority) - Manatee Zone Marker near SR 761 Bridge May 2008 to June 2011 RK 30.6
RK31 (Authority) - Old Railroad Bridge upstream of Facility May 2008 RK 31.7

* USGS Recorders measure near-surface and near-bottom salinities at fixed depths (while HBMP recorders measure sub-surface
using floating recorders in stilling wells)

Peace River Manasota Regional 4-4 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 4 — Salinity

h of
River

. —=
Peace River Al
Water Treatment Facility \l\
RK 29.8 ! /)
RK 26.7 16 K
e\ \RK 31.7 ?
Continuous S\ ]
Recorders \_ ¢
HBMP —————
l; RK 24.5
USGS ——> /’«
‘\ RK 21.9
RK 20.8 NG
i RK 18.7
(/) >~ (HC)
N Port B 152 {/=RK 18.5
F:r Charlotie ) Shell Creek
oy - "J’LI‘I ll 1 _“'
Y tf S e .T't =
 E eridge [/

U.S. 41

Bridge \

Figure 4.2 Locations of USGS and HBMP continuous recorders in 2016

4.1.3.1 USGS Recorders

The USGS began a cooperative water quality data collection program with the Authority in
August 1996. An initial USGS continuous recorder (15-minute intervals) was installed later that
month in the lower Peace River (Figure 4.2) at the end of an existing private dock at Harbour
Heights (RK 15.5). This USGS gaging site (02297460) monitors water level, subsurface and
near bottom specific conductance, and temperature.
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The following month (September 1996) USGS installed an additional 15-minute recorder, which
measured only water level at a site adjacent to Boca Grande. This site was located
approximately near River Kilometer —31.8, and designated by USGS as 02293332. Tide stage
data were collected by USGS for the Authority at this location between 1996 and 2004. The
original purpose of this gage was to assess potential gradual increases in sea level. Rising sea
level that might be expected to occur over time would subsequently result in natural increases in
salinity in the tidal lower Peace River estuary. USGS staff however at a later date felt that any
conclusions regarding sea level rises at this site would probably be compromised due to the
gage’s location near the mouth of the Boca Grande Pass. The Authority (after consultation with
the Scientific Review Panel and District staff) decided to delete the continued collection of water
level information at this location at the end of 2004.

The USGS added a second continuous conductivity recorder further upstream in the lower Peace
River (RK 26.7) on a private dock near Peace River Heights (Figure 4.2) at the Authority’s
request in November 1997. This USGS site (02297350) also measures water level, near-surface
and near-bottom specific conductance, and corresponding temperatures at 15-minute intervals.
More recently, in December 2009, USGS installed near-surface and near-bottom recorders
(02297345) at the Facility’s intake (RK 29.8) near Platt.

Water level measurements at the two original USGS recording sites were initially made utilizing
a floating sensor in a PVC stilling well for near surface measurements and a fixed sensor near the
bottom of the water column for near bottom measurements. USGS combination temperature and
specific conductance probes have been used to measure near-surface and near-bottom specific
conductance and temperature. Readings are electronically averaged over two-minute intervals
and recorded at 15-minute intervals using a Campbell Scientific CR-10 electronic data logger.
Data are retrieved and the sensors recalibrated at approximately monthly intervals.

The near-surface sensors at the two original gaging sites were initially suspended one-foot below
the surface using a float, while the near-bottom sensors were suspended about one-foot from the
bottom in the same stilling well. However, following damage caused by Hurricane Charlie
(August 2004), the Harbour Heights gage (02297460) was rebuilt on January 11, 2005. The
upper sensor was set at a fixed depth (0.40 ft below NGVD 1929) below the water surface to
measure the near-surface specific conductance and temperature and the lower sensor was fixed
(3.5 ft below NGVD 1929) near the bottom. The sensors were subsequently lowered to a new
elevation on Nov 21, 2006. The upper sensor was set at a fixed depth (1.40 below NGVD 1929)
and the lower sensor was set at (4.4 ft below NGVD 1929) near the bottom. The Peace River
Heights gage was also rebuilt at this time (January 6-7, 2005). The top sensor was set to a fixed
elevation approximately 1.3 ft below NGVD 1929 and the bottom sensor at approximately 3.8 ft.
below NGVD 1929.

In 2009, using both the extensive data collected before and after these changes, as well as
corresponding field measurements made during the monthly “fixed” station monitoring, the
Authority completed a series of statistical comparisons to determine if these changes in depth
resulted in meaningful systematic differences in the measured data. The results of these analyses
concluded that no such changes could be detected.
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The USGS continuous recorders located at the Facility’s river intake structure were installed in
December 2009. The bottom YSI-600R water quality sensor is located inside 3 inch diameter
pipe attached to the stilling well to record near bottom measurements (approximately 12.8 ft
below NGVD 88). The top YSI-600R water quality sensor is located in a 2 ft section of 3 inch
diameter PVVC pipe attached to a float. This floating sonde system is attached to two guide cables
that are fastened to both a bracket at the top of a 16 inch aluminum stilling well and to two
eyebolts in the bottom. The float keeps the water quality sensor approximately 1.5 ft. from the
water surface at all gage heights.

The particular locations of the USGS recorders on existing docks and structures were established
in part due to the USGS’s need to be able to have land-based access for the ease of routine
maintenance and the downloading of data. The influences of tide, wind and antecedent flow
conditions can individually and in combination result in extremely wide ranges of observed
variation in daily averaged conductivity measurements. Installing the USGS recorder at the
intake structure (RK 29.8) has provided the Authority with a far clearer real time view of tidal
influences on the upstream movement of higher salinity waters, especially under prolonged low
flow conditions. In addition, the USGS Peace River Heights and Platt recorders provide Facility
staff the opportunity to closely follow tidal variations in conductivity near the low flow cutoff
130 cfs threshold and prevent adding higher conductivity water to the off-stream storage
reservoirs.

4.1.3.2 Authority HBMP Recorders

The 2002 HBMP Comprehensive Report (finalized in September 2004) recommended that an
additional series of continuous conductivity gages be established by the Authority downstream of
the USGS Peace River Heights recorder location. The primary objective of installing an
additional series of HBMP continuous conductivity recorders, when combined with the existing
long-term USGS sites, was to obtain greater resolution of the direct relationships among
freshwater flow, stage height, and conductivity downstream of the Facility during periods of
withdrawals. The addition of these gages was specifically designed to determine potential
salinity changes during Facility withdrawals within the reach of the river characterized by the
movement of the freshwater/saltwater interface at flows primarily above the 130 cfs threshold.
The overall goal of the selected locations for these additional HBMP gages was, therefore, to
assure and enhance the monitoring program’s ability to directly measure salinity changes due to
Facility withdrawals over a wider range of flow conditions.

A number of possible alternative sites and deployment methodologies were evaluated by the
Authority to assure that these monitoring objectives were met by the additional HBMP
continuous conductivity recorders. The first step in deploying these instruments was to determine
the potential spatial distribution of arraying the recorders downstream of the Facility. Again, the
primary objective was to spatially maximize the new recorders’ ability to detect salinity changes
(impacts) that could be directly attributed to Facility freshwater withdrawals. Existing statistical
models and graphical analyses of salinity/flow relationships were reviewed from the long-term
HBMP fixed stations and USGS continuous recorders along the lower Peace River HBMP
monitoring transect. These results were next evaluated in relation to potential existing physical
structures (docks, pilings, etc.) to which additional continuous recorders might be attached. A

Peace River Manasota Regional 4-7 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 4 — Salinity

series of potential new monitoring sites located between the existing USGS continuous recorders
were selected and evaluated. The placement by U.S. Fish and Wildlife (USFW) of a large
number of Manatee Speed Zone markers along the lower river has provided a series of spatially
distributed potential sites downstream of the Facility. The Authority received permission from
USFW to establish continuous recorders using these markers. Three of these Manatee Speed
Zone markers were chosen by the Authority for the initial deployment in December 2005 of
HBMP continuous recorders measuring near surface conductivity.

. RK 21.9 -The Manatee Speed Zone Marker located on the Peace River near the
Liverpool side channel.

. RK 23.4 — The Manatee Speed Zone Marker located on the Peace River downstream of
Navigator Marina.

. RK 24.5 — The Manatee Speed Zone Marker located on the Peace River just across from
Navigator Marina (RK 24.5).

Based on comments and recommendations made by members of the HBMP Scientific Review
Panel at its December 2007 meeting, the Authority added three additional continuous recorder
locations in May 2008 by relocating the recorder previously at RK 23.4 to RK 31.7 and adding
new recorders at RK 12.7 and RK 30.6 to extend upstream and downstream the area along the
lower river covered by the continuous recorder array.

o RK 12.7 — A recorder was installed downstream of the USGS Harbour Heights gage on a
Peace River Manatee Zone Marker (RK 12.7) below the confluence with Shell Creek.
Unlike the other HBMP recorders, this instrument was installed near the bottom of the
water column (~1.7 meters) and measures conductivity, temperature and dissolved
oxygen levels continuously at 15-minute intervals.

. RK 30.6 — A recorder was also installed above the USGS Peace River Heights gage on a
Manatee Zone Marker (RK 30.6) just upstream of the Facility’s intake near the SR 761
Bridge. This recorder measures subsurface conductivity and temperature at 15-minute
intervals.

. RK 31.7 — The HBMP recorder previously located at RK 23.4 was relocated upstream to
the old railroad trestle (RK 31.7) above the Facility. This recorder also measures
subsurface conductivity and temperature at 15-minute intervals.

The HBMP Scientific Review Panel met again in December 2010 and recommended the addition
of an additional continuous recorder downstream of the I-75 Bridge, and that several new
recorders be located between USGS Harbour Heights gage and the HBMP gage near the
Liverpool area in order to better define the relationships between salinity and flow in that reach
of the lower River. The following changes and additions to the HBMP continuous recorder array
were made in June 2011.
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. RK 30.6 — This recorder located just downstream of the SR 761 Bridge was discontinued
since USGS had installed a third gaging location at the Facility intake (RK29.8) just
downstream.

. RK 09.2 — A new recorder was located on a navigation marker between the 1-75 and U.S.

41 Bridges. This recorder also measures subsurface conductivity and temperature at 15-
minute intervals.

. RK 12.7 — This recorder and all probes (which also measures dissolved oxygen) was
moved from the bottom of the water column to the surface so that its values would be
comparable with those at the other HBMP recorder sites.

o RK 18.5 — A recorder measuring subsurface conductivity and temperature at 15-minute
intervals was attached to a channel marker near the Power Line Crossing.

o RK 18.7_HC - A new subsurface conductivity and temperature recorder was located on
the river’s large Hunter Creek side-channel near the connection to Jim Long Lake.
Located on a Manatee Zone marker, the objective of this site was to both determine if
higher salinity water was moving upstream by way of this side channel and potential
influences of ungaged freshwater inflows to this region of the lower river.

. RK 20.8 — This recorder was located on the navigation channel marker just downstream
of an Island Thirty-Three (oddly named) in the lower river. The recorder measures
subsurface conductivity and temperature at 15-minute intervals.

The locations, and period-of-records for each of the HBMP recorders are summarized in Table
4.1 and the current spatial distribution of the recorder array is shown in Figure 4.2. Data from
these recorders are retrieved at approximately monthly intervals (or more often as needed during
very dry periods when fouling may become an issue at the more downstream sampling sites). A
complete cleaned, calibrated and checked replacement set of sondes are typically deployed each
month. The sensors are considered calibrated if the temperature is within 0.2 °C and specific
conductance is within five percent of the standard values.

4.2  Spatial Patterns in Salinity

This section presents longitudinal gradients in salinity along the Peace River monitoring transect
as indicated by fixed-station data, as well as a summary of isohaline locations (river kilometer)
as indicated by moving-station data. In general, surface salinity measurements are routinely
lower than bottom salinity.

Many of the graphical analyses in this report involve box and whisker plots. A diagram
explaining the features of these plots is shown in Figure 4.3. Additionally, notches (which
illustrate the confidence interval around the median) have been added to many of the box and
whisker plots. The endpoints of the notches are computed as

median + 1.58 + (IQR/\/N)
Where IQR is the interquartile range and N is the number of values.
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Figure 4.3 Features of a box and whisker plot. Note: the plus (+) has been replaced with other marker
symbols (typically a circle) in this report. From SAS SGPLOT Box Plot Documentation.

Figure 4.4 provides box and whisker plots of salinity data sampled at the fixed-station locations.
These plots exemplify the strong, distinct spatial salinity gradient along the lower Peace River
monitoring transect. Salinity levels are much higher (often near Gulf water conditions) in the
vicinity of the river mouth and are typically near freshwater levels just upstream of the Water
Treatment Facility. Similar patterns are observed for both surface and bottom salinity levels,
though, as expected, average/median salinity values are greater for bottom measurements than
those taken at the surface.
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Figure 4.4 Box and whisker plots of a) Surface and b) Bottom salinity measured at fixed-station locations
between 1976 and 2016. Boxes represent all data, dry season samples, and wet season samples.

Table 4.2 summarizes the historical statistical distributions of the locations (river kilometer) of
the four isohalines along the HBMP Peace River monitoring transect. Figure 4.5 illustrates the
historical range, mean and median of river kilometer location for each of the isohalines.
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Table 4.2
Summary Statistics of the Four Isohaline Locations (River Kilometers) from the
Peace River’s Mouth for the Period 1983-2016

Isohaline AT HEE U Mean Median
(Downstream) (Upstream)
0 psu 0.6 37.6 23.3 23.3
6 psu -16.3 30.2 13.3 13.2
12 psu -30.1 26.3 8.4 9.5
20 psu -36.3 224 1.6 4.8

Note: previous older HBMP reports have used the units “o0/00”, however, equivalent practical salinity units (psu) are
currently used to distinguish between salinity determined by in situ conductivity rather than wet chemistry.
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Figure 4.5 Box and whisker plots of isohaline location (river kilometer) of moving-station sampling between
1984 and 2016. Boxes represent all data, dry season samples, and wet season samples.

The Peace River Water Treatment Facility is located at approximately RK 29.9. To date, the
most upstream occurrence of the 0 psu isohaline sampling location has been just over a quarter
mile upstream of the point where Horse Creek joins the Peace River during June 2000. The most
downstream occurrence of the 20 psu isohaline sampling location has been in the Gulf of Mexico
just off Boca Grande during September 1988 (Figure 4.6).
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4.3 Temporal Trends in Salinity

This section presents analyses of patterns and trends in intra-and inter-annual variation in salinity
along the Peace River monitoring transect, as well as an investigation of long-term statistical
trends in salinity.

4.3.1 Intra- and Inter-Annual Variability

Table 4.3 lists the time-series plots for salinity at each of the five “fixed” HBMP monitoring
locations. Uniform vertical graphical scales are applied in Figures 4.7 through Figure 4.16 in
order that direct comparisons can be readily made along the HBMP monitoring transect (i.e. time
series graphics for salinity are plotted using a scale of 0 to 40 psu for all five fixed sampling
locations).

Table 4.3
Monthly Time-Series Plots of Salinity at “Fixed” HBMP Stations
River River River River River
Kilometer Kilometer Kilometer Kilometer Kilometer
-2.4 6.6 155 23.6 30.7
Surface Salinity Figure 4.7 Figure 4.9 Figure 4.11 Figure 4.13 Figure 4.15
Bottom Salinity Figure 4.8 Figure 4.10 Figure 4.12 Figure 4.14 Figure 4.16

Note: no data available 1990-1995.

The greatest inter-annual variability in salinity generally occurs in the surface waters at the most
downstream monitoring sites where seasonal differences may reach 35 parts per thousand
between extended periods of low and high freshwater inflow. However, even bottom salinity
levels in the area of the US 41 Bridge (RK 6.6) exhibit similar large inter-annual variation. The
influences of the high freshwater inflows during 1997/1998 El Nifio event and the extended
periods of lower flows during the 1999-2001 and 2006-2011droughts are evident in the time-
series plots.

Box and whisker plots showing the relative locations (river kilometer) by year of each of the four
monitored “moving” isohaline HBMP salinity zones are presented in Table 4.4. Corresponding
box and whisker plots depicting the monthly variability of each of these salinity zones are also
included in the table. These figures clearly indicate the large degree of both inter-and intra-
annual variability that has occurred in the relative locations of the monitored isohalines along the
established lower Peace River/upper Charlotte Harbor river kilometer transect. As shown above
in Table 4.2, seasonal and long-term extreme variations in estuarine freshwater inflows have
resulted in variations as much as 35 to 55 kilometers in the relative spatial distributions of the
four isohalines.
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Table 4.4
Inter- and Intra-Annual Variability of the Location of Estuarine Isohaline Zones

Isohaline Box Plot of Inter- Box Plot of Intra-

Annual Variability Annual Variability
0 psu Salinity - First Upstream Occurrence Figure 4.17 Figure 4.21
6 psu Salinity — First Downstream Occurrence Figure 4.18 Figure 4.22
12 psu Salinity — First Downstream Occurrence Figure 4.19 Figure 4.23
20 psu Salinity — First Downstream Occurrence Figure 4.20 Figure 4.24

Continuous recorder data allow an examination of finer scale temporal patterns in salinity,
including daily ranges. Salinity data have been recorded over periods up to fifteen years at two
USGS longer term continuous recorders, which were installed in the late 1990s. Thus
comparisons between the USGS Harbour Heights and Peace River Heights recorders provide an
excellent basis for assessing the typical relative magnitude of salinity variability over a large
portion (river kilometers 15.5 to 26.7) of the spatial extent of the current HBMP recorder array
(Figure 4.2). Given the shorter periods of record for the most recently installed USGS gage, and
those monitored by the Authority, these two USGS gages were used to make long term
comparisons. The time interval captured by these gages is wide enough to fully characterize the
normal range of variations in flows that characterize both extended wet and dry conditions. The
two gages also allow an examination of the relative magnitudes of spatial and temporal
variability along the lower Peace River recorder array during wetter and dryer time periods.

The continuous recorder data indicate that a specific location in the Peace River might see as
much variation in salinity as it might also see in a given month or year. Table 4.5 provides
summary comparative statistics (mean, median, minimum and maximum) of gage height, and
surface and bottom salinities at the USGS continuous recorder at Harbour Heights (RK 15.5) and
further upstream at Peace River Heights (RK 26.7) over the longer term 2000-2016 time interval.
Table 4.6 by contrast provides similar statistical comparisons between these two long-term
gages annually over their periods-of-record. Minimum annual surface salinities at both sites
were always near zero.

Table 4.5
Summary Statistics of Gage Height (Water Level) and Surface and Bottom Salinities
over 2000-2016 Time Interval at the Two Longest Term USGS Continuous Recorders

USGS Harbour Heights Gage USGS Peace River Heights Gage
(RK 15.5) (RK 26.7)
Variable Average | Minimum | Maximum Average Minimum Maximum

Mean Gage Height 0.86 -1.51 3.69 0.90 -1.72 5.93
Median Gage Height 0.92 -1.59 3.82 0.95 -1.82 5.94
Daily Range Gage Height 2.18 0.00 5.15 2.12 0.12 4.81
Mean Surface Salinity 7.4 0.1 25.8 1.0 0.0 14.7
Median Surface Salinity 7.2 0.0 25.7 0.9 0.0 14.5
Daily Range in Surface Salinity 5.7 0.0 18.8 1.3 0.0 20.5
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Table 4.5
Summary Statistics of Gage Height (Water Level) and Surface and Bottom Salinities
over 2000-2016 Time Interval at the Two Longest Term USGS Continuous Recorders

USGS Harbour Heights Gage USGS Peace River Heights Gage
(RK 15.5) (RK 26.7)
Variable Average | Minimum | Maximum Average Minimum Maximum
Mean Bottom Salinity 7.7 0.1 26.8 1.0 0.0 15.1
Median Bottom Salinity 7.5 0.0 27.2 0.9 0.0 15.0
Daily Range in Bottom Salinity 6.1 0.0 18.3 1.3 0.0 19.2

The following summarizes some of the observed differences and patterns shown by the data
presented in Tables 4.5 and 4.6 that compare the variability in measurements taken at these two
sites along the lower Peace River HBMP monitoring transect.

Minimum and maximum gage heights (water levels) indicate that the extremes between
the highest and lowest annual levels can be as great as six to eight feet. Actual daily
differences however are typically far lower. Differences between daily high and low
water levels over the period between 2000 and 2016 at Harbour Heights averaged only
2.18 feet, while the greatest measured daily difference over the same period was 5.15
feet.

Annual mean and median gage heights at the downstream Harbour Heights recorder are
much more uniform than corresponding measurements upstream at the Peace River
Heights location (Table 4.6). The results indicate that water levels further upstream are
much more heavily influenced by higher flows during wet years, such as occurred during
the interval between 2003 and 2005, than are corresponding measured gage heights
further downstream. The implications of such observations are that seasonal differences
in gage height need to be taken into account when developing statistical salinity models
that rely on the interactions of flows and gage height (see Section 4.4.2). Higher gage
heights during low river flows result in salinity tidally moving upstream, while higher
gage heights with increasing flows reflect the combined influences of tide and the
increasing resistance to downstream flow.

Mean and median annual salinities at both USGS recorders were much higher during the
extended 1999-2001 and more recent droughts. The largest relative observed differences
were in the maximum salinities measured at the Peace River Heights site. Peak salinities
measured at this upstream site during the drought years were at least four to six times
higher than the maximum annual salinity levels observed during wetter years.

Bottom salinity measurements were systematically higher than corresponding surface
measurements, and as expected the differences were greater at the downstream Harbour
Heights recorder location.
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Table 4.7 provides similar statistical summary comparisons of surface salinities among the
continuous recorders (USGS and HBMP) during both 2007 (a very dry year) and 2010 (a year
with fairly typical rainfall). As expected, the average daily range in salinity progressively
declines moving upstream. Somewhat surprising are the relatively large daily changes in surface
salinities that can occur even well upstream given the right combinations of river flow, tides and
wind.

Table 4.7
Seasonal and Daily Ranges of Surface Salinity at the USGS and Authority HBMP
Continuous Recorders with a Complete Year of Data

Annual Salinity Statistics Daily Change (A) in Salinity
Location Mean | Median | Minimum | Maximum | Mean | Median { Minimum | Maximum
S o - . Salinity | Salinity Salinity Salinity
Salinity | Salinity Salinity Salinity ch ch ch ch
) ) ) ) ange ange ange ange
(psu) (psu) (psu) (psu)
2007 — Drought Seasonal Rainfall Conditions
USGS RK 15.5 131 | 136 05 30.6 13.0 8.0 23 15.8
Harbour Heights
HBMP RK 21.9 51 4.0 0.2 23.3 5.8 5.0 0.1 17.7
HBMP RK 23.4 3.9 2.6 0.2 25.1 5.0 3.7 0.0 21.5
HBMP RK 24.5 3.1 15 0.2 23.8 4.5 3.0 0.0 20.8
USGS RK 26.7
Peace River Heights 1.7 0.5 0.2 22.2 2.8 1.5 0.0 20.5
2010 — Generally Typical Seasonal Rainfall
USGS RK 15.5
Harbour Heights 4.6 3.0 0.1 19.5 4.5 4.3 0.0 15.9
HBMP RK 21.9 1.0 0.3 0.1 115 0.9 0.9 0.0 9.8
HBMP RK 24.5 0.5 0.3 0.1 7.8 0.5 0.4 0.0 7.1
USGS RK 26.7
Peace River Heights 0.3 0.2 0.1 4.9 0.3 0.3 0.0 4.5
USGS RK29.8 0.2 0.2 0.1 0.4 0.2 0.2 0.0 0.1
at Facility
HBMP RK 30.6 0.2 0.2 0.1 0.7 0.2 0.2 0.0 0.3
HBMP RK 31.7 0.2 0.2 0.1 0.5 0.2 0.2 0.0 0.1

Further comparisons of the measured degree of annual variability in surface salinities along the
HBMP monitoring transect are indicated by the series of box and whisker univariate plots
presented blow. The general form of the information presented in these plots is as depicted in
Figure 4.3. The “box” shows the range of annual values falling between the 25" and 75"
percentiles, while the “whiskers” show the range from the minimum to the maximum values
observed each year. Statistically rare events, those more than 1.5 times the range of the “box”
are shown as individual points along the whiskers. These graphics further show annual means
for surface salinities at each of the recorder locations by the addition &f colored dots.
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Comparative plots are included for the following series of years. Only those recorder locations
with a complete year of data are included in each of these graphics. Plots for 2006-2010 were
provided in the 2011 Comprehensive Summary Report (Atkins 2013).

2011 - Figure 4.25
2012 - Figure 4.26
2013 - Figure 4.27
2014 - Figure 4.28
2015 - Figure 4.29
2016 — Figure 4.30

4.3.2 Statistical Analysis of Temporal Trends

Table 4.8 provides the results of tests for statistically significant changes in seasonally based
mean annual salinity for these fixed lower Peace River sampling locations. Because of the gap
in sampling from 1990-1995, a typical trend test (such as seasonal Kendall tau) is not valid.
Therefore, to examine long-term changes at the fixed-stations, analyses were performed using
methods developed by Coastal Environmental (1996) for the Florida Department of
Environmental Protection using seasonally weighted yearly averages. In this instance the
procedure was used to examine statistical differences between the two (1976-1989 and 1996-
2016) disjunct periods of record. Details of these analyses are provided in Appendix C
(including other water quality parameters discussed in Section 5). Individually scaled graphics
by monitoring location are presented in Figure 4.24 through 4.33, which depict the results of
seasonally based statistical tests for differences between the 1976-1989 and 1996-2016 time
intervals.

Table 4.8
Tests for Differences between Periods
Peace River HBMP Estuary Sites Water Quality (1976-1989 and 1996-2016)

Subsurface Values

River Kilometer Parameter
Difference Diff. Means PRI o Change

Diff.
Test

River Kilometer —2.4

Salinity (Surface) Figure 4.31 2.79 0.000 A
Salinity (Bottom) Figure 4.32 3.51 0.000 A

River Kilometer 6.6

Salinity (Surface) Figure 4.33 1.23 0.112
Salinity (Bottom) Figure 4.34 2.73 0.000 A

River Kilometer 15.5

Salinity (Surface) Figure 4.35 1.49 0.022 A
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Table 4.8
Tests for Differences between Periods
Peace River HBMP Estuary Sites Water Quality (1976-1989 and 1996-2016)

Subsurface Values
River Kilometer Parameter Difference B T— =) VS:;er of Change
Test

Salinity (Bottom) Figure 4.36 1.86 0.009 A
River Kilometer 23.6

Salinity (Surface) Figure 4.37 0.70 0.019 A
Salinity (Bottom) Figure 4.38 0.73 0.040 A
River Kilometer 30.7

Salinity (Surface) Figure 4.39 0.24 0.000 A
Salinity (Bottom) Figure 4.40 0.26 0.000 A

* Red V denotes significance at the 0.05 level
*  Blue V¥ denotes significance at the 0.10 level

The graphical and statistical analyses show that as a result of the extended periods of low flows
during the droughts, both surface and bottom salinities were almost uniformly significantly
higher during the 1996-2016 interval than between the 1976-1989 sampling period (on a
seasonally averaged annual basis) along the entire lower river/upper harbor HBMP monitoring
transect. These results further emphasize the profound influence of the recent intense seasonal
drought conditions, especially since average annual freshwater inflows during the same recent
sixteen year period have on average not been significantly different (see Appendix C).
Alternatively, these differences may also in part reflect the very small changes in sea level that
have occurred between the two time intervals.

The Coastal Environmental (1996) method of testing seasonally adjusted annual averages and the
monthly Seasonal Kendall Tau statistical procedure (see complete description in Section 3.2.3)
were both used to test for potential trends in the locations of each of the four monitored
“moving” isohaline-based HBMP monitored salinity zones between 1984 and 2016. Summary
results of these trend analyses are presented Table 4.9.

(Note: The presented time-series plots for the moving isohaline-based salinity zones start in June
1983 coinciding with the beginning of monitoring, while January 1984 was used as the starting
point for all statistical trend analyses. The initial six months in 1983 were not included in order
to incorporate twelve months of data having equal numbers of seasons within each of the
subsequent twenty-eight years analyzed.)
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Table 4.9
Trend Tests of Isohaline Locations 1984-2016

Seasonally Adjusted Seasonal Kendall Tau of Monthly

Salinity-Based Isohaline Annual Means Means

Location Monthly | ¢ o P Tau Un- Adj. | Adjusted | ¢

Mean P Value Value P P P

0 psu Salinity - First Figure 023 | 0010 0.18 0.000 0037 | 0200
Upstream Occurrence 4.41
6 psu Salinity - First Figure 0.09 | 0.000 0.09 0.009 0227 | 0.079
Downstream Occurrence 4.42
12 psu Salinity — First Figure 0.10 0.000 0.11 0.002 0.171 0.879
Downstream Occurrence 4.43
20 psu Salinity — First Figure 018 | 0.000 017 0.000 0044 | 0153
Downstream Occurrence 4.44

* Red denotes significance at the 0.05 level
** Blue denotes significance at the 0.10 level

The results of the trend tests using the Coastal Environmental seasonally adjusted annual means
method indicated statistically significant progressive increasing upstream movements in the
relative spatial distributions of all four isohaline locations along the HBMP monitoring transect
between 1984 and 2016. The somewhat more conservative Seasonal Kendall Tau procedure
indicated that while all four isohalines showed upstream movements, only those of the 0 and 20
psu isohalines were statistically significant. Analyses completed as part of the 2011 HBMP
Comprehensive Summary Report yielded similar results. Both the extended 1999-2001 and 2006-
2011 droughts affected rainfalls and river flows throughout southwest Florida. The influences of
these droughts are evident in the observed changes in the relative locations of the HBMP
isohalines. The relative overall degree of upstream movement of the freshwater/saltwater
interface (0 psu) during these two droughts is especially noticeable in Figure 4.41.
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Figure 4.41 Mean (blue dots) and 95% confidence limits (grey bars) of 0 psu isohaline locations within each
year (1984-2016)

4.4  Flow-Salinity Relationships

This section presents various analyses conducted using isohaline-based and fixed station
sampling data, as well as data from the USGS and Authority continuous recorders to examine the
relationship between salinity (or conductivity) and gaged flows.

4.4.1 Graphical and Correlation Analyses

Plots of sub-surface measurements of salinity versus the preceding seven-day average combined
gaged flow upstream of the Facility (0 to 3000 cfs) are presented in Table 4.10. These graphical
analyses provide additional support to the previously described responses of salinity to seasonal
changes in freshwater inflow at each of the fixed sampling locations along the long-term HBMP
monitoring transect.
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Table 4.10
Relationships between Salinity and Freshwater Inflow

Water Quality Monitoring Station River Kilometer
Parameter 2.4 6.6 15.5 23.6 30.7
Salinity (surface) Figure 4.45 Figure 4.46 Figure 4.47 Figure 4.48 Figure 4.49
Salinity (Bottom) Figure 4.50 Figure 4.51 Figure 4.52 Figure 4.53 Figure 4.54

Plots of the isohaline location for each of the four HBMP isohalines versus combined gaged flow
upstream of the Facility (0 to 3000 cfs) are presented in Table 4.11. These analyses provide
further support for the previously described response to seasonal changes in freshwater inflow at
each of the salinity based sampling locations. As these figures indicate, large degrees of variation
often occur at a given flow depending on the history of flows over both the immediate and
longer-term preceding periods.

Table 4.11
Isohaline Sampling Location Versus Flow

Estuarine Isohaline

Water Quality Parameter
0 psu 6 psu 12 psu 20 psu

River Kilometer Figure 4.55 Figure 4.56 Figure 4.57 Figure 4.58

Box and whisker graphical plots were used to depict spatial variations under different flow
regimes of ambient salinity at each of the five fixed HBMP Peace River monitoring locations.
These plots were compared by river kilometer among the sampling sites under a series of
percentile flow based ranges of the preceding seven day average gaged flow (as measured by the
three USGS gaging sites which combined contribute to the estimate of flow upstream of the
Facility). Additionally, similar box and whisker plots were created to depict the spatial location
of the four isohalines monitored by the moving station sampling under differing flow conditions.
Flows were divided into the following series of categories based on percentiles relative to the
long-term (1976-2016) record of HBMP monitoring. Note: Q values (percent exceedance) are
equal to P values (percentiles) subtracted from 100.

e Very Low Flows (0 to 106 cfs) — representative of the lowest ten percent (P10) of river flows
during the 1976-2016 time period;

e Low Flows (106-192 cfs) — or flows within the P10 to P25 interval,

e Normal Low Flows (192-477 cfs) — or flows characteristic of the long-term P25 to P50
(median) range;

e Normal High Flows (477 to 1,259 cfs) — representative of Peace River Arcadia flows within
the P50 (median) to P75 statistical interval;

e High Flows (1259 to 3,063 cfs) — characterizing river flows in the P75 to P90 range.
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e Very High Flows (above 3,063 cfs) — or the upper ten percent (P90) of all observed flows
during the 1976-2016 time period; and

e All Flows - this final series of box and whisker plots depicts the overall spatial differences
and the range of observed variation in each of the water quality parameters without regard to
flow.

The graphical results of these analyses are summarized in Table 4.12.

Table 4.12
Box and Whisker Plots Of Salinity and Isohaline Locations (River Kilometer)
Under Differing Flow Categories

Flow Category — Range in Cubic Feet/Second

Water Quality
Parameter 0to 106to | 189to 416261%0 1252;0 > 2948 All
106 cfs | 189 cfs | 466 cfs ofs ofs cfs Flows

Figure Figure Figure Figure Figure Figure Figure

Salinity (Surface) 459 4.60 461 4.62 463 464 4.65

Figure Figure Figure Figure Figure Figure Figure

Salinity (Bottom) 4.66 4.67 4.68 4.69 4.70 4.71 4.72

Figure Figure Figure Figure Figure Figure Figure

River Kilometer 4.73 4.74 4.75 4.76 4.77 4.78 4.79

The following generalized patterns and overall observations can be drawn from the series of
graphics presented in Table 4.12 for each of the selected water quality characteristics.

Surface Salinity (psu) — The series of figures clearly depicts the progressive changes that occur
along the river kilometer based lower Peace River sampling transect as river flows increase.
Under the lowest river flow conditions, brackish water conditions extend upstream well beyond
the point of Facility water withdrawals. Conversely, freshwater at the surface can extend
downstream to near the river’s mouth under conditions of extended periods of freshwater inflow.

Bottom Salinity (psu) — The presented figures show that bottom salinity along the HBMP
monitoring transect also declines as freshwater inflows increase. However, even under relatively
higher flows (1000-3000 cfs combined gaged flow upstream of the Facility), bottom salinities
downstream of the U.S. 41 Bridge (RK 6.6) are typically greater than 20 psu and brackish
conditions extend well up into the lower river into the area near Harbour Heights (RK 15.5).

Isohaline Location (River Kilometer) — The series of plots indicate the effects of increased
freshwater on the relative locations of each of the four HBMP isohalines along the lower Peace
River/Charlotte Harbor monitoring transect. The presented series of figures show that under low
flow conditions, all four isohalines are confined over limited ranges within the lower river. The
spatial pattern of the locations of the isohalines changes with increasing flows. The relative
spatial locations of each of the four isohaline-based salinity zones move more downstream and
become much more variable as flows increase. This is especially true with regard to the relative
spatial locations of the two highest salinity zones, since under high flows the positions of these

Peace River Manasota Regional 4-22 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 4 — Salinity

isohalines are to a great extent dependent upon the length of the preceding period of high flows.
Also, as flows increase, the water column at the higher salinity isohalines becomes more
stratified, which further enhances their downstream movement. Overall, the variability of the
relative locations of the four isohalines increases with salinity.

Correlations were further used to assess potential statistical differences in the relationships
between differing rates of seven-day average combined gaged flow upstream of the Facility and
salinity at each of the five fixed HBMP sampling sites spatially distributed along the lower river
monitoring transect. The same seven statistically based river flow groupings described above
were used to test for differences in correlations, and the summary results are presented in Table
4.13. Additionally, correlations were used to assess potential statistical differences in the
relationships between differing rates of seven day average combined gaged flow upstream of the
Facility and the river kilometer location of each of the four moving HBMP isohaline-based
sampling salinity. Table 4.14 presents the results of the isohaline location correlation analyses.
Presented in Tables 4.13 and 4.14, for each location and flow category, are the number of
available observations (N), the resulting correlation coefficient (R value), and the level of
significance (P). In evaluating these results, it should be remembered that the relative degree of
variability (percent) explained by changes in flow (the independent variable) is actually the
correlation coefficient squared or R?.

The following briefly summarizes some of the apparent patterns and primary conclusions
resulting from the presented analytical comparisons between the measured variability of water
quality characteristics in the lower river/upper harbor estuarine system and gaged freshwater
inflows upstream of the Facility.

Salinity (psu) — There is a distinct inverse relationship between measured surface salinities and
increases in gaged flow up to 3000 cfs at the most downstream fixed sampling site, located near
the river’s mouth. However, similar relationships increasingly break down further upstream with
increasing flows as surface salinities along the HBMP lower river monitoring transect change
from Dbeing tidally brackish to always being characteristically freshwater under conditions of
increasing freshwater flows. Bottom salinities at the two most downstream monitoring sites
show relationships with flows up to about 1000 cfs after which the water column becomes highly
stratified and influences of further increases are highly reduced. Moving further upstream both
surface and bottom salinities show similar relationships with increasing flows.

Isohaline Location (River Kilometer) — The relative locations of each of the four HBMP
isohalines along the lower river/upper harbor monitoring transect show strong inverse
relationships with freshwater inflows. Under very low flow conditions, the highest 20 psu
salinity zone often extends up into the lower river. The freshwater/saltwater interface (0 psu), by
comparison, can extend well downstream towards the mouth of the river during extended periods
of high river flow. The graphical and statistical analyses indicate that the relative spatial
locations of each of the isohalines initially move rapidly downstream with increasing flows.
However, over higher ranges of flows the relative slope of change becomes less as do the
relationships between flow and isohaline location along the monitoring transect. The observed
relationships are confounded due to the importance of both short and long-term preceding
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conditions, as well as the often increasing physical stratification of the water column under
conditions of higher flows.

4.4.2 Empirical Models of Flow versus Salinity Relationships at the Select Continuous
Recorder Locations

The primary objective of the following series of presented analyses was to update and determine
statistical relationships between the measured salinity variability at selected (Table 4.15) salinity
recorder locations along the lower Peace River HBMP monitoring transect (Figure 4.2). The
included analyses are intended to provide an understanding of the relationship between salinity
and flow (and other explanatory factors) as well as to provide predictive modes. Specific ranges
of flow were applied at each location to increase the resulting model’s ability to be used
specifically to assess salinity changes due to past and currently permitted withdrawals within the
defined region of the lower river characterized by each individual recorders location. Combined
gaged flows upstream of the Facility below 100 cfs were not included to assure that the empirical
models were not unreasonably fitted to the rapidly increasing salinities under very low flows.
The establishment of this lower threshold also guaranteed that the models would include
conditions near, and slightly below, the Facility’s 130 cfs permitted flow cutoff. Similar low
flow cutoffs were previously applied in developing the specific flow models in conjunction with
the evaluation of 2006-2007 HBMP “pump tests” (PBS&J 2007), and the 2006 HBMP
Comprehensive Summary Report (PBS&J 2009). The models developed in the 2011 HBMP
Comprehensive Report (Atkins 2013), as well as in this current report, also limited the model
domain of flows at the high end. Unique high flow cutoffs were applied to the specific model for
each recorder location based on the range of combined upstream flows at which segments of the
lower river characterized by the recorder’s location become predominantly distinguished by
freshwater conditions (see Figures in Table 4.6 above). This again reduced the resulting
statistical model’s likelihood of unduly weighting its fit to the lower part of the salinity/flow
relationship, beyond which withdrawals were extremely unlikely to be influenced by salinity
levels in that region of the monitoring transect.

Empirical models using the more limited data available at that time, over a slightly wider range
of flows, were previously developed for the two USGS continuous recorders as part of the 2002
HBMP Comprehensive Summary Report (PBS&J 2004). These earlier models and those
produced for the District (Janicki Environmental, 2003) were then used in this older (2002)
HBMP Summary Document as predictive tools to assess the spatial extent and magnitude of
possible salinity changes due to both historic and expected future potential permitted freshwater
withdrawals. Updated and more spatially diverse data from the same two USGS and three new
HBMP continuous recorders were subsequently used in the 2006 HBMP Comprehensive
Summary Report in developing statistical flow/salinity models used to further refine the potential
spatial magnitude of potential salinity changes in the lower river due to Facility freshwater
withdrawals. The 2011 HBMP Comprehensive Summary Report added models for two newer
sites at RK 29.8 and 30.6. These two newer locations both characterize conditions within the
same general area of the lower river near the Facility’s intake (which was why the gage at RK
30.6 was discontinued in June 2011). It should be noted that the Facility typically avoids
withdrawing water from the river when there is indications of elevated salinity in this region of
the lower river even if combined upstream gaged flows exceed 130 cfs. Thus, it is expected that
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any measureable effects of Facility withdrawals in this reach of the lower river will be quite
small.

Table 4.15 lists the recorder sites used in this report to develop models using available data. This
includes the seven sites previously used in the 2011 HBMP Comprehensive Summary Report, as
well as data from sites added in 2011 (Table 4.1).

The most upstream HBMP continuous recorder (RK 31.7) was excluded from these analyses
even though data have been collected at this site since mid-2008. The reach of the lower river
characterized by this recorder is typically characterized by freshwater conditions below the
Facility’s 130 cfs cutoff threshold. As such, conductivities (salinity) at the site are far more
indicative of seasonal changes in the upstream watershed than the upstream movement of
brackish harbor waters moving upstream that might be influenced by withdrawals.

Table 4.15
Selected Recorders with Sufficient Data to Provide Accurate Empirical Models

Gage ID, Location Period of Record Kil?)xeerter
RKO09 (Authority) — Navigation Marker south of 175 Bridge Jun. 2011 - Dec. 2016 RK 09.2
RK12 (Authority) - Manatee Zone Marker near Shell Creek (surface) Jun. 2011- Dec. 2016 RK 12.7
HH (USGS - 02297460) — Dock at Harbour Heights Sep. 1996 — Dec. 2016 RK 15.5
RK18 (Authority) — Channel Marker in Area of Power Lines Jun. 2011 - Dec. 2016 RK 18.5
RK18_HC (Authority) - Manatee Zone Marker on Hunter Creek Jun. 2011 - Dec. 2016 RK 18.7
RK20 (Authority) — Channel Marker downstream of Island Jun. 2011 - Dec. 2016 RK 20.8
RK21 (Authority) - Manatee Zone Marker near Liverpool area Dec. 2005 — Dec. 2016 RK 21.9
RK24 (Authority) - Manatee Zone Marker gage near Navigator Marina | Dec. 2005 — Dec. 2016 RK 24.5
PRH (USGS - 02297350) — Dock at Peace River Heights gage Nov. 1997 — Dec. 2016 RK 26.7
PRP (USGS — 02297345) — Peace River at Platt (Facility) Dec. 2009 — Dec. 2016 RK 29.8

4.4.2.1 General Methodology for the Development of Empirical Models

The presented series of site specific empirical models were developed using averaged hourly
surface conductivity data gathered during the periods-of-record for each of the selected
continuous recording locations. The data were used to develop empirical models of salinity
versus flow relationships using measured salinities as the dependent variables, and expressions
of gaged freshwater inflows minus withdrawals as well as measured stage (water level) as
independent variables. The following assumptions and criteria were applied during the
development of the individual empirical models.

. The modeled flow terms used combined total daily gaged freshwater inflows measured
by USGS at the Peace River at Arcadia, plus Horse Creek near Arcadia and Joshua Creek
near Nocatee. Some enhancement of the model for the site at Harbor Heights (RK 15.5)
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would potentially have resulted from also including corresponding gaged flows from
Shell Creek). However, this additional input was not included since a primary objective
was to determine specific relationships relative to Peace River Facility withdrawals based
on gaged flows upstream of the Peace River Facility.

. Actual daily Facility withdrawals were subtracted from the daily average combined
upstream gaged flow for each observation in order to determine the final resultant flow
terms.

. A second lagged, long-term cumulative flow term was then applied to the empirical

models to establish some indication of background conditions and the “resident memory”
associated with the characteristic of the longer-term salinity gradient within the lower
river/upper harbor estuarine system. The length of the lag for this long-term cumulative
flow was determined independently for each location.

. The 15-minute data from the continuous recorders were averaged over one-hour intervals
to reduce the influences of short-term random events (such as boat wakes).

. Stage heights corresponding with the same interval of the measured salinity were added
to the models to account for the daily variability in the influences of tides/wind on
salinity. Water level heights were measured directly from the USGS Harbour Heights
(RK 15.5), Peace River Heights (RK 26.7), and Platt (RK 29.8) recorder sites, with 15-
minute stage data from the first two of these gages extending back to the late 1990s.
Corresponding water levels for the HBMP surface salinity recorder locations were
interpolated over their period-of-record based on their relative distances using lags in tide
stage from the USGS recorder sites.

. A final term was tested for each model to account for the interactions of flow with stage
and tidal influences. When freshwater inflows are low (such as during the spring dry-
season), there are very close correlations between tidal stage and the observed daily
variability in measured conductivities (salinity). However, as flow increases and overall
conductivities decline, the influences of daily tidal variability on observed salinity
patterns declines.

) As an initial step in the development of each empirical model, the Statistical Analysis
Software (SAS) “Stepwise General Linear Model” and “RSREG” procedures were used
to screen the potential significance of a number of possible applied linear, non-linear, and
interactive terms. Log and square root flow terms were tested to account for the often-
observed curvilinear response of salinity to increasing freshwater flow. Conversely, non-
transformed variables were used within the models for those independent terms found to
have more linear interactions. (All model parameters were tested and met the statistical
requirements for normal distributions due to the very large number of observations.)

o Using an iterative process, surface salinity models were developed for each of the
continuous recorder sites using the fewest number of independent variables that were
both significant at the 0.05 level (or better) and added appreciably (at least one percent)
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to the overall explained error of the model. In developing the empirical models,
enhancement of the explained variation (R-square) was considered secondary to
increasing the relationships between estimated and observed salinities (model fit).

The developed models used to predict salinity levels at each of the continuous recorder locations
initially utilized the following generalized form. Each model was then specifically modified to
include only those significant terms that directly increase the overall fit using statistically
significant terms. Only a single term was selected and applied to represent multiple significant
terms that were themselves highly autocorrelated (i.e. one, five and seven day lag flow terms).

Salinity =4 + (B, x Floml) + (B,x Flow2) + (3, x Stage) + (5, x (Stage/ Flow))

where:

B, = specific intercept

B, = “short-term” flow slopes (linear and/or non-linear)
S, = “long-term” flow slopes (linear and/or non-linear)

[;= gage height specific slope
S,= gage height/flow interaction specific slope

4.4.2.2 Results of Empirical Models

Table 4.16 summarizes the types of analyses undertaken during the development of the empirical
models for each of the continuous recorder sites, which meet the established temporal and spatial
selection criteria for selection.

Table 4.16
Surface Salinities at the USGS and HBMP Continuous Recorders
Salinity vs. Example of
Flow (used to Developed Estimated vs.
Continuous Recorder Location established Jevelop Observed Daily
) Statistical Model g
high flow Average Salinity for
cutoff) 2016
RK 9.2 HBMP Figure 4.80 Table 4.17 Figure 4.90
RK 12.7 HBMP Figure 4.81 Table 4.18 Figure 4.91
RK 15.5 USGS Harbour Heights Figure 4.82 Table 4.19 Figure 4.92
RK 18.5 HBMP Figure 4.83 Table 4.20 Figure 4.93
RK 18.7 HBMP Figure 4.84 Table 4.21 Figure 4.94
RK 20.8 HBMP Figure 4.85 Table 4.22 Figure 4.95
RK 21.9 HBMP Figure 4.86 Table 4.23 Figure 4.96
RK 24.5 HBMP Figure 4.87 Table 4.24 Figure 4.97
RK 26.7 USGS Peace River Heights Figure 4.88 Table 4.25 Figure 4.98
RK 29.8 USGS Platt Figure 4.89 Table 4.26 Figure 4.99
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Plots comparing the different salinity/flow relationships among the recorder locations using the
combined gaged flows upstream of the Facility for the period-of-record for each recorder are
shown in Figures 4.80 through 4.89. These graphics depict both average hourly measured
salinity values as well as a fitted, smoothed line, plotted values using a SAS cubic spline method
(which minimizes both the linear combination of the sums of squares of the residuals of the fit as
well as the integral of the square of the second derivative). These figures clearly show the great
degree of variability in salinity that can be observed at locations along the lower river even over
a very narrow range of flows. As previously discussed, the high degree of observed salinity
variability results primarily from the combined influences of normal daily tidal patterns, periodic
strong wind’s predominantly blowing from either the north or south, and differences in preceding
seasonal flow patterns that result in either higher or lower background salinity levels in upper
Charlotte Harbor. The vertical lines in these figures represent the selected low flow cutoff (130
cfs combined flow of the three USGS gages upstream of the Facility), while the depicted range
of the X-axis indicates the unique high flow limit specifically used in establishing the domain of
the empirical models for each recorder location.

Tables 4.17 through 4.26 provide the detailed results of the best-fit empirical models developed
for each of the ten monitoring site locations. The resulting models for the more downstream
stations ranged from explaining approximately 85 to 89 percent of the observed variation in
salinity at the recorder locations. The best-fit empirical models for more upstream recorder sites
by comparisons explain less of the observed hourly variability in salinity. This results both from
the wide range of variability in salinity observed in comparison to the relatively much narrower
range of flows in the models domain (see Figures 4.80 through 4.89). The presented tables of
model results indicate the importance that both stage height and flows have, relative to their
contribution in determining the observed variability in hourly averaged salinity at each of the
recorder locations. Comparisons of the Type | and Type Il error terms of the resulting best-fit
empirical models shows the degree of importance of these two dominant variables, as well as the
interactions with other factors in determining the natural range of variation in salinity observed
along the lower river HBMP monitoring transect.

The relative degrees of fit of the empirical models developed for each recorder location are
further shown in Figures 4.90 through 4.99. These figures indicate plots of estimated and
observed daily averaged salinities over the last full year for which data were available at each of
the recorder locations. Comparisons of estimated and observed salinities are only indicated in
these figures when total gaged flow upstream of the Facility was within the selected range of
flows applied in the developed empirical models for each site (Figures 4.80 through 4.89).
Overall, these comparative plots of observed salinities with those estimated by the empirical
models indicate that the models slightly over-predict salinities at low observed levels and
correspondingly somewhat under-predict at higher observed salinity levels. However, over the
typical range of salinities observed at each of the recorder sites, the models presented in Tables
4.17 through 4.26 provide a relatively good fit between observed and estimated values. This
suggests that the models can be used to predict observed variations in salinity, even given the
inherent natural variability resulting from the complex interactions of flows and tides within the
lower reach of the Peace River characterized by the existing array of continuous recorders. As
such, the models provide a fairly simple and straightforward method to analyze and predict the
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potential range and magnitude of potential salinity impacts of withdrawals along the lower river
downstream of the Facility over the wide range of observed natural temporal and spatial
fluctuations due to the combined influences of variations in upstream flows, tides and seasonal
wind patterns.

4.5 Influence of Withdrawals on Salinity
45.1 Application of Empirical Models

The developed empirical models for surface salinities for the selected recorder locations in Table
4.15 were used to estimate average hour salinities over the period 1998 through 2016. This
corresponds with the interval of available complete annual 15-minute gage stage height data for
the two older USGS recorder sites (Figure 4.2; note estimates were made for RK 29.8 for the
period 2010-2016 as this USGS gage was installed in 2009). The availability of such data allows
the estimation of corresponding stage data at other points (the HBMP recorder sites) along the
lower river monitoring transect.

Estimated salinities were made using two separate modeling alternatives.

1. “Actual Withdrawal” Scenario — This condition was determined by applying the
developed empirical models using directly measured stage heights at the three USGS
gages. Corresponding calculated stage heights for the HBMP recorder locations were
made based on estimated tidal lags relative to measured differences between the USGS
recorders. The applied flow terms used in the models under this scenario are measured
flow resulting from reduction due to withdrawals.

2. “No Withdrawal” Scenario — This condition was determined by applying the
developed empirical models using directly measured stage heights at the three USGS
gages. Corresponding calculated stage heights for the HBMP recorder locations were
made based on estimated tidal lags relative to measured differences between the USGS
recorders. The applied flow terms used in the models under this alternative have
withdrawals made by the Facility added back in.

Summary graphical results of the modeled differences between the “No Withdrawal” and
“Actual Withdrawal” alternative withdrawal scenarios are presented on an annual basis over the
1998 to 2016 time interval in Table 4.27. The depicted box and whisker plots show the
estimated annual variability in surface salinities at each of the continuous recorder locations
under the two alternative scenarios (annual mean salinities are shown as dots in the box and
whisker plots; note that data for RK 29.8 begins in 2010).

More detailed summary statistics of calculated annual estimated salinity differences at each of
the recorder sites between the “No” and “Actual” withdrawal scenarios are further summarized
in Table 4.28.
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Table 4.27

Box and Whisker Plots of Estimated Differences due

to Withdrawals in Annual Average Salinities at
Selected Recorder Locations along the HBMP
Monitoring Transect

Year Estimated Salinities
1998 Figure 4.100
1999 Figure 4.101
2000 Figure 4.102
2001 Figure 4.103
2002 Figure 4.104
2003 Figure 4.105
2004 Figure 4.106
2005 Figure 4.107
2006 Figure 4.108
2007 Figure 4.109
2008 Figure 4.110
2009 Figure 4.111
2010 Figure 4.112
2011 Figure 4.113
2012 Figure 4.114
2013 Figure 4.115
2014 Figure 4.116
2015 Figure 4.117
2016 Figure 4.118

The following summarizes some of the more apparent conclusions that can be drawn relative to
the potential magnitude of salinity changes due to Facility withdrawals, as estimated by the
empirical models developed for each of the continuous recorder locations along the HBMP lower

river monitoring transect.

. The presented series of annual graphics emphasize the very high degree of seasonal and
inter-annual temporal variability in salinity that naturally occurs spatially along the lower

Peace River.

These differences are especially dramatic when relative salinity

comparisons are made among wetter years (such as took place in 1998, 2003, 2004, and
2005) and periods of comparatively much lower flows (such as occurred during the
interval from late 1999 through early 2002, as well as over the extended period of

drought between 2006 and 2011).

. The annual average (mean) estimated differences in salinities due to withdrawal were the
greatest at the more downstream locations (RK 12.7 and 15.5) and became progressively
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smaller moving upstream, being the lowest near the Facility (RK 30.6). This result is as
expected, since as flows increase the reaches of the river near and immediately
downstream of the Facility become less and less influenced by higher salinity water
moving tidally upstream. Facility withdrawals can only influence those segments of the
lower river that are still tidally influenced by saltwater, and thus the further a location is
downstream, the greater the percent of time that salinities can be influenced by
withdrawals.

. Many of the calculated median differences in Table 4.28 were zero (particularly at more
upstream locations). A median of zero indicates that at least half the time Facility
withdrawals have limited (if any) influence on the salinities. Obviously the Facility
cannot affect salinity during the period of time when gage flows are below the District’s
low flow threshold. Conversely, when flows are high enough that a particular reach of
the river is always characterized by freshwater conditions (Figures 4.80 through 4.89),
Facility withdrawals also do not affect salinity in that portion of the lower river. A
somewhat less intuitive finding of the series of “pump tests” (PBS&J 2007) was the
observation that Facility withdrawals even during low to moderate flows, primarily only
resulted in higher observed salinities during incoming tides. Withdrawals seemed to have
very little directly measurable influence on salinities during the outgoing and low phases
of the daily tidal cycle.

. Estimated annual average salinity changes due to actual Facility withdrawals for years
following the 2009 Facility expansion range from approximately 0.1 psu upstream to 1.1
psu downstream. Estimated annual average salinity changes at upstream stations were
greatest during 2000 and 2001 (with annual average change ~0.5-0.9 psu at RK 26.7),
prior to Facility expansion. Similarly, the greatest estimated changes for more
downstream stations occurred during this same drought period (annual average salinity
change ~1.9 psu at RK 15.5).

o Estimated 95" percentile annual salinity differences due to Facility withdrawals are
shown to have ranged from approximately 0.01 psu to 3.2 psu over the interval between
1998 and 2016. The estimated salinity changes due to withdrawals have varied both
among wetter and drier periods, as well as with changes in the permitted withdrawal
schedules. Interestingly, the greatest estimated salinity increases due to actual
withdrawals have not always been calculated to have occurred at the most downstream
locations, but rather spatially sometimes further upstream at the intermediate recorder
locations along the HBMP monitoring transect. Again, these results are similar to the
physical observations recorded during the HBMP Facility “pump tests.” These results
showed measurable salinity changes of similar magnitudes due to withdrawals that were
temporally confined to the top end of incoming tides. Spatially, the maximum observed
salinity changes during the “pump tests” were determined by the relative location of the
saltwater/freshwater interface, which is a function of the interactions of both flows and
tides.

The above models that estimate salinity for the period 1998-2016 incorporate the observed
variability in two major factors that affect salinity. Freshwater flows are the primary factor
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affecting the salinity in the lower Peace River. These flows in turn are affected by variability in
rainfall. As detailed in Chapter 3, there has been a notable increase in wet-season rainfall since
approximately 1994, as well as marked declines in dry-season rainfall throughout the Peace
River watershed. Salinities have increased in response to the decreased rainfall in this period.
The permitted withdrawals also affect salinity in the river; the influence depends on the
magnitude of the withdrawals, in combination with the variability in freshwater inflow. Prior to
the development of the MFLs for the lower Peace River, Facility withdrawals had historically
been fairly uniform throughout most of the year. Following their development, the annual pattern
of withdrawals more closely follows a seasonal cycle that follows the natural variability in flow
from the river.

To examine the changes in the effect of withdrawals on salinity as estimated by the model runs
with and without withdrawals, the mean difference between the two model scenarios were
computed for three periods: 2002-2006, 2007-2011, and 2012-2016 (Table 4.29. The estimated
differences in salinity are slightly higher following the 2009 expansion and increased capacity of
the Facility and the increase in permittable withdrawals. However, these estimated differences
slightly declined in the most recent period examined likely due to the variation in freshwater
flows in that period.

Table 4.29
Mean Annual Estimated Changes in salinity for the Three Most Recent 5-year
Periods of the HBMP at the Selected Continuous Recorder Locations

Continuous Recorder Location 2002-2006 2007-2011 2012-2016
RK 9.2 HBMP 0.65 0.92 0.83
RK 12.7 HBMP 0.71 1.12 0.83
RK 15.5 USGS Harbour Heights 0.70 1.13 0.82
RK 18.5 HBMP 0.41 0.73 0.57
RK 18.7 HBMP 0.52 0.88 0.64
RK 20.8 HBMP 0.34 0.63 0.47
RK 21.9 HBMP 0.32 0.59 0.44
RK 24.5 HBMP 0.20 0.42 0.32
RK 26.7 USGS Peace River Heights 0.14 0.29 0.19

*note RK 29.8 (USGS Platt) was not included in this analyses as data were not available prior to
2010.

In assessing the potential magnitude of past actual withdrawals, it should be noted that
historically the Facility has often not withdrawn the full daily amount allowed under its District
permitted amounts. This can be due to a number of factors that include the physical limits to the
Facility’s withdrawal capacity, maintenance and other operational considerations, as well as poor
water quality in the river (algal blooms, high conductivity, etc.). In other instances, withdrawals

Peace River Manasota Regional 4-32 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 4 — Salinity

have sometimes slightly exceeded the permitted percentages, or the established low flow
threshold. The reason for such discrepancies stems from the way that flow data are gathered.
The Facility uses “provisional” real time preceding day flow data from the USGS water level
recorders for withdrawal quantities allowed for the current day. *“Provisional” real-time data are
obtained by the Authority staff a number of times each day directly from the USGS Web Site.
This is accomplished in order to determine an accurate working estimate of the preceding daily
flow on which the current day’s withdrawal is scheduled. However, after the fact, the USGS
checks and evaluates the data from both the gage stage recorder. USGS staff further periodically
measures the river’s/creek’s cross section periodically over the year. Based on such quality
assurance checks, USGS staff may make various revisions to the previously available real-time
information before establishing finalized daily flow estimates for the preceding water year. Thus,
the daily values used by the Facility are only “provisional” and can, and are often, changed as a
result of ongoing USGS data quality assurance procedures weeks or even months later. It is
therefore not uncommon for subsequent determinations of percent withdrawals, based on the
finalized, revised USGS calculations of the initial “provisional” daily flows to sometimes
indicate that daily withdrawals, based on initial real-time flow information, may have slightly
exceeded the District’s permitted maximum percent and/or low flow cutoff. (Since corrected
flows can be either increased or decreased, these changes can also result in the Facility having
taken a somewhat lower percentage of flow than originally thought.)

4.5.2 Estimated Temporal and Spatial Magnitude of the Changes due to Facility
Withdrawals

This section summarizes the estimated changes, as a result of Facility withdrawals, in salinity
and isohaline location along the Lower Peace River.

4.5.2.1 Estimated Changes in Salinity, Spatially Along the Lower Peace River due to
Facility Withdrawals (1998-2016)

The primary objective in this section is to provide similar, but more detailed, finer scale analyses
indicating the recent historical effectiveness of the Facility’s withdrawal schedule in limiting
salinity changes along the lower river. Specifically, this section presents two types of summary
analyses of modeled, estimated salinity changes estimated to be due to freshwater withdrawals.
Analyses were conducted over the 1998-2016 time interval at the selected spatial gaging
locations along the lower river in Table 4.30. This included:

1. Modeled daily average estimated salinity increases relative to estimated daily average
seasonal changes in salinity, and

2. Similar daily estimated spatial salinity increases relative to the estimated daily (hourly
averaged) range of variability in salinity.
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Table 4.30
USGS and HBMP Continuous Recorders Sites for which Empirical Salinity
Models were Developed

Gage ID, Location River Kilometer
RKO09 (Authority) — Navigation Marker south of 175 Bridge RK 09.2
RK12 (Authority) - Manatee Zone Marker near Shell Creek RK 12.7
HH (USGS - 02297460) — Dock at Harbour Heights RK 15.5
RK18 (Authority) — Channel Marker in Area of Power Lines RK 18.5
RK18_HC (Authority) - Manatee Zone Marker on Hunter Creek RK 18.7
RK20 (Authority) — Channel Marker downstream of Island RK 20.8
RK21 (Authority) - Manatee Zone Marker near Liverpool area RK 21.9
RK24 (Authority) - Manatee Zone Marker gage near Navigator Marina RK 24.5
PRH (USGS - 02297350) — Dock at Peace River Heights gage RK 26.7
PRP (USGS — 02297345) — Peace River at Platt (Facility) RK 29.8

Modeled daily average estimated salinity increases relative to estimated daily average seasonal changes in
salinities are depicted in the graphical summaries presented in Table 4.31 by year at the selected recorder
sites along the lower Peace River.

Specific examples comparing modeled estimated average daily salinity increases due to Facility
withdrawals corresponding projected daily averages in salinity, and the daily range in salinity are shown
below for the gaging site at RK 15.5, during 1999 and 2011. This recorder location was selected for
highlighting since the current and previous HBMP modeling efforts (PBS&J 2002, 2006 and 2009)
showed that the expected largest changes in salinity due to withdrawals would occur in this region of the
lower river. The year 1999 was selected for these comparisons since it represents a period of lower flows,
prior to Facility expansions, when the Authority functioned completely under the original 1996
withdrawal schedule. By comparison, 2011 was also a relatively dry year, following the 2002 and 2009
major Facility expansions, and implementation in April 2011 of the current MFL based withdrawal
schedule.
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Table 4.31

A Comparison of Estimated Average Daily Differences in Salinity due to Withdrawals and Estimated Daily Salinity at
Selected Recorder Sites along the Lower River

Year RK 9.2 RK 12.7 RK 15.5 RK 18.5 RK 18.7 RK 20.8 RK 21.9 RK?24.5 RK 26.7 RK 29.8
1998 Figure 4.119 | Figure 4.120 | Figure 4.121 | Figure 4.122 | Figure 4.123 | Figure 4.124 | Figure 4.125 | Figure 4.126 | Figure 4.127

1999 Figure 4.128 | Figure 4.129 | Figure 4.130 | Figure 4.131 | Figure 4.132 | Figure 4.133 | Figure 4.134 | Figure 4.135 | Figure 4.136

2000 Figure 4.137 | Figure 4.138 | Figure 4.139 | Figure 4.140 | Figure 4.141 | Figure 4.142 | Figure 4.143 | Figure 4.144 | Figure 4.145

2001 Figure 4.146 | Figure 4.147 | Figure 4.148 | Figure 4.149 | Figure 4.150 | Figure 4.151 | Figure 4.152 | Figure 4.153 | Figure 4.154

2002 Figure 4.155 | Figure 4.156 | Figure 4.157 | Figure 4.158 | Figure 4.159 | Figure 4.160 | Figure 4.161 | Figure 4.162 | Figure 4.163

2003 Figure 4.164 | Figure 4.165 | Figure 4.166 | Figure 4.167 | Figure 4.168 | Figure 4.169 | Figure 4.170 | Figure 4.171 | Figure 4.172

2004 Figure 4.173 | Figure 4.174 | Figure 4.175 | Figure 4.176 | Figure 4.177 | Figure 4.178 | Figure 4.179 | Figure 4.180 | Figure 4.181

2005 Figure 4.182 | Figure 4.183 | Figure 4.184 | Figure 4.185 | Figure 4.186 | Figure 4.187 | Figure 4.188 | Figure 4.189 | Figure 4.190

2006 Figure 4.191 | Figure 4.192 | Figure 4.193 | Figure 4.194 | Figure 4.195 | Figure 4.196 | Figure 4.197 | Figure 4.198 | Figure 4.199

2007 Figure 4.200 | Figure 4.201 | Figure 4.202 | Figure 4.203 | Figure 4.204 | Figure 4.205 | Figure 4.206 | Figure 4.207 | Figure 4.208

2008 Figure 4.209 | Figure 4.210 | Figure 4.211 | Figure 4.212 | Figure 4.213 | Figure 4.214 | Figure 4.215 | Figure 4.216 | Figure 4.217

2009 Figure 4.218 | Figure 4.219 | Figure 4.220 | Figure 4.221 | Figure 4.222 | Figure 4.223 | Figure 4.224 | Figure 4.225 | Figure 4.226

2010 Figure 4.227 | Figure 4.228 | Figure 4.229 | Figure 4.230 | Figure 4.231 | Figure 4.232 | Figure 4.233 | Figure 4.234 | Figure 4.235 | Figure 4.236
2011 Figure 4.237 | Figure 4.238 | Figure 4.239 | Figure 4.240 | Figure 4.241 | Figure 4.242 | Figure 4.243 | Figure 4.244 | Figure 4.245 | Figure 4.246
2012 Figure 4.247 | Figure 4.248 | Figure 4.249 | Figure 4.250 | Figure 4.251 | Figure 4.252 | Figure 4.253 | Figure 4.254 | Figure 4.255 | Figure 4.256
2013 Figure 4.257 | Figure 4.258 | Figure 4.259 | Figure 4.260 | Figure 4.261 | Figure 4.262 | Figure 4.263 | Figure 4.264 | Figure 4.265 | Figure 4.266
2014 Figure 4.267 | Figure 4.268 | Figure 4.269 | Figure 4.270 | Figure 4.271 | Figure 4.272 | Figure 4.273 | Figure 4.274 | Figure 4.275 | Figure 4.276
2015 Figure 4.277 | Figure 4.278 | Figure 4.279 | Figure 4.280 | Figure 4.281 | Figure 4.282 | Figure 4.283 | Figure 4.284 | Figure 4.285 | Figure 4.286
2016 Figure 4.287 | Figure 4.288 | Figure 4.289 | Figure 4.290 | Figure 4.291 | Figure 4.292 | Figure 4.293 | Figure 4.294 | Figure 4.295 | Figure 4.296
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Figure 4.130 A comparison of average daily differences in salinity due to Facility withdrawals and estimated

average daily salinity at RK 15.5 (1999)
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Figure 4.239 A comparison of average daily differences in salinity due to Facility withdrawals and estimated

average daily salinity at RK 15.5 (2011)
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Table 4.32 presents detailed statistical summaries of modeled estimates of each of these three
comparative measures during 2016. Table 4.33 provides a similar summary for the additional
years over the 1998-2016 time interval. (Again, the modeled changes in all instances are based
on “actual” daily withdrawals over the 1998-2016 period and not estimates of “potential
maximum” change that might have occurred if the entire amounts of water under each of the
withdrawal schedules had been withdrawn.)

Table 4.32
Comparison of Estimated Difference in Salinity due to Withdrawals to Daily
Average and Range of Estimated Salinity Values at Selected Recorder Sites
along the Lower River

Year Site Parameter Mean Min P10 P25 P50 P75 P90 Max
2016 RK 9.2 Estimated Daily Average Salinity 9.6 0 0.5 4 8.9 15.1 20.2 22.5
2016 RK 9.2 Estimated Daily Range in Salinity 6 0 1.8 5.2 6.5 7.8 8.8 12.7
2016 RK 9.2 Estimated Change due to Withdrawals | 0.7 0 0.3 0.5 0.7 0.9 1.1 1.2
2016 RK 12.7 | Estimated Daily Average Salinity 4.6 0 0.1 0.6 2.7 7.9 12.6 14.9
2016 RK 12.7 | Estimated Daily Range in Salinity 4 0 0.4 1.7 4.3 5.8 6.9 9.9
2016 RK 12.7 | Estimated Change due to Withdrawals | 0.5 -1 -0.1 0.1 0.6 0.9 1.2 15
2016 RK 15.5 | Estimated Daily Average Salinity 3.5 0 0.1 0.4 1.3 5.6 10.7 13
2016 RK 15.5 | Estimated Daily Range in Salinity 2.9 0 0.4 1.1 2.8 4.4 5.4 7.7
2016 RK 15.5 | Estimated Change due to Withdrawals | 0.4 -1.6 -0.4 0 0.4 0.9 1.3 15
2016 RK 18.5 | Estimated Daily Average Salinity 2.5 0 0.1 0.3 1.6 4.3 7 9.1
2016 RK 18.5 | Estimated Daily Range in Salinity 3.7 0 0.1 1.1 3.5 5.7 8 134
2016 RK 18.5 | Estimated Change due to Withdrawals | -0.4 -8.8 -2.9 -0.2 0 0.5 1 1.3
2016 RK 18.7 | Estimated Daily Average Salinity 1.9 0 0 0 0.2 3 7.1 9.2
2016 RK 18.7 | Estimated Daily Range in Salinity 1.4 0 0 0 0.7 2.8 3.5 5.6
2016 RK 18.7 | Estimated Change due to Withdrawals | 0.3 -0.1 0 0 0.1 0.6 1 1.3
2016 RK 20.8 | Estimated Daily Average Salinity 1.3 0 0 0 0.6 1.7 4.5 6.3
2016 RK 20.8 | Estimated Daily Range in Salinity 2 0 0 0 15 3.6 5.2 8.3
2016 RK 20.8 | Estimated Change due to Withdrawals | 0.1 -1.9 -0.7 0 0 0.4 0.8 1.1
2016 RK 21.9 | Estimated Daily Average Salinity 0.8 0 0 0 0 0.8 3.4 5.1
2016 RK 21.9 | Estimated Daily Range in Salinity 1.1 0 0 0 0.2 1.8 3.8 6.3
2016 RK 21.9 | Estimated Change due to Withdrawals | 0.2 -0.4 0 0 0 0.3 0.8 1
2016 RK 24.5 | Estimated Daily Average Salinity 0.4 0 0 0 0 0.4 1.4 2.6
2016 RK 24.5 | Estimated Daily Range in Salinity 0.7 0 0 0 0 1.2 2.6 5.3
2016 RK 24.5 | Estimated Change due to Withdrawals | 0.1 -0.4 -0.1 0 0 0 0.6 11
2016 RK 26.7 | Estimated Daily Average Salinity 0.2 0 0 0 0 0.2 0.7 1.3
2016 RK 26.7 | Estimated Daily Range in Salinity 0.3 0 0 0 0 0.5 1.3 2.2
2016 RK 26.7 | Estimated Change due to Withdrawals | 0 -0.1 0 0 0 0 0.3 0.4
2016 RK 29.8 | Estimated Daily Average Salinity 0.1 0 0 0 0 0 0.3 0.3
2016 RK 29.8 | Estimated Daily Range in Salinity 0 0 0 0 0 0 0 0.1
2016 RK 29.8 | Estimated Change due to Withdrawals | 0 0 0 0 0 0 0 0.2
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The following briefly summarizes some of the major observations and conclusions that can be
drawn from the presented summary figures and tables of modeled results.

o The presented annually based graphics emphasize the very high degrees of long-term,
annual, seasonal and daily salinity variability naturally occurring temporally and spatially
along the lower river. These differences are especially notable when comparing wetter
intervals (such as occurred in 1998, 2003, 2004, and 2005) with extended periods
characterized by lower flows (such as happened from late 1999 through early 2002, and
then again more recently during the extended period of drought between 2006 and 2011).

. The annually summarized statistical metrics of daily averaged salinity, the daily range in
salinity, and the estimated daily average change in salinity due to withdrawals estimated
by the developed empirical models were all larger at the three most downstream recorder
locations (RK 9.2, RK 12.7 and RK 15.5). These metrics became progressively smaller
moving upstream, being the lowest nearer the Facility (RK 29.8). These projected results
were as expected, since as flows increase the reaches of the river near and immediately
downstream of the Facility becomes less and less influenced by higher salinity water
moving tidally upstream. Facility withdrawals can only influence those segments of the
lower river that are still tidally influenced by saltwater moving upstream, and thus the
further a location is downstream, the greater the potential duration that salinities can be
influenced by withdrawals.

. The presented graphical and tabular results indicated increased changes in estimated
salinities along the lower river following both the 2002 and 2009 Facility expansions.
However, even following these expansions, and the more recent increased percentages
under the new withdrawal schedule, estimated annual average salinity changes due to
actual Facility withdrawals range from approximately 0.1 psu upstream to around 1.1 psu
downstream.

) However, care should be taken in comparing the statistical summaries and especially in
applying “mean” values. There are typically extended annual intervals when the Facility
isn’t influencing salinity along extended regions of the lower river. Obviously the
Facility is not affecting salinity during the often extended seasonal periods when gage
flows are below the District’s low flow threshold. Conversely, when flows are high
enough that a particular reach of the river is always characterized by freshwater
conditions, Facility withdrawals again do not affect salinity in extended portions of the
lower river. The findings of the Facility “pump tests” (PBS&J 2007) further indicated
that withdrawals primarily only resulted in higher observed salinities during incoming
tides and that withdrawal had less directly measurable influence on salinities during the
outgoing and low phases of the daily tidal cycle. The common instances of “no” or
“zero” influences needs to be taken into consideration when evaluating relative statistical
metrics.

) The maximum daily estimated salinity changes due to withdrawals have varied both
among wetter and drier periods, as well as with changes in the permitted withdrawal
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schedules. Interestingly, the estimated salinity increases due to actual withdrawals have
not always been calculated to have been highest at the most downstream Harbour Heights
recorder location, but rather spatially sometimes further upstream at the intermediate
recorder locations along the HBMP monitoring transect. Again, these results are similar
to the physical observations recorded during the recently completed HBMP Facility
“pump tests.” These results showed measurable salinity changes of similar magnitudes
due to withdrawals that were temporally confined to the top end of incoming tides.
Spatially, the maximum observed salinity changes during the “pump tests” were
determined by the relative location of the saltwater/freshwater interface, which is a
function of the interactions of flows, tides and withdrawals.

. In assessing the potential magnitude of past actual withdrawals, it should be noted that
historically the Facility has often not withdrawn the full daily amount allowed under its
District permitted amounts. This can be due to a number of factors that include the
physical limits to the Facility’s withdrawal capacity, maintenance and other operational
considerations, as well as poor water quality in the river (algal blooms, high conductivity,
etc.).

. The modeled results indicate that salinity changes due to Facility withdrawals have
increased since the most recent expansion and change in the withdrawal schedule. These
increases remain relatively small when compared to the range of naturally occurring
daily, seasonal and longer term flow/tide related variation along the lower Peace River.
The results further indicate that, by design, the largest increases in salinity resulting from
the withdrawal schedule are focused into wetter periods, and occur in regions of the
lower river that naturally experience relatively large salinity fluctuations. The
components of the withdrawal schedule thus effectively reduce the relative potential
influences of withdrawals.

4.5.2.2 Potential Isohaline Movement Due to Facility Withdrawals

The status and trends in the relative spatial locations of the four monthly monitored HBMP
isohaline locations (0, 6, 12 and 20 psu) over the 1984-2016 time interval was discussed earlier
in this chapter. Long-term differences and seasonal patterns in the relative monthly movement
of these four isohalines were analyzed to changes in freshwater inflows. The analyses indicate
the large degree of both inter- and intra-annual variability that occurs in the relative monthly
locations along the established lower Peace River/upper Charlotte Harbor river kilometer
transect in response to freshwater inflows, resulting in observed variations up to as much as 35 to
55 kilometers in the relative spatial distributions of the monthly based locations of the four
monitored isohalines

In this section empirical models were developed to estimate the relative spatial location of each
of the four isohalines along the HBMP monitoring transect utilized generalized forms similar to
those used earlier in this chapter to estimate salinity at the continuous recorder sites. Each
isohaline model incorporated only those significant terms that directly increase the overall fit
using statistically significant terms, and only applying a single term to represent multiple
significant terms that were themselves highly autocorrelated.
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Salinity =4 + (B, x Flowl) + (S,x Flow2)
where:
B, = specific intercept
B, = “short-term” flow slopes (linear and/or non-linear)

B,

“long-term” flow slopes (linear and/or non-linear)

The following presents the results of the graphical and statistical analyses of the relationships
between total gaged freshwater inflows upstream of the Facility and the spatial distributions of
the four HBMP isohalines.

0 psu Isohaline — Figure 4.297 and Table 4.34
6 psu Isohaline — Figure 4.298 and Table 4.35
12 psu Isohaline — Figure 4.299 and Table 4.36
20 psu Isohaline — Figure 4.300 and Table 4.37

Figures 4.301 and 4.302 and Table 4.38 summarize the modeled estimated isohaline movements
due to actual withdrawals. Like the previous modeled changes in salinities, these results indicate
that the movements of the isohalines increased as Facility capacity and storage have been
enhanced, and the withdrawal schedule has been modified under the District’s lower Peace River
MFL.

Peace River Manasota Regional 4-40 2016 HBMP Comprehensive Summary Report
Water Supply Authority
Janicki Environmental, Inc. October 2017



Chapter 4 — Salinity

18 @@ @ (psulsohaline

‘@@ @ 6 psulsohaline
5 ®®e® 12 psu lsohaline
@@ e 20 psu Isohaline

14

1.2

:
:
;
t

1.0

0.8

Spatial Change in River Kilometers

o8 00 02 18

Figure 4.301 Estimated change in daily isohaline locations due to Facility withdrawals (1998-2016)
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Figure 4.302a Monthly box plots of estimated changes in d