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to 12, and 11 to 17 relative to baseline flows for seven flow reduction scenarios for

three seasonal blocks.

Cumulative distribution function plots of water volume with salinity < 2, < 5, < 14, and
3 to 14 for baseline flows and seven flow reduction scenarios for the three seasonal

blocks.

Bar charts of the percent of water volume with salinity < 2, < 5, < 14, and 3 to 14
relative to baseline flows for seven flow reduction scenarios for three seasonal

blocks.
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List of Acronyms

ug/l micrograms per liter

3D three dimensional

CPUE catch per unit effort

DO dissolved oxygen

DPS Deer Prairie Slough

EAV emergent aquatic vegetation

EDT eastern daylight time

EST eastern standard time

FDEP Florida Department of Environmental Protection
FFWCC Florida Fish and Wildlife Conservation Commission
FLUCCS Florida Land Use Land Cover Classification System
FMRI Florida Marine Research Institute

FSC free-surface correction

FWRI Florida Water Resources Institute

GIS Geogrpahic Information System

HSPF Hydrologic Simulation Program for Fortran

Km kilometer

LAMFE laterally averaged model for estuaries

mg/I milligrams per liter

MML Mote Marine Laboratory

NOAA National Oceanic and Atmospheric Administration
NWS National Weather Service

PCU platinum cobalt units

PEST parameter estimation software package
PRMRWSA Peace River Manasota Regional Water Supply Authority
psu practical salinity units

RK fire kilometer

SAV submeged aquatic vegetation

SFWMD South Florida Water Management District
SWFWMD Southwest Florida Water Management District

TN total nitrogen

TP totan phosphorus

UCH-LPR-LMR |Upper Charlotte Harbor - Lower Peace River - Lower Myakka River
USF University of South Florida

USGS United States Gelogical Survey
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Executive Summary

The Myakka River watershed covers approximately 1559 square kilometers (602 square miles) in
predominantly Manatee and Sarasota counties, with small portions extending into Hardee, DeSoto,
and Charlotte counties. Along with the Peace River, the Myakka River is one of the two rivers that
contributes flow to Upper Charlotte Harbor, which is considered to be one of the most pristine and
valuable estuaries in Florida. The Myakka River is similarly a very highly valued natural resource,
with portions of it designated as either an Outstanding Florida Water, a State of Florida Wild and
Scenic River, and/or an Aquatic Preserve.

Minimum flows are defined in Florida Statutes as “the limit at which further withdrawals would be
significantly harmful to the water resources or ecology of the area”.  Minimum flows essentially
establish how much the flow of a stream or river can be reduced by water use without causing
unacceptable impacts to the resources of that stream or river including its ecological characteristics.
Minimum flow rules can be established for both freshwater streams and freshwater inflow to estuaries
and are important regulations that affect natural systems protection, water supply planning, and water
use regulation.

For management purposes, the Myakka River watershed can be divided into upper river and lower
river sub-basins with the divide at the outlet to Lower Myakka Lake. This report establishes minimum
flows for the Lower Myakka River, or the 52 kilometer reach of the river that lies within the lower river
sub-basin. The Lower Myakka River is tidally affected over much of its length and the ecological
resources of concern in the lower river include estuarine species and communities that are closely
linked with the biological resources of Charlotte Harbor. Minimum flows for the freshwater reach of
the Myakka River in the upper river sub-basin were established by a previous District project.

The establishment of minimum flows for both the freshwater and tidal reaches of the Myakka River
have taken into account that flows in the river have increased significantly due to human activities. It
has been well documented that changes in land use in the upper river sub-basin, particularly an
increase in irrigated agricultural crops, has resulted in increased flows in the main river channel and a
number of upstream tributaries. These increased flows have in turn resulted in tree die-off in the
Flatford Swamp and impacts to other freshwater riverine wetlands. To address these impacts, the
District has pursued a Myakka River Watershed Initiative (MRW!I) project to develop management
plans to reduce or remove the excess flows in the upper river sub-basin.

As part of the MRWI, a highly detailed integrated surface water / ground water model for the upper
river sub-basin above the long-term Myakka River near Sarasota gage was developed using the MIKE
SHE modeling platform. Using hydrologic simulations that included both historical and existing land
use, the model allowed for the prediction of excess flows the river received on a daily basis for a
twelve-year period from May 1994 through April 2006. These modeling estimates are being used as
hydrologic targets in management plans to reduce the excess flows in the upper river sub-basin and
restore more natural hydrologic conditions to Flatford Swamp and other freshwater systems.

Given these findings for the upper river sub-basin, the determination of minimum flows for the Lower
Myakka River evaluated the effects the removal of these excess flows would have on the ecology of
the lower river. To address this question, the minimum flows analysis used the existing flow regime of
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the lower river as the baseline against which to evaluate the effects of flow reductions. This approach
was warranted because there have been other historic modifications in the lower river sub-basin that
have reduced freshwater flows to the Lower Myakka River. These are the construction of the
Blackburn Canal, which primarily diverts some water away from the lower river to Roberts Bay near
Venice, and the modification of Cowpen Slough drainage basin, which diverted almost ten percent of
the historic watershed of the Lower Myakka River toward Dona Bay.

The supplementation of flows in the upper river sub-basin and these historic modifications in the lower
river sub-basin have counteracted each other to some extent to result in the existing flow regime of
the Lower Myakka River. The water quality and ecological characteristics of the Lower Myakka River
are currently both in excellent condition, and the biological communities in the lower river have
become adapted to the lower river’s existing flow regime. Because of its high natural resource value
and healthy ecological condition, the District considered the existing flow regime of the lower river as
the baseline against which to measure the effects of withdrawals or other flow reductions.

To determine the minimum flows for the Lower Myakka River the District evaluated a series of
potential flow reduction scenarios. The first was to simulate the maximum permitted water supply
withdrawals by the City of North Port from Myakkahatchee Creek, which is a major tributary to the
lower river. These withdrawals were then combined with removal of all the excess flows from the
upper river sub-basin above the Myakka River near Sarasota gage. Scenarios were then run which
simulated the withdrawal of different percentages of the flow remaining at that gage after removal of
the excess flows.

The effects of these flow reduction scenarios were evaluated by running a series of mechanistic and
empirical models to predict changes in salinity distributions and a number of biological parameters in
the lower river estuary. Reductions in the bottom area and water volume of biologically important
salinity zones were simulated using a linked two-dimensional / three-dimensional hydrodynamic
model of the Upper Charlotte Harbor — Lower Peace River — Lower Myakka River system. A
regression model of the location of the 2 psu surface water isohaline was used to evaluate the effects
of flow reductions on sensitive low salinity and freshwater marshes that occur between river
kilometers 22 and 29. Regression models were also used to simulate changes in the distribution and
abundance of key fish and invertebrate species in the river, with emphasis on a dominant fish species
in low salinity areas and a crustacean that is an important prey from juvenile fishes.

The estuarine analyses found that the maximum withdrawal of water by the City of North Port had
very little effect on the ecological resources of the Lower Myakka River and were well within
acceptable limits. When these withdrawals were combined with the removal of the excess flow from
the upper river, it was found that reductions in ecological resource indicators were most pronounced
at low flows, largely because the excess flows can comprise very high percentages of the low flow of
the river. In minimum flow studies of other rivers the District has used a 15% reduction in resource
indicators as a threshold for identifying significant harm. Reductions in resources in excess of 15%
were predicted in the Lower Myakka River at low flows, especially in the spring dry season.
Reductions in resource indicators less than 15% were common at higher flows that typically occur in
the summer, winter, and fall.
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Based on these findings, the proposed minimum flows for the Lower Myakka River are that flow
reductions should not exceed water quantities that are hydrologically equivalent to the excess flows
that were simulated for this minimum flows report, until daily flows at the Myakka River near Sarasota
gage exceed a flow rate of 400 cfs. The removal of excess flows should be capped at 130 cfs at all
rates of river flow. Removing these excess flows will return flows in the river to conditions like those
that existed before the late 1970s, when human effects on increased flows in the river were much
less. Although construction of the Blackburn Canal and the modification of the Cowpen Slough basin
have reduced freshwater flow to the lower river, the effects of these modifications are most
pronounced at higher flows, and are typically exceeded by excess flows at low flow rates.

It was concluded from the estuarine analyses that withdrawals by the City of North Port will be in
compliance with the proposed minimum flows, as these withdrawals have a very small effect on the
ecosystem of the Lower Myakka River. Also, the proposed minimum flows allow for withdrawal of ten
percent of the daily flow at the Myakka River near Sarasota gage that remains after removal of the
excess flows, if daily flows at that gage exceed a rate of 400 cfs. This provision is warranted
because reductions in resource indicators in the lower river are less than 15% at high flow rates, even
when the excess flows and ten percent of the remaining flow at the gage are removed.

The simultaneous application of restoration plans for the Upper Myakka River sub-basin and minimum
flows for the Lower Myakka River will require an adaptive management strategy in which the excess
flows that are removed and remaining flow at the Myakka River near Sarasota gage will have to be
closely monitored to ensure that compliance with the minimum flows for the lower river are achieved.
It is unlikely that removal of all the excess flows in the upper river sub-basin can be achieved in the
short term, and reductions of the excess flow may be done incrementally over time. This will allow for
the effectiveness of the minimum flows for the lower river to be periodically reviewed, while restoration
plans for the upper river sub-basin are developed and implemented.

Even with this incremental approach, the removal of excess water within the proposed minimum flows
will cause substantial reductions in the existing low flow characteristics of the Lower Myakka River.
These flow reductions will in turn result in shifts in salinity distributions and reductions in the
abundance of some species and biological communities in the lower river during prolonged periods of
low flow. These changes will be most pronounced in the spring dry season, which is an important time
for fish nursery use and increasing biological productivity in the lower river estuary.

Management options for other hydrologic features that affect freshwater flow to the Lower Myakka
River could be pursued to at least partially offset the reductions in low flows in the dry season. These
could include modifications or water storage options that involve the Blackburn Canal, the Cowpen
Slough drainage basin, or the Tatum Sawgrass area. However, the removal of excess flows from the
upper river sub-basin and compliance with minimum flows for the Lower Myakka River would not be
contingent upon such management plans.

Finally, minimum flows for Myakkahatchee Creek should be established within a five years. This time
frame will allow for the inclusion of streamflow data from relatively new gages on Myakkahatchee
Creek and the Cocoplum Waterway. The minimum flow evaluation for Myakkahatchee Creek could
also incorporate improvements to the District’'s hydrodynamic model of the Upper Charlotte Harbor —
Lower Peace River — Lower Myakka River system that will be applied with the scheduled reevaluation
of the minimum flows for the Lower Peace River within this same time frame.
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Chapter 1

Purpose and Background of Minimum Flows and Levels

1.1 Overview

The Southwest Florida Water Management District (District) is responsible for permitting the
consumptive use of water within the District's boundaries. Within this context, the Florida Statutes
(Section 373.042) mandate that the District protect water resources from “significant harm” through
the establishment of minimum flows and levels for streams and rivers within its jurisdiction. The
purpose of minimum flows and levels (MFLS) is to create hydrologic and ecological standards by
which either permitting or water resource planning decisions can be made concerning withdrawals
from surface or ground waters.

Along with the Peace River, the Myakka River is one of the two major rivers in the District that drain
to Charlotte Harbor, and the Myakka is a very highly valued natural resource in the region. The river
is approximately 106 kilometers (66 miles) long and has both freshwater and estuarine reaches.
Minimum flows and levels have been adopted for the freshwater portion of the Myakka River
between Myakka City and State Road 72 (SWFWMD 2005a). Minimum flows for the Lower Myakka
River, or the predominantly tidal portion of the river that lies below the outlet of Lower Myakka Lake,
are proposed in this report. In determining these minimum flows, the District evaluated to what
extent flows in the river can be reduced by withdrawals without causing significant harm to the
downstream ecosystem. The determination of minimum flows for the Lower Myakka River was a
rigorous technical process in which extensive physical, hydrologic, and ecological data were
collected and analyzed.

This chapter provides an overview of how the District applied legislative and water management
directives in the determination of minimum flows for the Lower Myakka River. The rationale of the
District's technical approach is also summarized. Greater details regarding this technical approach,
including data collection programs and analytical methods used to determine the minimum flows,
are provided in subsequent chapters that conclude with the proposed minimum flows for Lower
Myakka River.

1.2 Legislative Directives

As part of the Water Resources Act of 1972, the Florida Legislature mandated that the five water
management districts establish MFLs for surface waters and aquifers within their jurisdictions
(Section 373.042, F.S.). Although this Section has been revised in subsequent years, the definitions
of MFLs that were established in 1972 have remained the same. Minimum flows are defined as “the
minimum flow for a given watercourse shall be the limit at which further withdrawals would be
significantly harmful to the water resources or ecology of the area.” As defined, “the minimum water
level shall be the level of groundwater in an aquifer and the level of surface water at which further
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withdrawals would be significantly harmful to the water resources of the area.” It is generally
interpreted that ecological resources are included in the "water resources of the area" mentioned in
the definition of minimum water level. The establishment of MFLs for flowing watercourses can
incorporate both minimum flows and minimum levels. However, the establishment of MFLs for the
largely estuarine Lower Myakka River involved only a flow component, and the term minimum flows
is used in this report with specific reference to Lower Myakka River.

Section 373.042 F.S. further states that MFLs shall be calculated “using the best information
available. When appropriate, minimum flows and levels may be calculated to reflect seasonal
variations. The Department [of Environmental Protection] and the governing board [of the relevant
water management district] shall also consider, and at their discretion may also provide for, the
protection of non-consumptive uses in the establishment of minimum flows and levels.”

Guidance regarding non-consumptive uses of the water resource to be considered in the
establishment of MFLs is provided in the State Water Resources Implementation Rule (Chapter 62-
40.473, Florida Administrative Code), which states that “consideration shall be given to the
protection of water resources, natural seasonal fluctuations in water flows or levels, and
environmental values associated with coastal, estuarine, aquatic and wetlands ecology, including:

QD Recreation in and on the water;

(2) Fish and wildlife habitats and the passage of fish;

3) Estuarine resources;

4 Transfer of detrital material;

(5) Maintenance of freshwater storage and supply;

(6) Aesthetic and scenic attributes;

@) Filtration and absorption of nutrients and other pollutants;
(8) Sediment loads;

9) Water quality; and

(10)  Navigation.”

Florida Statues further state that "When establishing minimum flows and levels pursuant to 373.042,
the department or governing board shall consider changes and structural alterations to watersheds,
surface waters and aquifers and the effects such changes or alterations have had, and the
constraints such changes or alterations have placed, on the hydrology of the affected watershed,
surface water, or aquifer, provided that nothing in this paragraph shall allow significant harm as
provided by s. 373.042(1) caused by withdrawals” (Section 373.0421(1)(a) F.S.). Inessence, the
District is to evaluate and account for existing structural alterations on a watercourse when
assessing the potential for withdrawals to cause significant harm.

Given this suite of legal directives, the basic function of MFLs remains to ensure that the hydrologic
requirements of natural systems are met and not jeopardized by excessive water withdrawals. In
turn, establishment of MFLs is important for water supply planning and regulation, since it affects
how much water from a water body is available for withdrawal. Because of the central role that
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MFLs play in natural resource protection and water supply management, the methods, data and
analyses on which MFLs are based should be comprehensive and technically sound. For this
reason, it is District practice to have an independent peer review conducted on the draft technical
report upon which a set of proposed MFL rules are based. This process commences upon the
publication a draft report by District staff that provides the technical analyses and justification for the
proposed MFLs. Pending the findings of this peer review, the Governing Board may choose to adopt
the proposed MFLs or pursue further analyses and possible revision of the proposed minimum
flows.

1.3 General Technical Approach for Determining Minimum Flows for the Lower Myakka
River

Recent assessments of MFLs for flowing water courses by the state's water management districts
have emphasized the maintenance of natural flow regimes, which include seasonal variations of low,
medium, and high flows that reflect the climatic and watershed characteristics of a particular stream
or river system (Hupalo et al. 1994, Mattson 2002b, SWFWMD 2005a, SWFWMD 2005b). As
described in the MFL report for the freshwater reach of the Alafia River (SWFWMD 2005b), this
approach endorses the concept that the biotic makeup, structure, and function of an aquatic
ecosystem depends largely on the hydrologic regime that shaped its development (Hill etal. 1991,
Richter etal. 1997, Poff et al. 1997, Instream Flow Council 2002, National Research Council 2005).

Given that protection of a river's flow regime is critical to protecting the biological communities
associated with that system, the District has employed a percent-of-flow method in determining
minimum flows and levels. The percent-of-flow method determines percentage rates that flows can
be reduced without causing significant harm. In both the evaluation and application of the minimum
flows, these percentage limits are applied to daily flow records at or very near the time of withdrawal.
MFLs determined for the freshwater reaches of the Middle Peace, Myakka, Alafia and Upper
Hillsborough rivers which used the percent-of-flow method have all received independent scientific
peer review, which generally supported this technical approach (Cichra 2005, 2007; Shaw et al.
2005).

In coastal areas such as Florida, the management of streamflow must also take into account the
ecological health of downstream estuaries. It has been repeatedly shown that the physicochemical
characteristics and biological structure and productivity of estuaries are also closely linked to
seasonal changes in timing and volume of freshwater inflow (Longley 1994, Drinkwater and Frank
1994, Sklar and Browder 1998, Alber 2002). Based on these findings, the protection of natural
seasonal variations of freshwater inflows to estuaries has been a priority in District scientific,
regulatory, and water supply planning programs for over two decades (Flannery et al. 2002).

Based largely on assessments of the inflow needs of downstream estuaries, the percent-of-flow
method has been applied to the regulation of major water use permits from three unimpounded
rivers in the region (Peace, Alafia and Little Manatee). It either has been or is being used to
determine minimum flows for these three rivers, which will potentially affect all water users from
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those sources. In keeping with these precedents, the percent-of-flow method was used to
determine minimum flows for the Lower Myakka River based on the freshwater inflow requirements
of the natural resources associated with the lower river.

One major exception to the percent-of-flow method for the Lower Myakka was how excess flows in
the river were evaluated. It has been well documented that flows in the upper Myakka River have
increased due to land use changes in the watershed, particularly large increases in agriculture and
crop irrigation (Coastal Environmental 1998, SWFWMD 2005a, and Interflow Engineering 2008b).
These excess flows have in turn increased freshwater inflow to the lower river. As will be discussed
in Chapter 2, an extensive effort using the MIKE SHE continuous simulation water budget model
was conducted to identify the quantities of excess flow the upper river now receives due to land use
changes in the watershed. As discussed in Chapters 7 and 8, the initial flow reduction scenarios
examined by the District was removal of these excess flows to the lower river. Subsequent flow
reduction scenarios then involved removing percentages of the remaining adjusted flows using the
percent-of-flow approach.

The steps that were critical to the determination of minimum flows for the Lower Myakka River are
described in the following chapters of this report. Salinity distributions and biological resources of
concern in the lower river were identified and analytical methods were developed to evaluate how
these characteristics and resources would change if freshwater inflows are reduced. Modeling
scenarios that correspond to removal of the excess flows and a series of percentage flow reductions
were then performed to determine the maximum rate of withdrawal that would not cause significant
harm to the resources of concern.

1.4 Content of Remaining Chapters

The organization of the following chapters is as follows. Chapter Two describes the physical and
hydrologic characteristics of the Lower Myakka River watershed, including major sources of tributary
flow and changes in the flow regime of the river. Chapter Three describes the physical
characteristics of the Lower Myakka River estuary. Chapter Four describes the salinity and water
quality characteristics of the lower river and presents a series of empirical models to predict salinity
distributions as a function of freshwater inflow. Chapter Five discusses a mechanistic hydrodynamic
model of the lower river that was used to assess changes in salinity distributions, while Chapter Six
describes the lower river's biological characteristics. Chapter Seven discusses the District's
approach for determining minimum flows for the lower river, including identification of the ecological
resources of concern and methods by which changes in these resources were assessed. Chapter
Eight presents the findings of modeling scenarios that examine the effects of different flow
reductions and presents the proposed minimum flows for the Lower Myakka River. The report
concludes with the Literature Cited. The Appendices to the report are provided separately as a pdf
file on CD, or may be downloaded along with a pdf of this report from the documents and
publications tab on the District web site - http://www.swfwmd.state.fl.us.
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Chapter 2

Physical and Hydrological Characteristics of the Lower Myakka River Sub-Basin

2.1 Introduction

Located in southwest Florida, the Myakka River flows southerly for 106 kilometers (66 miles)
from Myakka Head to Charlotte Harbor (Figure 2-1). The river's watershed has a drainage area
of approximately 1559 square kilometers (602 square miles), which lies principally in Manatee
and Sarasota Counties with small drainage areas extending into Hardee, Desoto, and Charlotte
counties. Along with the Peace and Caloosahatchee rivers, the Myakka is one of the three
rivers that provide freshwater inflow to the Charlotte Harbor estuarine system, which is
considered to be one of the most pristine and valuable estuaries in Florida. The mouth of the
Myakka River is located approximately 31 kilometers (km) by water from the Gulf of Mexico at
Boca Grande (Figure 2-1).

The Myakka River watershed may be divided into upper and lower river sub-basins at the outlet
of the Lower Myakka Lake. The lower river is tidally affected and brackish over much of its
length, whereas the upper river is non-tidal and fresh. The lower river sub-basin is larger than
the upper river sub-basin, covering 922 km? or about 59 percent of the entire river watershed
(Figure 2-1).

This chapter focuses on the physical and hydrological characteristics of the Lower Myakka River
sub-basin. A companion document, “Proposed Minimum Flows and Levels for the Upper
Segment of the Myakka River, from Myakka City to SR 72" (SWFWMD 2005a), presents
detailed information on the Upper Myakka River sub-basin. Some basin-wide information for
the Myakka River watershed discussed below is taken from that report.

2.1.1. Designations

Significant regions of the coastal watershed and shoreline of the Lower Myakka River are
owned and managed for natural resource conservation by the State of Florida, the Southwest
Florida Water Management District, Sarasota County, or private organizations. The Myakka
River in Sarasota County has been designated a Wild and Scenic River by the State of Florida.
Waters of the Lower Myakka River, including its estuarine portions, are Class Il and Il Waters of
the State and have been designated an Outstanding Florida Water by the Florida Department of
Environmental Protection (FDEP). The lower Myakka River is also part of the Gasparilla Sound-
Charlotte Harbor Aquatic Preserve. All of the Myakka River and its watershed are designated
as part of the Charlotte Harbor National Estuary Program.
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Figure 2-1. Map of Charlotte Harbor showing the location of the Myakka River watershed
and upper and lower river sub-basins.
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2.2 Climate and Physical Characteristics of the Myakka River Watershed
2.2.1. Climate

The climate of west-central Florida is described as humid subtropical. Mean annual air
temperature within Sarasota County is 73 degrees Fahrenheit, with a mean daily temperature
range of 84° F in summer to 61° F in winter (SWFWMD 2004). Along the coast, temperatures
are slightly higher in winter and lower in summer due to the moderating effect of the Gulf of
Mexico. The average annual rainfall, based on a number of rainfall stations in the area, is
approximately 53 inches. Approximately 60 percent of annual precipitation falls during the
months of June, July, August and September and is caused by convective storms that move
across the area (Figure 2-2). Periods of very heavy rainfall associated with the passage of
tropical low pressure systems may occur during the summer and early fall. Lowest rainfall
occurs during the month of November with another seasonal low typically occurring in April.

Period of Record (1895-2003) Mean Montly Rainfall
Florida - Division 4
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Figure 2-2. Mean monthly rainfall for the Myakka River watershed (Florida —
Division 4) for 1895 — 2003.

2.2.2. Physiography

The Myakka River watershed lies within three subdivisions of the central or mid-peninsular
physiographic zone of Florida, predominantly the Gulf Coastal Lowlands with the upper portion
of the river within the DeSoto Plain and a small part of the headwaters in the Polk Upland unit
(White 1958). The Gulf Coastal Lowlands are characterized by flat topography with elevations
generally below 40 feet and sandy, shelly, and silty sand soils with little organic matter. The
DeSoto Plain consists of generally white sandy soils at elevations from 40 to 100 feet. The
maximum watershed elevation is 116 feet above the National Geodetic Vertical Datum of 1929
(NGVD) in the northeastern part of the basin where terraces have eroded into rolling hills. The
southwestern part of the basin is less than 20 feet above NGVD and has little local relief.
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2.2.3 Hydrogeology

The Myakka River watershed is located within the Southern West-Central Florida Ground-Water
Basin, one of three distinct ground-water basins within west-central Florida (SWFWMD 1993).
No significant ground-water flow crosses the basin boundaries; hence, all surficial ground water
is derived from recharge by rainfall within the basin. Upper Floridan aquifer flow in the basin is
derived primarily from rainfall recharge that occurs outside the Myakka River watershed in the
Lake Wales Ridge area to the east and on a limited basis from the Green Swamp. Down-
gradient of these areas, ground-water flows west and southwest toward and into the Gulf of
Mexico.

Within the basin, the ground-water system is divided into three main aquifers: the surficial, the
intermediate and the Floridan. Each aquifer is separated by a confining layer of variable
thickness and areal extent. The uppermost aquifer, the surficial, is largely undeveloped due to
its small thickness and low permeability, except near the coast and in Charlotte County where
ground water from deeper aquifers is too mineralized for potable use. The surficial aquifer
occurs in the undifferentiated sands that overlie the watershed and generally varies from less
than 25 feet in the southern areas to more than 50 feet in thickness in the northeastern areas of
Manatee County. These sands yield limited quantities of water, primarily used for lawn
irrigation, and are economically mined for their silica and shell hash content.

Underlying the surficial aquifer is the intermediate or secondary artesian aquifer system, which
occurs in the Hawthorn Group. The intermediate aquifer system is a moderately prolific but
highly developed source of water, and is widely used for domestic and public supplies south of
Polk County. Within the basin, the intermediate aquifer averages 700 feet in thickness in
southern Charlotte County, but thins toward the north. Within the Myakka River watershed, the
intermediate aquifer varies in thickness from less than 200 feet, to more than 350 feet. The
upper Hawthorn consists of a green sand and clay containing black phosphate grains. This
upper unit is sometimes included with the Bone Valley member and targeted for open pit
phosphate mining. The lower Hawthorn is yellow to white sand, clay, and limestone residual
from carbonate rock. The fine sand is quartz with black or brown phosphate. Lenses of pure
limestone, clay and sand exist throughout the formation and domestic water well production
occurs from the porous limestone layers.

The lowermost and most productive aquifer is the Floridan aquifer system. The Floridan aquifer
is the primary artesian aquifer throughout Florida and much of the southeastern United States.
It consists of two transmissive zones, the Upper Floridan and lower Floridan aquifer, which are
separated by the middle confining unit. This aquifer consists of a thick sequence of sedimentary
rocks of Eocene to Miocene age. These chemically precipitated deposits of limestone and
dolomite contain shells and shell fragments of marine origin, which accumulated throughout the
Tertiary period. The Floridan aquifer system thickens from approximately 1,200 feet in the
northern areas of the watershed to more than 1,800 feet to the south. Generally, water quality in
the Upper Floridan aquifer is good but tends to deteriorate due to increasing mineralization as
ground water moves south and toward the coast. The Upper Floridan is the major source of
water for agriculture, industry and public supply, except in southern DeSoto and Charlotte
counties and the coastal areas of Manatee and Sarasota counties where water quality is
relatively poor.
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2.2.4 Land Use in the Myakka River Watershed
(Adapted from SWFWMD [2005a], which may be consulted for methods and additional details.)

It is informative to discuss the entire Myakka River watershed to get an appreciation of the
major land uses/covers and the changes that have occurred during the 30 plus years for which
land use data are available. A list of major land use/covers from 1972 and 1999 is given in
Table 2-1 and a land use/cover map for 1999 for the Lower Myakka River sub-basin is shown in
Figure 2-3.

Table 2-1. Land use and land cover percentages in the Myakka River watershed for three time
periods: 1972, 1990, and 1999.

1972 1990 1999
Urban 7.8 13.4 14.2
Citrus 0.8 1.0 1.7
Other Agriculture 25.8 25.5 25.6
Uplands 53.0 36.2 34.0
Wetlands 10.5 21.5 21.0
Water 0 0.2 0.6
Mines 2.0 2.3 2.8

These data indicate there has been a substantial decrease in uplands and an increase in
wetlands from 1972 to 1999. However, these apparent changes may be partly due to
differences in how the land covers were categorized between periods. Still, relatively large
decreases in uplands have occurred in some sub-basins in the watershed. It is helpful when
interpreting these trends to view the sum of the wetlands and uplands as natural area, and the
changes in this total as a measure of conversion to some other more intensive land use (e.qg,
agriculture, mining, urban).

Based on the 1999 data, a significant amount of the watershed remains in fairly natural land
cover, as uplands and wetlands together comprise approximately 55 percent of the watershed
area. On a percentage basis, considerably more of Myakka River watershed remains in a
relatively undisturbed state compared to either the Alafia or Peace River watersheds, where the
combined acreages of uplands and wetlands are 32 percent and 20 percent of the total
watershed area, respectively (SWFWMD 2005b, 2005c).
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Figure 2-3. Land cover / land use in the Myakka River watershed downstream
of Myakka River State Park.
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Fourteen percent of the Myakka River watershed was in urban land use as of 1999. Of all the
major land use categories, the amount of land converted to urban uses has shown the single
greatest increase, with most of this increase occurring in the southern part of the watershed
which drains most directly to the lower Myakka River. Only a small portion (0.6 percent) of the
Myakka watershed has been mined.

Agriculture represents a major land use in the Myakka River watershed (27 percent). Table 2-1
indicates there has been very little change in the total area of agricultural land use from 1972 to
1999, with citrus showing the greatest change from 0.8 to 1.7 percent. However, several
agricultural land use types were combined in the other agriculture category for the change
analysis. As a result, changes in land use reported for 1972-1999 may not reflect shifts which
have occurred from less intensive types of agriculture to those requiring greater amount of
irrigation. For example, the conversion of pastureland to row crops would not be shown as a
change in total agricultural lands, but such a conversion could result in greater quantities of
irrigation.

As discussed later in this chapter, several lines of evidence indicate that considerable quantities
of excess water are now discharged from agricultural lands to the Myakka River due to
conversion of agricultural lands that required small amounts of irrigation to agricultural land uses
that require greater water use.

2.3. Hydrographic Characteristics of the Lower River Sub-Basin

The hydrographic characteristics of the Myakka River watershed differ considerably between
the upper and lower river sub-basins. The river in the upper sub-basin contains two large,
shallow, instream lakes (Figure 2-4). The most downstream lake was formed by a man-made
sill which creates the Lower Myakka Lake at the southern end of Myakka River State Park. The
Lower Myakka River sub-basin begins at the outlet from the lower lake. There are no similar
backwater lakes between the outlet and the mouth of the river.

Whereas the Myakka River is situated centrally within the upper river sub-basin, the lower river
runs close by the western boundary of the lower sub-basin, with tributaries extending to the
northeast (Figure 2-4). The hydrographic characteristics of major tributaries in the lower river
sub-basin are described in the following section. The soils, land uses, and surface water
features of the lands east and west of the lower river differ considerably and are summarized
separately.
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2.3.1 Drainage West of the Lower River

The watershed west of the river channel and downstream of Myakka River State Park is
relatively narrow. A majority of soils west of the river are shallow, poorly drained, and overlay
alkaline material or organic hardpan. Upland forest, rangeland and agriculture are the primary
land covers and uses in Sarasota County, and each supports low to moderate amounts of
isolated freshwater marsh. In lands draining from the west in Charlotte County are largely in
suburban development.

No major tributaries presently enter the Lower Myakka River from the west. However, the
drainage characteristics of the watershed west of the river have been altered considerably from
what were predevelopment conditions. Two major drainage projects, the modification of
Cowpen Slough and construction of the Blackburn Canal, have changed the quantity of
freshwater flow reaching the Lower Myakka River. The physical nature of these modifications
are summarized below.

Modification of Cowpen Slough

Historical surveys of Sarasota County show a large wetland system known as Cowpen Slough
flowed from north to south, eventually turning east to join the Lower Myakka River near Rocky
Ford (Figure 2-5). A smaller, adjacent drainage basin for Salt and Shakett Creeks flowed to
Dona Bay to the west. Between 1916 and 1920, a drainage ditch was excavated through
Cowpen Slough to connect it to Salt Creek, presumably for mosquito control and pasture
conversion (Kimley-Horn Associates and others [KHA et al. 2007). As a result, runoff that used
to flow toward the Myakka River was diverted to Salt Creek, which in turn flows to Shakett
Creek and finally Dona Bay.

The drainage area diverted from the Myakka River watershed to Dona Bay covered
approximately 152 km? (KHA et al. 2007), equal to about 10 percent of the current watershed
area of the entire Myakka River. In later decades, a series of channels were excavated to
improve drainage in this re-routed basin. Around 1950, a 12 km channel was excavated along
the lower reaches of Cowpen Slough by a group of nine ranchers with technical assistance from
the Soil Conservation Service (KHA et al. 2007). As part of a multi-agency watershed
improvement plan in the early 1960s, the Cowpen Slough Canal was excavated through
Cowpen Slough to connect it directly to Shakett Creek (KHA et al. 2007, SWFWMD 2009). This
canal had three flood control structures, though the uppermost structure failed in 1967 and it
has since been bypassed by a gully. The lowermost structure serves as a salt barrier that
separates the freshwater and tidal portions of Shakett Creek, near where it flows into Dona Bay.

As a result of these modifications, Dona Bay receives much more freshwater flow than in
predevelopment conditions. The District has established minimum flows for the Cowpen
Slough/Shakett Creek system (SWFWMD 2009). The minimum flow analysis for Cowpen
Slough concluded that increased freshwater flow to Dona Bay has resulted in impacts to the
bay, including decreased seagrass coverage and increased oyster mortality. The goal of the
Cowpen Slough minimum flows was therefore to return freshwater flows to Dona Bay to a more
historical condition, similar to that prior to the major re-routing and channelization of Cowpen
Slough.
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Figure 2-5. Historical watershed boundaries of Dona Bay (yellow) and the Myakka

To accomplish this goal, a HSPF surface water model (Hydrologic Simulation Program -
FORTRAN) was developed for the Dona Bay watershed by Intera Inc. (2007). The HSPF model
was used to simulate runoff to the bay given the current land use and hydrographic
characteristics of the Cowpen Slough basin.
historical baseline flow condition, land use data taken from 1948 aerial photography were
entered into the model along the watershed delineations of the Cowpen Slough and Salt
Creek/Shakett Creek systems adjusted to its historic boundaries. Using rainfall data for a 21-
year period from 1985-2005, runoff to Dona Bay was then simulated for two conditions; the
basin under current conditions and the basin under historical baseline conditions.

River (green) in the area of Sarasota County taken from the 1847 survey of
the region.

In addition, in order to approximate a more

Comparison
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of these simulations was then used to estimate the quantity of excess flow that Dona Bay
receives due to land use changes and modifications of its drainage basin.

Conceivably, much of the excess water that now flows to Dona Bay flowed to the Myakka River.
Since the watershed area that was diverted from the Myakka was near ten percent of the entire
river watershed, it can be assumed that the flows that were lost from the Lower Myakka were
significant.

Blackburn Canal

Another alteration to the lower river's surface water hydrology was the construction of the
Blackburn Canal, which intersects the lower river at km 32.3 near the I-75 bridge (Figure 2-4).
Completed in 1959 for the purpose of relieving flooding in rangelands near the river, the canal
extends west to connect the Myakka River to Curry Creek and Roberts Bay. Roberts Bay is
located adjacent to Dona Bay, and these bays are often referred to collectively as Dona/Roberts
Bay.

The Blackburn Canal was excavated at or below sea level and water levels in the canal
fluctuate with tides (DeLeuw et al. 1959). It had been suggested that flows in the canal can flow
either toward, or away from, the Myakka River depending on local rainfall patterns and
differences in tidal water levels in Roberts Bay and the Lower Myakka River. = However, as
discussed in greater detail in Section 2.4.1.1, streamflow data collected in the Blackburn Canal
since 2004 show that water primarily flows from the Myakka River toward Robert’'s Bay,
although brief periods of flow toward the Myakka periodically occur. As a result, similar to the
effect of the Cowpen Slough modification, the Blackburn Canal has principally resulted in
reduced flows in the Lower Myakka River and increased flows to Dona/Roberts Bay.

2.3.2 Drainage East of the Lower River

The watershed east of the Lower Myakka River and south of the state park is comprised of a
large expanse of uplands, wetlands and drainage channels. The largest drainage networks,
Deer Prairie Slough, Warm Mineral Springs/Salt Creek, and Big Slough/Myakkahatchee Creek,
flow southwesterly to the river (Figure 2-4). Soils in the eastern drainage are similar to soils
west of the river, but also include shallow, poorly to very poorly drained wetland soils over
alkaline material. In Sarasota County outside of the City of North Port, freshwater marshes,
upland forest, rangeland and agriculture are the primary land covers and uses, as considerable
lands are managed for conservation as the T. Mabry Carlton, Jr. Reserve. Within the reserve,
agricultural and range lands are fallow. Interior wetlands are divided from the river channel by
upland forest, principally pine flatwoods. In Charlotte County, eastern lands are largely
developed or are currently being developed for suburban land use.
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Deer Prairie Creek
(Adapted from Kimley-Horn and Associates, 2006)

The Deer Prairie watershed heads in Manatee County and trends southwesterly toward the river.
The watershed contains 97 km?* with most (66 percent) of the area lying in Sarasota County and
86 percent of the area in both counties in public ownership. The watershed is one of Sarasota
County’s and southwest Florida’s most natural. The largest alteration is a manmade dam that
was built in the 1950s at a location 1.7 km upstream of the creek’'s confluence with the Myakka
River. The dam has a crest elevation of 1.0 m and impounds about 3.4 hectares (8.3 acres) of
surface water.

Warm Mineral Springs

Warm Mineral Springs is located east of the river and north of U.S. Hwy 41 (Figure 2-4). The
spring discharges over a limestone dam to tidal waters of Salt Creek. Salt Creek is approximately
three kilometers long and flows southwesterly through urbanized land to enter the river near river
kilometer 17. Its discharge from the deep boulder zone of the Floridan aquifer is highly
mineralized and sulfurous, with temperatures ranging from 29-32° C. Discharge measured
irregularly over a period from the 1940s to the 1970s averaged 10 cfs (Rosenau et al. 1977). The
spring is recognized as an important archaeological site and is presently used for commercial
recreation (Champion and Starks 2001). Salt Creek meanders through residential lands and salt
marshes and is regarded as a primary warm water refuge for the threatened manatee, Trichechus
manatus latirostris, as well as Sarasota County’s single most-important year-round manatee area
(Gorzelany 2003).

Big Slough/Myakkahatchee Creek

Big Slough is the name given to an interior wetland system that ran southwesterly approximately
34 km as a meandering stream system, entering the Myakka River about 15 kilometers upstream
of the river mouth. The Big Slough watershed contains 530 km? or about a third of the entire
Myakka River watershed. Named tributaries in its upper reach include Wildcat, Bud, and Mud
Lake Sloughs. Farmland drainage projects and development of North Port and Port Charlotte led
to successive drainage, channelization, and impoundment modifications to the system. Big
Slough is now largely a channelized system, which is now referred to as Myakkahatchee Creek in
its lower reaches.

Myakkahatchee Creek is used for potable water supply by the City of North Port Utilities at a site
near US 41, located 4.1 kilometers upstream of the creek’s confluence with the Myakka River
(Figure 2-4). A concrete water control structure (WCS 101) located just downstream of the City’s
water supply intake separates the freshwater and tidal portions of Big Slough/Myakkahatchee
Creek. About 0.5 kilometers below WCS 101 the Myakkahatchee Creek receives flow from the
Cocoplum Waterway, which is comprised of a series of canals that drain highly urbanized lands in
the North Port area. A similar water control structure (WCS 106) located near the mouth of the
Cocoplum Waterway separates fresh and tidal waters in that channel. The effective catchment
area above WCS 106 has not been determined. The tidal reach of Myakkahatchee Creek
downstream of U.S. 41 is a box-cut channel with spoils, with remnants of meanders and oxbows.
Based on early soil surveys, the stream south of U.S. Hwy 41 was tidally influenced.

2-12
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The City of North Port water supply facility is the only permitted surface water withdrawal in the
Myakka River watershed. The City maintains intake pipes on both the Myakkahatchee Creek
and the Cocoplum waterway, but the Myakkahatchee is the primary water source with the
Cocoplum used only as a back-up source. The City's facility is linked to the water supply
system of the Peace River Manasota Regional Water Supply Authority (PRMRWSA), and the
City can receive treated potable water from the PRMRWSA or transfer treated water to it.
During times of low flow, the City discontinues withdrawals from the Myakkahatchee Creek due
to high sulfates in the creek and receives treated water from the PRMRWSA.

The City's water use permit was renewed by the Southwest Florida Water Management District
in July 2006 for a period of ten years. By the conditions of this permit, the City's withdrawals
from Myakkahatchee Creek cannot exceed an annual average withdrawal rate of 4.4 million
gallons per day (mgd) and a peak month average rate of 6.6 mgd, which are equivalent to flow
rates of 6.8 cubic feet per second (cfs) and 10.2 cfs, respectively. In order to protect the low
freshwater flows to the creek below WCS 101, the 2006 permit renewal required that maximum
daily withdrawal rates be linked to the rate of flow in the creek. Daily withdrawals cannot
exceed 2.08 mgd (3.2 cfs) when flows at WCS 101 are less than 10 cfs, 4 mgd (6.2 cfs) when
flows at WCS 101 are between 10 cfs and 30 cfs, and 6 mgd (9.3 cfs) when flows are greater
than 30 cfs. The City uses a relationship of relationship of water levels in the creek to flows at
WCS 101 established by Boyle Engineering (2003).

2.4. Streamflow Characteristics of the Lower Myakka River

A critical part of the determination of minimum flows for any river or estuary is an evaluation of
the flow regime of that system. Such evaluations typically involve quantifying the timing and
volume of freshwater inflows at various locations in the watercourse. In most cases, these
evaluations are based on long-term gaged streamflow records, although hydrologic modeling
may be necessary where gaged records do not cover long periods of time or account for only a
small proportion of the watershed.

Where possible, it is the practice of the SWFWMD to evaluate trends in daily flow records to see
if any components of a stream or estuary's flow regime have changed due to climatic or
anthropogenic influences. Based on such assessments, a baseline period is chosen to evaluate
the effects of potential new withdrawals on the flow regime and ecology of a river or estuary. If
evidence indicates that previous water use or other anthropogenic effects have altered the flow
regime of a stream or estuary, those effects are taken into account in the selection of or
numerical adjustment of the baseline period.

Data from the gaged streams that contribute flow to the Lower Myakka River are summarized
below, including typical seasonal variations of streamflow. Where gaged streamflow records
are long enough to be meaningful, trends in flow are examined and compared to trends in
seasonal rainfall. As will be discussed, a number of lines of evidence indicate that flows to the
Lower Myakka River have increased due to changes in land and water use in the upper river
sub-basin.
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Modeled and estimated flows from ungaged areas in the lower river sub-basin are also
described. Because accurate long-term hydrologic records are not available to assess possible
changes in ungaged flows, these estimates were not used to determine or adjust the baseline
flow regime for the lower river. Ungaged flows, however, are a major component of the inflow
regime of the Lower Myakka River, and ungaged flow estimates were used to calibrate and
construct a hydrodynamic salt-transport model of the lower river.

2.4.1 Gaged Inflows

Compared to other rivers in the region, a comparatively small proportion of the Myakka River
watershed is gaged for streamflow. Until recently, approximately 52% of the watershed area of
the Myakka River was gaged for flow. New gages installed by the USGS and Sarasota County
since 2005 have increased the percent area gaged to at least 61 % of the river watershed.

The sources of gaged flow data for the Lower Myakka River are described below. In some
cases, the recent gages were installed too late to be effectively used in the minimum flows
analysis. However, these sites are described below as they can be used to assess freshwater
inflows to the lower river in future analyses.

The drainage areas, periods of record, and mean flows from 14 gaged sites that contribute flow
to the Lower Myakka River are listed in Table 2-2, including sites that are currently active and
sites that have been discontinued. Sites measured by either the USGS or Sarasota County are
included in the discussion.

2.4.1.1 Currently Active Streamflow Gages
Myakka River near Sarasota

The USGS gage Myakka River near Sarasota is the principal source of long-term freshwater
inflow data for the lower river. The gage is located at State Road 72 between the Upper and
Lower Myakka Lakes in the upper-river sub-basin (Figure 2-4). It measures flow from 593 km?
(229 mi®) or 38 percent of the entire Myakka River watershed. Daily flow records begin in
August 1936 and continue to present. The average flow for this site is 256 cfs, equivalent to
15.2 inches of runoff per year over its drainage basin (Table 2-2). This is a relatively high runoff
rate for streams in west central Florida. By comparison, average runoff rates for Horse Creek
near Arcadia is 11.8 inches/year, while the Peace River at Arcadia is 10.6 inches/year.
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Table 2-2.

Drainage areas, periods of record, and summary statistics for active and

discontinued USGS streamflow gaging sites in the Lower Myakka River watershed.
Mean and median values calculated for data from the beginning of record through

September 2007 at each site.

Mean and median flow values reported for the

Blackburn Canal are for flows away from the Myakka River to Curry Creek.
Information also listed for four active stream gages operated by Sarasota County.

Gage Gage Drainage Period of Record Mean Median
Number area Flow Flow
Units (Km?) (cfs) (cfs)
Active USGS Gages
Myakka River nr.
Aug. 1 — t
Sarasota, FL 02298830 593 ug. 1936 — presen 256 80
Myakka River Control Not calculated due
Oct. 2007 — t
nr. Laurel 02298830 655 ¢ presen to limited data
Big Slough Canal 95
nr. Myakka City, FL 02299410 Oct. 1980 — present 40 6
Big Slough Canal
J 2001 — t
at Tropicaire Blvd. 02299450 210 une presen 88 14
Blackburn Canal
nr. Venice 02299692 n/a March 2004 - present 29 7
Big Slough Canal at Not calculated due
222 ly 2007 -
West Price Blvd. 02299472 July 2007 - present to limited data
Cocoplum Waterway . Not calculated due
ly 2007 -
At North Port, FL. 02200482 | Undetermined | July 2007 -present |, o v data

Discontinued USGS Gages

Deer Prairie Slough nr. 02299160 86 . 23 3
North Port Charlotte April 81 — Sep. 92
Deer Prairie Slough at
229912 7
Power Line nr. N. Port 02299120 83 Oct. 93 — Jan. 03 3 3
Deer Prairie Slough nr. )
. 02299060 | undetermined 9 0.3
Myakka City, FL Oct. 93 — Jan. 03
Tributary to Myakka
River nr. Venice, FL 02298928 0-5 Oct. 93 — March 03 12 03
Active Sarasota County Gages
Myakka River at Not calculated due
y MY-1 736 July 2006 to present o
Interstate 75 to limited data
Myakka Ri t Not calculated d
yarka River MY-2 721 April 2005 to present | | Cooated due
Border Road to limited data
Curry Creek near Capri Not calculated due
y b CUR-2 undetermined | April 2005 to present o
Isle to limited data
Tributary to Myakka
yto My MS-6 05 1999 to present 10 0.1

River (same as USGS)
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Despite this comparatively high average rate of yearly runoff, the Myakka River has frequent
periods of very low flow. A cumulative distribution function of daily stream flow in the Myakka is
shown in Figure 2-6. The maximum daily flow rate of 10,800 cfs was recorded in June 2003,
while the median flow rate is 80 cfs. Based on the long-term record, flows were less than 1 cfs
occurred approximately 10 percent of the time. However, as discussed later in this chapter, the
low flows in the river have increased significantly since the late-1970s.

Myakka River near Sarasota 1936-2007
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Figure 2-6. Cumulative distribution function of daily flows for the Myakka River near
Sarasota. A maximum value of 10,800 cfs was set to 10,000 cfs and values
of 0 cfs were set to 0.01 cfs for plotting purposes.

A bar graph of average monthly flows at the Myakka River near Sarasota gage is shown in
Figure 2-7, while the percent of yearly rainfall and streamflow that occurs at this site is shown in
Figure 2-8. Streamflow shows a lagged response to seasonal changes in rainfall.  Although
rainfall totals are fairly similar from June through September, monthly streamflow peaks near the
end of the summer wet season as soils become saturated and storage in wetlands and
depressions is filled. High streamflow often persists into October, even though rainfall totals fall
considerably during that month.

Low flows typically occur during a winter-spring dry season that extends from November until
mid-June. A minor peak in dry-season flow often occurs in March due to the passing of cold
fronts that bring sustained rains. Flows then sharply decline in the spring as air temperatures
and evapotranspiration rates increase, resulting in dry soil conditions and low groundwater
levels.
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Figure 2-7. Average monthly flows for the USGS Myakka River near Sarasota gage
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Figure 2-8. Average values for percentages of yearly rainfall and streamflow that occur
each month. Rainfall data are from the Myakka River State Park National Weather
Service station; streamflow data are from the USGS Myakka River near Sarasota
gage.



DRAFT August 24, 2010

Depending on when the summer rains begin, low flows can persist into June with the lowest
daily flow rates of the year often occurring in late May or early June. This seasonal streamflow
pattern is also illustrated in Figure 2-9, in which the 10", 50" (median), and 90" percentile flows
for each day of the year are plotted. The decline of streamflow in the spring and the initiation of
the summer wet season in mid-June is apparent. Although this is the typical seasonal pattern
for the Myakka River, notable exceptions sometimes occur. In particular, a strong El Nino
climatic cycle during the winter of 1997-1998 caused flows to be the highest during November
1997 through March 1998 of those two years.

MYAKKA RIVER NEAR SARASOTA
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Figure 2-9. Time series plot of the 10th, 50th, and 90th percentile flows calculated for
each day of the year for the Myakka River near the Sarasota gage.

Due largely to its watershed characteristics, differences in wet and dry season flows in the
Myakka River are among the highest in west-central Florida (Estevez et al. 1991). Natural
groundwater flow to the river is usually very low, as the streamflow records from earlier decades
(1940s-1960s) had many days of zero flow at the Myakka River near Sarasota gage (discussed
further in Section 2.4.2.2). Conversely, runoff rates in the wet season are very high, due to high
surficial aquifer levels and many shallow wetlands in the watershed that readily transmit water
when their depressional storage is filled.
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This variation in seasonal flows is reflected in the large differences between the mean and
median flows for the Myakka River near Sarasota gage, as the mean value (256 cfs) is greater
than the median value (80 cfs) by over a factor of three (Table 2-2). The mean is heavily
influenced by high flow volumes in the summer, whereas the magnitude of high flows does not
affect the median statistic. Differences between mean and median flows are even greater of the
smaller gages listed in Table 2-2 (Big Slough, Deer Prairie Slough). Baseflow rates are very
low for these small sub-basins, but large quantities of water can be transmitted from these sub-
basins in the wet season.

Myakka River at Control near Laurel

In October 2007 the USGS installed a stream gage at the Myakka River at Control near Laurel,
Florida (# 02298900), located in the lower river about 45.8 kilometers above the river mouth
(see Figure 2-11 on page 2-21). Water level data at this site show that tidal variations are
minor and an acoustic velocity meter technique is used by the USGS to compute flow. The
increase in watershed area represented by this gage compared to the long-term gage near
Sarasota is only about 10%, but the Laurel gage is below the Lower Myakka Lake, so it
captures the hydraulic effect of the lake on flow to the lower river. Daily mean discharge values
for the Myakka River near Laurel are available from March 2008 to present, though final
approved values were only available through September 30, 2009 when this report was
prepared.

A time series graph of flows at the Myakka River near Sarasota and the Myakka River near
Laurel sites is shown in Figure 2-10 for the nineteen-month period for which approved flow data
near Laurel were available. The flow values closely agree, but the flows at the downstream site
were lower during the spring and early summer of 2008. Caution should be used to not over-
interpret these limited data. Continuation of Myakka River near Laurel gage will allow for better
guantification of flows to the lower river in the future.
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Figure 2-10. Time series plot of flows at the Myakka River nr. Sarasota and Myakka River
at control nr. Laurel for the period March 6 through September 30, 2008.
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Sarasota County gages on the main stem near Border Road and Interstate 75

The Sarasota County Water Resources Department has also implemented a program of
measuring water levels and flow at a number of sites in the County. Administered by County
staff, the data collection and reporting is conducted by consultants experienced in hydrologic
data collection, some of whom are retired USGS employees. The County program has
established two gages on the main stem of the river: one at Border Road near kilometer 33.3
and one near Interstate 75 near kilometer 32.1. The Blackburn Canal intersects the river
between these two gages, which may be why they were placed so close together (Figure 2-11).

Streamflow data for the Border Road site begins in April 2005, while data for the site at
Interstate 75 begins in July 2006.  Tidal water level fluctuations are strong at both locations,
requiring the use of an index velocity method that employs Acoustic Doppler Current Profilers.
During periods of very low freshwater inflow, negative (upstream) flows are sometimes reported
at these gages due to the actions of winds and tides. During periods of high freshwater inflow,
consistent downstream flows are reported. These gages provide valuable data for flow in the
river downstream of the long-term gage near Sarasota, although interpretation of the data is
confounded by winds and tides during low flows. Data from these gages were initiated too late
to be of use in the minimum flows analysis, for much of the data for dependent variables
(salinity, biological data) in the estuary were collected before these gages were in operation.
However, continuation of these gages, especially the gage below the Blackburn Canal, could be
important for future assessments of freshwater inflow in the lower river.

Big Slough Canal / Myakkahatchee Creek

The other active gaged sites that contribute flow to the Lower Myakka River are located on the
Big Slough Canal, which is also known as Myakkahatchee Creek (Figures 2-4 and 2-11). Daily
flow records at the USGS Big Slough Canal near Myakka City gage begin during October, 1980.
This site measures flow from an area of 95.5 km? (36.5 mi®). The average flow for the period
1980 - 2007 was 40 cfs, equivalent to 14.9 inches of runoff over the basin. Daily records at the
more recent USGS gage Big Slough at Tropicaire Blvd. site begin in June, 2001. This site
measures flow from 208 km? (81 mi?), or about 90 percent of the entire drainage basin above
the City of North Port's water control structure (WCS 101). The average flow for the 2001
through 2007 at this site was 88 cfs, equal to 14.8 inches of runoff.

Until recently, the sum of the drainage areas at the USGS gages on Big Slough at Tropicaire
Blvd. and the Myakka River near Sarasota represented the total area of the Myakka River
watershed was gaged for flow (803 km?). However, in July 2007 the USGS installed a velocity
index meter in Big Slough Canal at West Price Blvd., which is located downstream of the
Tropicaire gage, about 3.4 km upstream of WCS 101 (Figure 2-11). This new gage includes
flow from the Snover Waterway (which enters Big Slough below the Tropicaire gage), bringing
the total gaged area of Big Slough up to about 222 km?. Combining this gage with the Sarasota
County gage near |-75 brings the total gaged area of the Myakka River watershed to 958 km?,
or 61% of the entire watershed area of the Myakka River. However, this does not include the
area drained by a gage on the Cocoplum Waterway, which is described on following pages.
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Recent USGS and Sarasota County Stream Gages
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Figure 2-11. Location and month and year of beginning of daily streamflow records for
recent gages in the lower river sub-basin operated by the USGS or
Sarasota County. Not shown is County gage MS-6 on a tributary to the
lower river near kilometer 32.
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Daily flow records are now available for the Big Slough West Price Blvd. site dating back to July
2007. The USGS has also installed an index velocity meter on the Cocoplum Waterway just
upstream of WCS 106, with flow data reported back July 2007.  The drainage area of the
Cocoplum Waterway is undetermined, as water from Big Slough can go through the Cocoplum
Waterway depending on water levels in the system and the status of various upstream gates.
Regardless, these new gages have been installed so that better data are available to quantify
the total flow in the Myakkahatchee Creek/Cocoplum system for water supply and natural
resource management purposes.

Water level (stage) records are available for Big Slough at WCS 101, and stage discharge
relations can be used to estimate flows at that site. However, operation of the gates on WCS
101 affect stage-discharge relationships at the structure, and gate operations records have not
been available to reconstruct long-term flow records at this site. Also, the elevation of tidal
waters downstream of WCS 101 affects head gradients and rates of flow through the gates
when they are open. Acknowledging these limitations, the District requested the City of North
Port develop rating curves for WCS 101 and construct a flow record to the extent practical,
given the status of the poor operations records and lack of water level data below the structure.
The City contracted Boyle Engineering to investigate the development of flow rating curves for
Myakkahatchee Creek and estimate historical flows at WCS 101. Boyle (2003) produced an
estimated daily flow record for WCS back to 1993 from inferred gate operations records, but
stated those values were very approximate due to uncertainly in the gate operations records.

Boyle Engineering did indicate that the gate operations records after February 2003 were more
reliable and put more emphasis on those flow estimates. Subsequent analyses by PBS&J
(2006a) for the period 2002-2005 indicated there was fairly good correlation between the
estimated flows at WCS 101 and flows at the USGS Tropicaire gage when the flow estimates at
WCS 101 were below 50 cfs. However, the agreement between these two terms was poor at
higher rates of flow, due to the poor operation records the gates at WCS 101 during high flows
or the influence of flows to Big Slough downstream of the Tropicaire gage.

The District compared flow estimates reported at WCS 101 after February 2003 with flows
reported by the USGS at the upstream Big Slough Canal gages near Myakka City and
Tropicaire Blvd. The District eliminated outliers from the WCS 101 flow estimates based on
apparent incongruity with upstream flows. Using this edited data set, the District contracted the
firm of HSW Engineering, Inc. (HSW) to develop a piecewise regression between the estimated
flows at WCS and the USGS gage near Myakka City (Appendix 2A). This regression was then
used to predict flows at WCS back to 1980, which is when daily flow records began at the
USGS gage.

Another estimate of flows in Big Slough was generated for the District by the firm of Janicki
Environmental by developing a regression to predict flows at the USGS Tropicaire Blvd gage as
a function of upstream gage near Myakka City (Appendix 2B). Measured data from both gages
for the period 2001 — 2007 were used to develop the regression, which was then used to
generate a record predicted flows at Tropicaire Blvd. back to 1980.
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Estimated flows from Big Slough were included as hydrologic input in the hydrodynamic model
of the Lower Myakka River developed by District staff. Estimated flow terms were also
incorporated as independent variables in separate regression models to predict salinity
distributions in the lower river by Mote Marine Laboratory and the abundance and distribution of
fish and invertebrate populations in the river as function of freshwater inflow (Peebles et al.
2006). The use of the specific estimated flow terms for Big Slough is discussed with each of
these applications later in the report.

Water Use from Myakkahatchee Creek (Big Slough Canal)

Withdrawals from the City of North Port's facility on Myakkahatchee Creek have averaged 1.3
mgd (2.1 cfs) over the most recent five-year period for which complete records are available
(2005 — 2009). These withdrawals are substantially less than the 4.4 mgd (6.8 cfs) annual
average withdrawal that was allocated to the City in the most recent permit renewal, but
expansion of the City's water supply system is anticipated. = As discussed on page 2-13,
withdrawals from Myakkahatchee Creek by the City are now linked to estimated flows in the
creek in order to limit impacts to low flows to the tidal creek below WCS 101. The effects of
withdrawals allowed under the City's renewed permit have been evaluated in monitoring reports
submitted by the City as part of their water use permit (PBS&J 2006a, 2009).

Until recently, the most reliable USGS gaged streamflow values against which to measure the
effects of the City of North Port’s withdrawals were at the USGS Big Slough Canal at Tropicaire
Blvd. gage, where records go back to 2001. Based on data collected between 2004 and 2008,
the median value for percent of flow at the Tropicaire Blvd. gage comprised by actual
withdrawals by the City was 6 percent, while the median value for the maximum possible
withdrawals is 33 percent. The actual withdrawals equaled all of the flow at the Tropicaire gage
9 percent of the time, while the maximum possible withdrawals, had they occurred, would have
consumed all the flow 22 percent of the time. It is reiterated, however, that these are the
maximum possible withdrawals and the City actually often ceases pumping from the creek
during low flows due to water quality concerns. During these times the City receives water from
the Peace River Manasota Regional Water Supply Authority facility on the Peace River.

Equally important, recent data collected at the newer USGS sites in the Myakkahatchee Creek
show that flows at Tropiciare Blvd. represent a fairly small fraction of the total streamflow in
Myakkahatchee Creek system. Hydrographs of daily flows at the Tropicaire gage and the more
recent USGS gages on the Cocoplum Waterway and the Big Slough Canal at West Price Blvd.
are shown in Figure 2-12. Based on 628 days between July 2007 and June 2009 when there
were no missing records at any of the sites, the average flow at the Tropicaire gage (13.9 cfs)
was 71% of the average flow at West Price Blvd. gage (19.4 cfs), and 48% of the average flow
at Cocoplum Waterway gage (28.7 cfs). The average flow at Tropicaire was only 29% of the
average of the combined flow from these other two downstream gages.

The post-2007 flow data at these new sites provide new perspective on the relative effects of
the City of North Port’s withdrawals on flows in Myakkahatchee Creek system. The City is
required to monitor the effects of their withdrawals on salinity distributions and water quality in
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Figure 2-12. Hydrograph of daily flows at the USGS gages Big Slough Canal at Tropicaire
Blvd., Big Slough Canal at West Price Blvd., and the Cocoplum Waterway for
January 2007 — June 2009 (reprinted from PBS&J [2009]).

the creek and present their findings in monitoring reports that are regularly submitted to the
District (PBS&J 2006a, 2009). In the most recent report, PBS&J (2009) presented preliminary
relationships between flows at Tropicaire gage and the other gages in the system, but remarked
that the record after July 2007 when all three of these gages were operating was unusually dry.
They therefore suggested that any predictive regressions between these gages be developed at
a future data after high flows in Myakkahatchee Creek system have occurred.

Blackburn Canal

As described in Section 2.3.1, the Blackburn Canal intersects the Lower Myakka River near
kilometer 32.3 and connects the lower river to Curry Creek, which flows to Dona/Roberts Bay.
The USGS established a streamflow gage on the Blackburn Canal in March, 2004. This gage,
Blackburn Canal near Venice FL (02299692), is located about 1.5 kilometers west of the
Myakka River. An automated Acoustic Doppler Current Profiler is used at this site to measure
flows in the canal every fifteen minutes. Flows from the Myakka River toward Curry Creek are
reported as positive values, while flows from Curry Creek toward the Myakka River are reported
as negative values. Tidally filtered daily residual flows that represent the net movement of water
over a calendar day are also reported by the USGS.

In May 2005 Sarasota County established a similar streamflow gage on Curry Creek, which is
what the Blackburn Canal called as it approaches Roberts Bay (much of the canal was
excavated in the channel of Curry Creek). This site is located approximately 5 kilometers
measured along the creek west of the USGS Blackburn gage. The County site also employs an
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Acoustic Doppler Current Profiler to measure flow in this tidally affected water body. As with the
USGS data, positive values represent flows away from the Myakka River toward Roberts Bay.
At the time of this report, published (approved) daily net residual flow values for the USGS and
County sites on the Blackburn Canal and Curry Creek were available through September 2008.
A time series plot of daily flows from both sites is presented in Figure 2-13. The USGS data
started about 14 months sooner, capturing high flows that occurred in the summer of 2004.
The two gages generally showed the same seasonal patterns after the County site began in
2005, though the USGS site was no operable during a period of high flows in 2006.

At both gages the majority of flows were positive, meaning the Blackburn Canal primarily acts to
divert water from the Myakka River to Curry Creek and Roberts Bay. At the USGS gage,
12.5% of the flow values were negative, while 10.3% of the flow values were negative at the
county gage. Most of the negative values were small ( =5 to 0 cfs), indicating slow, tidally
driven flows toward the river. The average flow for the USGS gage was 24.5 cfs, equal to
11.2% of the flow of the Myakka River near Sarasota on days when data were recorded in the
canal. The average flow for the County gage was 28.1 cfs, equal to 18.7% of the flow of the
Myakka River near Sarasota on days were recorded at the County gage. These results
confirm that the excavation of the Blackburn Canal was a significant hydrologic modification that
primarily acts to divert freshwater inflow from the lower Myakka River estuary.
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Figure 2-13. Time series of all approved data for the USGS gage Blackburn Canal near
Venice, FL and the Sarasota County gage on Curry Creek near Capri Isle.
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In a District funded project, Intera (2007) investigated the relationship of flow in the Blackburn
Canal at the USGS gage to flow in the Myakka River near Sarasota and observed a two-phased
relationship, with an inflection in the relationship between 400 and 500 cfs (Figure 2-14). Below
this inflection, flows in the Blackburn increase slowly with increased flow in the Myakka, as tides
exert a major effect on water levels in the Myakka and resulting flows through the Blackburn
Canal. Above about 400 cfs, flows from the Myakka down the Blackburn increase more quickly,
as water levels in the Myakka becomes high enough to more effectively push water through the
canal.

Blackburn Canal vs. Myakka Daily Flows
Myakka Flows Limited to 2,000 cfs

Blackburn flow (cfs)

Myakka Flow (cfs)

Figure 2-14. Relationship of same-day flows for the USGS streamflow gages at the
Blackburn Canal at Venice FL and the Myakka River near Sarasota FL. Data
limited to days when flows at the Myakka River gage were less than 2,000 cfs.

Intera (2007) developed a piecewise regression to predict flow in the Blackburn Canal as
function of stage at the Myakka River near Sarasota gage. A time series plot of predicted and
observed flows in the canal is presented in Figure 2-15. This relationship was used to predict
flows in the Blackburn Canal prior to the initiation of USGS flow records for the canal in 2004
(Fig. 2-16). These predictions were included as hydrologic input to the District's hydrodynamic
model of the Lower Myakka River for purposes of simulating salinity distributions in years prior
to 2004. Flows in the Blackburn Canal were not included in the regression analyses of salinity
or fish and invertebrate populations, as data from the canal were not available when those
analyses were begun.
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Blackburn Canal Flow Hydrograph
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Figure 2-15. Time series graph of daily flows in the Blackburn Canal reported by the
USGS and flows predicted by the regression, reprinted from Intera (2007).
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Figure 2-16. Time series graph of estimated flows in the Blackburn Canal for 1985
through 2006 predicted by regression along with flows reported by the
USGS from March 2004 though 2006, reprinted from Intera (2007).
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2.4.1.2 Discontinued streamflow gaging sites

A series of gaged streamflow sites on other tributaries that have been operated by the USGS in
the lower river basin in the past are described below, along with limited periodic flow
measurements from Warm Mineral Springs. Water levels either have been or are currently
measured at other sites in the lower river sub-basin, but they are not discussed because
streamflow rating curves have not been developed for those sites.

Deep Prairie Slough

The second largest tributary in the lower river sub-basin for which historic flow records are
available is Deer Prairie Slough, which is also referred to as Deer Prairie Creek. The USGS has
operated three gages in recent decades on Deer Prairie Slough (DPS). Flows were reported
for DPS near North Port Charlotte from April 1981 to September 1992. This gage was located
4.2 miles upstream of the mouth of the slough, and measured flow from 86 km?, or about 88
percent of the entire drainage basin of DPS. Mean flows for this period of record were 22.5 cfs,
equal to 6.8 inches of runoff for the basin.

Streamflow data were collected at a more recent gage, DPS at Power Line near North Port,
from October 1993 through January 2003. This site was located about 2.5 km upstream from
the previous station described above and had a similar catchment area (83 km?). The mean
flow for the period of record was 36.7 cfs, equal to 15.6 inches of runoff for the basin. As
previously discussed, the difference between the mean and median flow for this small sub-basin
is very large (37 cfs vs. 3 cfs), and a bar graph of average monthly flows show vary large
variation between the dry and wet season flows (Figure 2-17).
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Figure 2-17. Average monthly flows for the USGS gage Deer Prairie Slough at Power
Line near North Port, FL for the period 1993-2003.
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The higher runoff rate for the 1993-2003 DPS at Power Line record compared to the earlier
record at DPS near North Port Charlotte was largely due to generally wetter conditions during
the latter period. A third site, DPS near Myakka City, operated for a near identical period
between 1993 and 2003. Though the catchment size for this gage was undetermined, it was
located considerably further upstream and measured less flow, with a mean flow of 9 cfs for the
period of record.

Because the recent gages were discontinued in 2003, flows from DPS were not included in the
predictive empirical models for salinity or fish and invertebrate populations in the lower river
presented later in this report, since those efforts included field data collected through 2004
(Peebles et al. 2006, Chapter 4 of this report). Flows from the DPS, however, were included the
flow records produced by Ross et al. (2005) for the lower river sub-basin for years prior to 2003.
Consideration should be given to reinstituting flow measurements at the Deer Prairie Slough site
in the future.

Tributary to Myakka River near Venice

The USGS operated a gage on a small tributary to the Myakka River just upstream of 1-75
during, which was named Tributary to the Myakka River near Venice FL. The period of record
was very similar to the recent gages on Deer Prairie slough (1993 - March 2003). This site
measured flow from catchment area reported at only 0.5 km?, although this area estimate is very
approximate as the area contributing runoff could increase during periods of heavy rainfall. A
mean flow of 11.6 cfs was reported for the period from 1993-2003. This mean, however,
appears to be heavily influenced by brief periods of high flow, as the median flow was only 0.3
cfs. Daily flow rates in excess of 500 cfs were periodically reported from this gage, indicating
that brief periods of high flow can occur from this small basin during heavy rainfall events.

Sarasota County has maintained a gage on this same tributary since 1997, moving their gage to
the location of the former USGS gage when it was discontinued in 2003. Similar to the USGS
data, flows for the County gage are usually low with brief periods of high flow. Based on data
recorded between January 1997 and September 2008, a mean flow of 9.7 was recorded at the
county gage, but the median flow was practically zero (0.1cfs) with 62 percent of the daily mean
values below 1 cfs. Peak flows at this gage, in the range of 200 to 698 cfs, occurred during
storm events between December and March in the EIl Nino winter of 1997-1998.

Warm Mineral Springs

Flows from Warm Mineral Springs have been measured only sporadically in the past, with no
measurements during the last 30 years. In the Florida Bureau of Geology report Springs of
Florida, Rousenau et al. (1977) lists flow rates measured on ten dates between 1942 and 1974.
Flows from the spring were very stable, averaging 9.7 cfs, with nine of the measured flow rates
ranging between 9.0 and 11.2 cfs. Though recent flow rates are not available, visual evidence
indicates that Warm Mineral Springs continues to flow. As with Deer Prairie Slough, the
initiation of flow measurements from Warm Mineral Springs should be considered for the future,
as it likely contributes a significant proportion of inflow to the lower river during the dry season.
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2.4.2 Trend analyses of rainfall and gaged flows

Trend analyses of rainfall and gaged flow records from long-term sites were examined to determine
if flows to the Lower Myakka River have changed significantly over time. Trends in streamflow
that are not accompanied by similar changes in rainfall can be evidence of anthropogenic effects
on flow. In addition to the complete daily flow record, trends were examined on various flow
statistics to discern if any components of the river's flow regime have changed.

The District has identified three seasonal blocks for the assessment of minimum flows on rivers in
the District (SWFWMD 2005a, 2005b, 2005c). These blocks are based on typical seasonal
variations of daily flows at long-term streamflow gages in the region, and are assigned to a spring
dry season (Block 1), a fall and winter medium flow period (Block 2), and the summer wet season
(Block 3). Median flows calculated for each day of the year at the Myakka River near Sarasota
gage were presented in Figure 2-8 (page 2-18), along with daily 10™ and 90™ percentile flows at
that site. Based on this typical seasonal variation of flows at the Myakka River near Sarasota, the
ranges of dates initialed selected for the assessment of minimum flows for the Lower Myakka River
are as listed below. Trends in rainfall and flows were examined for these seasonal blocks in
addition to annual data. However, as described in Chapter 7, the beginning of Block 1 was moved
to March 1 for the estuarine modeling to account for the effects of preceding flows in the spring.

Block 1 - April 20 to June 20,
Block 2 - October 28 — April 19,
Block 3 - June 21 — October 27

2.4.2.1 Rainfall

There are a number of active rainfall stations in southwest Florida in or near the Myakka River
watershed, but the only site in the watershed with records that extend back to the 1940s is the
National Weather Service (NWS) rainfall station at the Myakka River State Park, located near the
Upper Myakka Lake. Because of its length of record and its central location in the watershed, the
analysis of long-term rainfall trends for the Myakka River watershed was restricted to that site.

The mean annual rainfall for the period of complete years from 1944-2006 is 56.3 inches. Yearly
rainfall totals have ranged from 32 inches in 1989 to 78 inches in 1959 (Figure 2-18). Another time
series of yearly rainfall is portrayed in Figure 2-19, where the yearly deviations from the average
yearly rainfall value is plotted along with the moving three-year average rainfall. Although some
substantial inter-annual variations in yearly rainfall have occurred, a Kendall Tau trend test
indicates there has been no overall trend in yearly rainfall totals over the period of record.

However, results presented by Interflow (2008a) for this station and the Ft. Green NWS rainfall
station indicate that climate cycles associated with the Atlantic Multi-decadal Oscillation (AMO) that
was discussed by Kelly (2004) and SWFWMD (2005a), resulted in generally higher rainfall
amounts prior to 1960 and after 1992, with a generally dry period between during 1960 - 1992.
Interflow also points out the rainfall totals at the state park site differed from some other nearby
stations in the mid-1980s, and suggests that caution be used in interpreting data for the state park
site. Regardless, hydrographs for the Myakka River State Park site are shown in Figures 2-18 and
2-19 to give some idea of long-term variation in rainfall the upper river sub-basin watershed.
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Myakka River Rainfall

Rainfall Annual Rainfall at Myakka River State Park Rainfall
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Figure 2-18. Time series of yearly rainfall totals for the Myakka River State Park
station for 1944 - 2006.
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Figure 2-19. Time series of three-year moving average rainfall and deviation
from average for yearly values for the Myakka River State Park site.
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Time series plots of yearly rainfall totals within the three seasonal blocks at the State park site
are presented in Figures 2-20 A-C (each value for block 2 spans two years; for example fall
1992 — winter 1993). The graphs indicate there have been no long-term trends in rainfall for any
of the seasonal blocks, which is supported by trend tests which showed no indication of
significant trends (Table 2-3). However, although there have been some marked multi-year
patterns in rainfall variation at the Myakka River State Park site over the last six decades, there
have been no significant long-term trends in either yearly or seasonal rainfall totals at this site.

MYAKKA RIVER STATE PARK
B Annual Rainfall 1944-2006
Block 1 (April 20 - June 20) Rain

MYAKKA RIVER STATE PARK
Annual Rainfall 1944-2006
Block 2 (October 28 - April 19)
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MYAKKA RIVER STATE PARK
Annual Rainfall 1944-2006
Block 3 (June 21 - October 27)

Rain
(inches)
60

50

40

30
20

10
1943 1947 1951 1955 1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007

Figure 2-20. Time series plots of seasonal rainfall totals per year at the Myakka
River State Park for Blocks 1 (A), 2 (B), and 3 (C) for 1944 — 2006.

Table 2-3. Results of Kendall Tau tests for trends in annual rainfall by seasonal block for the
Myakka River State Park gage for the period 1944-2006.

Block (Dates) Tau Statistic P value Slope
Block 1 (April 20 — June 20) -0.006 0.953 -0.003
Block 2 (October 28 — April 19) 0.035 0.705 0.017
Block 3 (June 21 — October 27) -0.052 0.565 -0.032
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2.4.2.2 Streamflow Trends at the Myakka River near Sarasota Gage

Trends in various streamflow parameters were examined for two gages in the watershed; the
Myakka River near Sarasota and Big Slough Canal near Myakka City. The intent of this
analysis was to determine if any components of the flow regime of the lower river have changed
over time. Flow trends at the Myakka River near Sarasota are discussed first, followed by a
summary of findings from other studies that have examined flow trends at that gage, including a
recent integrated surface water / ground water modeling study of the Upper Myakka River sub-
basin.

Streamflow records for the Myakka River near Sarasota extend back to when urban and
agricultural development in the Myakka River watershed were very limited. Decades prior to the
1970s can be considered baseline conditions during which time human effects on flows in the
upper Myakka River basin were probably very small. Although streamflow records begin 1936
for the Myakka River near Sarasota gage, trends for seasonal blocks were examined for the
period after 1944 to coincide with period of rainfall records at the Myakka River State Park.
Since rainfall has shown no significant trends over this period, significant changes in various
streamflow parameters may indicate anthropogenic effects on flow. However, this analysis is
restricted to one site, which as previously discussed, differs somewhat from the NWS station at
Ft. Green which has a somewhat shorter record. = Data from both stations, however, do not
indicate any increasing rainfall trends that would explain the observed increases in streamflow.

A seasonal Kendall trend test indicated there has been a significant increasing trend (p < .001)
in streamflow for the Myakka River at Sarasota for the period 1937-2006. The seasonal Kendall
test is a non-parametric test that is uses all the data collected within the year. Though not
directly comparable in a statistical sense, a time series of yearly mean flows is presented in
Figure 2-21. This hydrograph does not clearly suggest an increasing trend, but yearly mean
values are strongly influenced by flows in the summer wet season. It appears the Seasonal
Kendall test was influenced increases in flows during the drier months of the year.
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Figure 2-21. Time series plot of yearly mean flows for the Myakka River near
Sarasota fitted curvilinear trend line.
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Trends for seasonal blocks

Significant trends are apparent for flows at the Myakka River near Sarasota gage when the flow
regime is broken into different seasonal components. Kendall Tau tests conducted on yearly
median flow values calculated for each seasonal block indicate that flows are increasing for
block 1 (spring) and block 2 (fall and winter), with no indication of trends in block 3 wet season
flows (Table 2-4).

Table 2-4. Results of Kendall Tau tests for trends in median annual flows by Block for the
Myakka River near Sarasota gage (USGS 02298830) for the period 1944-2005.

Block (Dates) Tau Statistic P value Slope
1 (April 20 — June 20) 0.2992 0.001 0.272
2 (October 28 — April 19) 0.237 0.006 0.757
3 (June 21 — October 27) 0.015 0.868 0.206

Hydrographs of these values show that the increase has been most pronounced in block 1
(Figure 2-21A). Prior to 1979, median flows for block 1 were generally less than 10 cfs and
were zero cfs in many years. High median flows in block 1 were observed in some wet years
(e.g., 1958-1960), but median values exceeded 10 cfs only seven times in the 35 years of
record from 1944 through 1978.

MYAKKA RIVER NEAR SARASOTA MYAKKA RIVER NEAR SARASOTA
Median Annual Flow, 1944-2006 Median Annual Flow, 1944-2006

il y Block 2 (October 28 - April 19)
,,,,, Block 1 (April 20 - June 20) (cfs) Apr

= A. Block 1 . B. Block 2

1943 1947 1951 1955 1959 1963 1067 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 1943 1047 1951 1955 1950 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007

MYAKKA RIVER NEAR SARASOTA
Median Annual Flow, 19442008
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Figure 2-22. Time series plots of median seasonal block flows at the Myakka
River at Sarasota gage for Block 1 (A), Block 2 (B) and Block 3 (C).
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It is clear that springtime flows from the upper-Myakka River basin have increased substantially
since the late 1970s. In 26 years of record since 1979, median flows for block 1 have exceeded
10 cfs nineteen times. Median flows at or near O cfs occurred only during the drought years of
1981, 2000, and more recently in 2006. The average flow for block 1 for the period prior to
1979 was 42 cfs, while the average flow for the period after 1979 (95 cfs) was more than double
that amount.

Flows in Block 2 have also shown a significant increase (Table 2-4), though proportionately the
rise is not a steep as block 1 (Figure 2-22B). The mean flow for block 1 for 1944-1978 was 104
cfs, while the mean flow for 1979-2006 was 155 cfs. The unusually high flow in the winter of
1997-1998 was due to an El Nino event in which 50 inches of rain fell at the Myakka River State
Park rain gage from November through March.

The hydrograph of yearly median flows for block 3 indicate that wet-season flows tended to be
lowest in the 1970s through the mid-1980s, but have shown a general rise since then (Figure 2-
22C). However, in contrast to blocks 1 and 2, median yearly flows for block 3 since the late
1980s are not higher than flows in the 1940s and 1950s and there has been no long-term trend.

Trends in monthly flows

In order to examine changes in flow on smaller time scales, trends were also examined for each
month (Table 2-5). Using the same Kendall Tau test on median monthly flows, significant
increasing trends at p<.05 were observed for all months except July through October. Time
series hydrographs of median flows for each month are included in Appendix 2C. Inspection of
these graphics indicate the greatest and most consistent increase has occurred in May, during
what is normally one of the lowest flow times of year, which further indicates the baseflow of the
river has increased.

Table 2-5. Results of Kendall Tau tests for trends in monthly streamflow for the Myakka River
near Sarasota gage (USGS 02298830) for the period 1937-2005.

Month Tau Statistic P value Slope
January 0.246 0.003 0.802
February 0.182 0.027 0.640
March 0.223 0.007 0.983
April 0.226 0.006 0.488
May 0.342 0.000 0.303
June 0.176 0.032 0.205
July -0.031 0.713 -0.433
August -0.005 0.959 -0.067
September -0.035 0.671 -0.733
October 0.049 0.558 0.634
November 0.233 0.005 0.827
December 0.242 0.003 0.485
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Trends in yearly percent exceedance flows

Trends were also evaluated for yearly percent exceedance flows, or the flows that are exceeded
for a percentage of time within each year. A ten percent exceedance value represents a high flow,
as flows are higher than that rate only 10 percent of the time, while a 90 percent exceedance value
represents a low flow. The 50 percent exceedance flow represents the median flow for each year.
The results of trend tests for five yearly percent exceedance flows at the Myakka River near
Sarasota gage are listed in Table 2-6. Hydrographs of these values are illustrated in Figure 2-23.

Flow A. Yearly 10% exceedance Flow B. Yearly 25% exceedance
(cfs) (cfs)
1700 1000
1600

900
1500
1400 800
1300
1200 700
1100

600
1000
900 500
800 |” e B

11 4 400
700 < -
s P

Lo 300
500
400 | 200
300

100
200

100
1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

Flow C. Yearly 50% exceedance - D. Yearly 75% exceedance
(cfs) (cfs)
300 130

200

100

1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

Fiow E. Yearly 90% exceedance

1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

Figure 2-23. Time series hydrographs of the 10, 25, 50, 75 and 90 yearly percent
exceedance flows for the Myakka River near Sarasota gage.
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Table 2-6. Results of Kendall Tau tests for trends in yearly percent exceedance flows for the
Myakka River near Sarasota gage (USGS 02298830) for the period 1937-2005.
Percent Exceedance Flow Tau Statistic P value Slope
10% exceedance (high flows) -0.036 0.663 -0.922
25% exceedance 0.140 0.089 1.946
50% exceedance (median flows) 0.269 0.001 1.325
75% exceedance 0.358 0.000 0.489
90% exceedance (low flows) 0.407 0.000 0.202

There was no significant trend for the 10 percent exceedance flows, or the highest 10 percent of
flows that occurred each year. However, the fitted smoothed curve indicates that has been an
increase in high flows since about 1983, with the lowest flows occurring in the 1970s. This
temporal pattern may correspond to the Atlantic multi-decadal oscillation cycle (AMO) described by
Enfield et al. (2001) and related to southwest Florida by Kelly (2004). Also, as discussed in
Section 2.4.2.3, recent watershed modeling of the upper river sub-basin indicates that changes in
land and water use since the late 1970s have acted to increase high flows in the river.

There is also some indication of an increase in the 25 percent exceedance flows, but this was not
significant at the p<.05 level (p = 0.089). However, the time series plot indicates there has been
some rise in the lowest values of this parameter (Figure 2-23B). Since 1987, only two yearly
values of the 25 percent exceedance flow have been below 250 cfs, with these occurring in the
very dry years of 1996 and 2000. Prior to 1987, however, yearly 25 percent exceedance flows
below 250 cfs were common, with values below 100 cfs sometimes occurring as well.

Significant increasing trends were observed for the 50 (median), 75 and 90 percent exceedance
flows, which are graphically displayed by time series hydrographs (Figures 2-23 C, D, and E).
Yearly median flows below 20 cfs were fairly common from the late 1930s to the 1950s, but have
only been observed once in the last 20 years during the severe drought of the year 2000. Yearly
values for both the 75 and 90 percent exceedance flows were at or near zero cfs for many years in
during the 1930s to 1950s, with values near zero for the 90 percent exceedance flows extending
into the early 1970s (Figure 2-23 E). However, since that time yearly 90 percent exceedance flows
have reached zero cfs only twice, during the severe droughts of 1985 and 2000.  The median
value of the 90 percent exceedance flows prior to 1979 was 0.4 cfs, while the median of these
values after 1979 was 18 cfs. These results clearly show the low flow characteristics of the
Myakka River near Sarasota are increasing, with the effect extending to yearly median flows for the
river as well.

Trends in moving average flows

Trends were also examined for the mean, minimum and maximum values of moving average flows
that were calculated within each year. These values provide different information that the percent
exceedance flows, which report the total amount of time a flow is exceeded within a year
regardless if the flows occurred over continuous or disjunct periods. In contrast, moving-average
statistics represent flows that occur over continuous periods. These statistics can be important for
assessing flow trends can affect estuarine resources, for many physicochemical and biological
variables in estuaries respond to flows that have been received over preceding periods of time.
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Moving average flows were calculated for periods of 3, 10, 30, 60, 90 and 120 days. These
values were taken from the day within a year that the moving period ended, and in some cases,
the moving average period may have extended into the previous year. The results of Kendall Tau
tests for yearly values of the mean, minimum and maximum values of moving average flows
calculated for each year are listed in Table 2-7. Hydrographs of the mean, maximum, and
minimum values of the moving averages calculated for these day intervals are presented in
Appendix 2D, with hydrographs for the yearly minimum values also shown in Figure 2-24.

Table 2-7. Results of Kendall Tau tests for trends in mean, minimum, and maximum values of
moving average flows calculated over 3, 10, 30, 60, 90, and 120 days within each
year for the Myakka River near Sarasota gage (USGS 02298830) for the period

1937-2005.
Statistic Tau Statistic P value Slope
Mean 3-day average flow 0.060 0.472 0.556
Mean 10-day average flow 0.059 0.478 0.557
Mean 30-day average flow 0.054 0.517 0.509
Mean 60-day average flow 0.044 0.594 0.378
Mean 90-day average flow 0.058 0.488 0.380
Mean 120-day average flow 0.049 0.558 0.472
Maximum 3-day average flow -0.033 0.694 -3.987
Maximum 10-day average flow -0.032 0.705 -2.928
Maximum 30-day average flow -0.042 0.615 -1.378
Maximum 60-day average flow -0.008 0.930 -0.216
Maximum 90-day average flow 0.003 0.971 0.134
Maximum 120-day average flow -0.012 0.889 -0.213
Minimum 3-day average flow 0.417 0.000 0.066
Minimum 10-day average flow 0.406 0.000 0.081
Minimum 30-day average flow 0.433 0.000 0.135
Minimum 60-day average flow 0.363 0.000 0.212
Minimum 90-day average flow 0.326 0.000 0.363
Minimum 120-day average flow 0.295 0.000 0.577

There were no significant trends for the mean and maximum values for any of the day intervals.
There is a period from the mid-1960s to the mid-1980s when the maximum values were relatively
low, but a rebound has occurred in the last twenty years. The time series of mean values show a
similar temporal pattern.

Significant increasing trends were observed for the yearly minimum values of moving average
flows for all the day intervals tested (Table 2-7). Hydrographs of these values show how
dramatically the low flow characteristics of the Lower Myakka River have changed (Figure 2-24).
Even for the 90-day interval, minimum yearly values of zero or near zero cfs were commonly
observed prior to the late 1970s. Since that time however, 90-day flows of near zero have only
occurred during the severe droughts of 1985 and 2000. Minimum flows in the 3 to 30-day range
have increased at particularly high rates.
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Figure 2-24. Hydrographs of yearly minimum values of the 3, 10, 30, 60, 90 and
120-day moving average flows.

Number of zero flow days

The final graphic presented for trends in flows is the number of zero flow days per year at the
Myakka River near Sarasota gage (Figure 2-25). Prior to the mid-1970’s, zero flow days were
common in dry years, with a maximum value of 133 days in 1949. However, since the mid-
1970s, zero flow days have been much less frequent, restricted to drought years such as 1981,
1985, 2000, 2006 and 2007.  These data further reflect the increasing low flow characteristics
of the upper river sub-basin.
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Figure 2-25. Number of zero flow days per year at the Myakka River near Sarasota gage
for the period 1937 — 2007.

Zero flow rates occur when water levels at the Myakka River near Sarasota gage fall to about 9
feet NGVD (Figure 2-26). Water levels can continue to fall at zero flow, meaning there is water
in the channel but it is not moving downstream. The Myakka River near Sarasota gage is
located between Upper and Lower Myakka Lakes (Figure 2-4). Additional work is planned to
examine how low flows at the Myakka River near Sarasota gage correspond to flows in the
lower river, for example, at the Myakka River at control near Laurel gage, which is located about
nine kilometers below the sill on the lower lake (Figure 2 -11). Streamflow data are available
for this gage beginning in March 2008 (Figure 2-10).
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Figure 2-26. Relationship of water levels and flow at the Myakka River near Sarasota for
flow rates less than 5 cfs. Data restricted to the period from 1999 — 2008.
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2.4.2.3 Findings from other studies, including the Myakka River Watershed
Initiative

Other studies have documented an increase in dry season flows in the Myakka River (Coastal
Environmental 1998, PBS&J 1999b, SWFWMD 2005a, Interflow Engineering 2008b).
Increasing flows first drew attention in the 1990s when it was reported there was tree die-off in
the Flatford Swamp, a large wetland area in the upper reaches of the Myakka River basin. In
response to these reports, the District sponsored a study of the Flatford Swamp and
surrounding areas which concluded that abnormally high tree mortality was occurring in both
wetlands and adjacent uplands (Coastal Environmental 1998). Both photographic and
dendrochronological evidence indicated the tree die-off had begun in the mid-1980s. A follow-
up study found that tree mortality had increased through 1998 (PBS&J 1999b).

These studies concluded that excess flows from agricultural lands and other land use changes
in the upper river sub-basin have caused an increase in water levels and prolonged
hydroperiods that were detrimental to a variety of wetland and upland tree species. Other
evidence has supported the conclusion that excess flows from agricultural lands was a
causative factor, and a range of management actions are being investigated in the upper river
sub-basin to address the issue of excess flows (Interflow 2009c, 2010a, 2010b).

The minimum flows analysis for the freshwater reaches of the Myakka River also supported the
conclusion that increasing flows were attributable to agricultural land and water use (SWFWMD
2005a). Similar to the trend analyses presented in this report, the freshwater minimum flow
report examined trends in various streamflow parameters for the Myakka River near Sarasota
and also the upstream Myakka River near Myakka City gage. These results were compared to
multi-year climatic cycles and flow trends observed for other rivers in the region and it was
found the Myakka gages had increasing trends that were not observed at most other sites. The
report also observed significant increases in specific conductance and potassium
concentrations in the river, which was attributed to increased groundwater inflows to the stream
as a result of excess agricultural irrigation.

In determining minimum flows for the freshwater reaches, the District took a seasonal block
approach and divided the year into three blocks similar to those described on page 2-34. Based
on analyses of flow trends at the Myakka River near Sarasota, the District concluded that flows
during block 1 (April 20 to June 24) had been increased by an average flow rate of 22.5 cfs.
The District concluded that flows during Block 2 (October 28 to April 19), flows had been
increased on average by 26 cfs, but there was no evidence of flow augmentation in the Block 3
summer wet season. The minimum flow recommendations for the Upper Myakka River
concluded that removal of these rates of flow in Block 1 (22.4 cfs) and Block 2 (26 cfs) would
return the river to a more natural flow regime and not result in significant harm to the freshwater
reach of the river between the USGS gages at Myakka City and near Sarasota (SWFWMD
2005a).

As described in the following section, rates of streamflow augmentation in the upper Myakka
River basin have been revised based on new hydrologic modeling. These revised flow
estimates are described in some detail, for as discussed in Chapters 7 and 8, they play a critical
role in the determination of minimum flows for the lower river.
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Hydrologic modeling conducted for the Myakka River Watershed Initiative

In 2007 the District began a Myakka River Watershed Initiative (MRWI) to develop management
strategies to address water resource issues in the Myakka River watershed. Key among these
issues was the increase in dry season flows which had resulted in tree mortality in swamps and
uplands in the upper river sub-basin. In addition to remediating these adverse ecological
impacts, the water supply and flood protection aspects of increasing flow issue are being
evaluated. Specific project elements of the MRWI consist of the generation of improved
topographic information, an integrated surface-groundwater model for the watershed, a
geodatabase for watershed parameterization, and analyses of alternative best management
practices.  The District is assisted in the ongoing MRWRI by a consultant team led by
Singhofen and Associates, Inc. (SAl).

A central task of the MRWI is the development of a continuous simulation water budget model
of the watershed. A MIKE SHE / MIKE 11 integrated modeling platform (MIKE SHE) was
selected for the task. The model has been developed and calibrated for the upper Myakka
River sub-basin. A principal goal of this modeling effort is to evaluate how changes in land and
water use in the Myakka River have affected flows and water levels in various wetlands systems
and stream reaches in the upper Myakka River sub-basin. Under sub-contract to SAl, the firm
of Interflow Engineering, LLC (Interflow) constructed the MIKE SHE model for the upper river
basin and performed a series of hydrologic simulations for the District. Development of the
model was based on extensive data for soils, topography, land use/cover, flows, water levels,
and irrigation pumpage in the upper river sub-basin. The model was calibrated on combined
data collected from May 1999 to April 2006 and was verified against hydrologic data collected
between May 1994 and April 1999. The development, calibration, and verification of the MIKE
SHE model is described in detail in the report by Interflow in association with SAI (Interflow
2008a).

The objectives of this modeling effort that are relevant to the determination of minimum flows for
the Lower Myakka River include:

Estimate quantities of excess flow in the upper Myakka River.

Investigate linkages between land use /land practices and excess flows

Develop time-series of flow rates that are sufficient for pollutant load modeling purposes,
which include partitioning the time series into groundwater and surface water sources.

Evaluate alternative management scenarios for restoring the natural hydrology of the Upper
Myakka River watershed.

Excluded from the objectives of the current modeling effort are evaluations of flood protection
and water quality. Those objectives will be addressed through concurrent modeling efforts by
other members of the consultant team. Interflow (2008a) further states that the current model is
a sub-regional model, with spatial and temporal discretization commensurate with a sub-
regional scale. The evaluation of alternate management strategies and hydroperiods for
individual wetlands or stream reaches in the upper river sub-basin may require the development
of one or more local scale models.
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The current model is suitable for evaluating alterations of inflows to the Lower Myakka River from
the upper river sub-basin. As previously described, historic data for gaged inflows to the lower
river are currently limited to the Myakka River near Sarasota gage and two gages on Big Slough.
As part of the MRWI effort, Interflow simulated changes in the flows at a number of upstream
streamflow gages on river and the UGSG gage Myakka River near Sarasota. As the most
downstream long-term gage on the main stem of the river, flows at the Myakka River at Sarasota
gage integrate the effects of all the land use and hydrologic factors in that 593 km? drainage sub-
basin. Inflows that are either measured or modeled at this gage can be considered as net flows to
the lower river from approximately 93% of upper river sub-basin, for which the downstream
boundary is defined as the outlet to Lower Myakka Lake.

The District utilized output from the model simulations to evaluate the excess flows the lower river
has received as a result of changes in land and water use in the upper river sub-basin. Of
particular interest was the role of increasing amounts of agricultural irrigation. To address these
guestions, Interflow (2008b) produced another report that presented model simulations for the
following three watershed conditions:

1. Existing conditions, using recent data for land and water use in the upper river sub-basin

2. Existing conditions with no irrigation. All crops in the existing land coverage that are irrigated
were converted to unirrigated pasture for this simulation.

3. Historical conditions. This scenario simulated conditions that existed in the early 1950s, which
is prior to the occurrence of significant impacts associated with changes in agricultural land and
water use and other alterations in the watershed.

Interflow (2008b) ran these simulations for the combined calibration and verification periods which
together extended from May 15, 1994 to April 30, 2006. The same rainfall record was used for all
simulations, which consisted of Thiessen polygon rainfall totals derived from a series of recorders
within the basin for the May 19994 through April 1999 period, and NEXRAD radar rainfall estimates
for the May1999 through April 2006 period.

In the time since the MIKE SHE model was calibrated and the initial set watershed of watershed
simulations were performed (Interflow 2008a, 2008b), the model has been updated and refined
and the watershed simulations rerun. Interflow (2009b) described model refinements that include
updating model input parameters that utilize 2007 land use mapping, representation of three
irrigation reuse projects in upper-river sub-basin, a conceptual representation of the dike and pump
system in the Tatum Sawgrass area, and new survey data for detailed MIKE SHE modeling of the
tributaries to Flatford Swamp. This revised model was used to evaluate a series of management
alternatives to reduce excess flows to Flatford Swamp (Interflow 2009c).

Additional refinements of the model were applied in the fall of 2009 and revised excess flow
estimates were published in December 2009 (Interflow 2009e). This further refined model was
then used to characterize potential discharge locations and potential end users of excess flows that
go to Flatford Swamp (Interflow 2010a, 2010b). It is expected that further refinements of the MIKE
SHE model will be pursued as changes in land and water use occur in the upper river sub-basin.
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The excess flows that were used in the minimum flows analysis of the Lower Myakka River were
based on refinements of the model that were implemented in late 2008 and provided to the District
in January 2009 (Interflow 2009a). As will be described in Chapters 7 and 8, these excess flow
values were subtracted from the gaged inflow record to the Lower Myakka River to simulate the
effect of removing the excess flows on the salinity and ecological characteristics of the lower river.

It was not possible to redo the minimum flows analysis when the subsequent refinements of the
MIKE SHE model were implemented. However, the excess flows at the location of the Myakka
River near Sarasota gage that were used in the minimum flows analysis are very similar to the
excess flows at that location predicted by the later refinements of the MIKE SHE model, largely
because the refinements were changes in localized land use and detail in upstream areas that had
only minor effects at the downstream model boundary. It was therefore concluded that the
findings that used the excess flow predictions that were generated in late 2008 provided a valid
tool to evaluate minimum flows for the Lower Myakka River, knowing that the model had received
later refinements and may be refined again in the future.

The statistical and seasonal characteristics of the excess flows are described in the remainder of
this section are based on the MIKE SHE simulations conducted in late 2008 (interflow 2009a).
While reiterating that these values have since been updated and revised, the following material
provides a useful characterization of the magnitude and relation of the excess flows to the current
flow regime of the Myakka River. Later publications by Interflow (2009d, 2010a, 2010b) should be
consulted for the results of more recent modeling efforts.

Hydrologic characterization of the excess flows

In the latter part of 2008, Interflow ran MIKE SHE simulations for the three watershed conditions
described on page 2-43 (existing conditions, existing conditions with no agriculture, and historical
conditions) for the combined model calibration and verification periods, which together extended
from May 15, 1994 to April 30, 2006. Model output for simulated flows at the location of the
Myakka River near Sarasota gage were provided to the District (Interflow 2009a). Duration curves
of flows at the gage site for these three scenarios show that flows were highest for the existing
scenario, followed by the existing scenario without irrigation, with the historical flows being the
lowest (Figure 2-27). These results are supported by trend analyses of flow records at the Myakka
River near Sarasota gage which have found that flows in the river have increased over time.
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Myakka River near Sarasota Flow-Duration Curves
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Figure 2-27. Flow duration curve for daily streamflow at the location of the Myakka River
near Sarasota gage simulated by MIKE SHE: (A) Flows under existing watershed
conditions; (B) existing conditions minus excess water resulting from irrigation in
the upper river sub-basin; and (C) historic 1950 conditions with existing rainfall.
Reprinted from Interflow Engineering (2009a).

The results of the MIKE SHE modeling provide estimates of the total amount of excess flow the
Myakka River receives from all land use changes in upper river sub-basin.  The difference
between the existing scenario and historic scenario reflect the effects of all land and water use
changes in the watershed, including physical alterations such as urbanization, ditching, and
channelization. These differences in daily flows between the existing and historic scenarios are
termed total excess flows for this minimum flows report.

The MIKE SHE modeling project can also be used to assess the effects of irrigated agricultural
lands on flow in the river. The differences in daily flows between the existing scenario and the
existing scenario without irrigation were used to estimate the effects of irrigated agriculture lands in
the upper-river sub-basin, which are termed agricultural excess flows. Existing land covers for
irrigated crops were converted to unirrigated pasture for this scenario, since changes in land cover
and soil structure associated with crop conversion can affect runoff rates, regardless of the amount
of irrigation. Thus, the objective of this scenario was to examine the total effects on streamflow
that have resulted from the conversion of natural land covers to irrigated crops.

2-45
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The daily quantities of total excess flows and agricultural excess flows are plotted for the 12-year
modeling period in Figures 2-28 and 2-29. On almost all days the total excess flow values were
positive, meaning the daily flow values for the existing condition scenario were greater than the
historic scenario (Figure 2-28).  The total excess flow values ranged from negative values for a
small number of days to values ranging over 600 cfs during some years. Maximum total excess
daily flow values over 180 cfs occurred in the wet seasons of all years for which there were
complete records (1995-2005).

Daily total excess flows, Myakka River near Sarasota
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Figure 2-28. Time series of differences in daily flows between the existing conditions
scenario and the historic 1950 scenarios simulated by MIKE SHE.

Estimates of excess flows were also developed at several other locations in the Upper Myakka
river sub-basin, which showed there is considerable variation in the seasonality an relative
amounts of excess flow from one location to another. However, the excess flows at the Myakka
River near Sarasota gage are the most relevant for the development of minimum flows for the
Lower Myakka River.

The excess flow values resulting from agricultural land use were also positive at the downstream
site throughout most of the modeling period (Figure 2-29).  The quantity of excess agricultural
flows were generally less than the total excess flows, though as discussed later, agricultural
excess flows comprised a majority of the total excess flows.
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Daily excess flows due to agriculture, Myakka River near Sarasota
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Figure 2-29. Time series of the difference in daily flows between the existing conditions
scenario and the existing condition minus irrigation water scenario as
simulated by MIKE SHE.

In order to examine typical rates of excess flow throughout the year, average and median values of
total excess and agricultural excess flows were calculated for each day during the calendar year
(days 1 through 365). Average and median daily values for total excess flows are plotted in
Figures 2-30 and 2-31. These values show similar seasonal patterns, although the daily averages
are generally higher than the medians due to the influence of unusually large daily excess flow
values on the averages. Average daily total excess flows range from 100 to over 200 cfs during
the wet season from late June through September. During the dry months from November through
May, total excess flow values generally varied in the range of 15 to 30 cfs, generally supporting the
conclusion by SWFWMD (2005a) that flows in the Myakka River appear to have increased about
22 to 26 cfs on average in the dry season.

The variation of daily median values is generally more subdued than the averages, particularly in
the dry season, and it can be considered the median values reflect the typical amount of excess
flow the river receives each day of the calendar year. Median daily total excess flows generally
ranged between 7 and 15 cfs for the dry season extending from November through early June
(Figure 2-31).

Average and median daily excess flows due to agriculture are shown in Figures 2-32 and 2-33.
These show similar patterns to the total excess flows, but generally at lesser amounts. Average
excess flows due to agriculture range from about 60 to 130 cfs in the wet season, and from about
15 to 25 cfs in the dry season. Median daily flows due to agriculture typically range from about 40
to 110 cfs in the wet season, and from about 7 to 15 cfs in the dry season.
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Average total excess flows by calendar day, Myakka River near Sarasota
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Figure 2-30. Average daily values for total excess flows at the Myakka River near Sarasota
gage based a MIKE SHE simulation of the upper river sub-basin for May 1994
through April 2006
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Figure 2-31. Median daily values for total excess flows at the Myakka River near Sarasota
gage based a MIKE SHE simulation of the upper river sub-basin for May 1994
through April 2006



DRAFT August 24, 2010

Average agricultural excess flows by calendar day, Myakkka River near Sarasota
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Figure 2-32. Average daily values for excess flows due to agriculture at the Myakka River
near Sarasota gage based a MIKE SHE simulation of the upper river sub-basin for
May 1994 through April 2006

Median daily agricultural excess flows by calendar day, Myakka River nr. Sarasota

120

L

= Median (Existing - Existing No Irrigation)

Streamflow (cfs)

Figure 2-33. Median daily values for total excess flows due to agriculture at the Myakka
River near Sarasota gage based a MIKE SHE simulation of the upper river sub-basin
for May 1994 through April 2006.
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Summary statistics were generated to characterize the amount of excess flow the river receives in
relation to flow at the Myakka River near Sarasota gage (Table 2-8). Baseline flows at the gage
location are listed for the predicted flows under the existing conditions scenario and the measured
flows by the USGS. If the model perfectly predicted the flow for the existing condition, then the
predicted values would be the same as the measured gaged values. The model performed well, but
the mean flow for the existing conditions scenario (346 cfs) was about 5% greater than the mean flow
for the gaged flows (329 cfs).

Due to the timing of various flow events routed through the system, and use of recorded daily stage
values for the downstream model boundary, the model predicted negative flows for the existing
conditions scenario for some days, as reflected by the negative minimum value in the second column
in Table 2-8. This cannot happen in nature, but these periods of negative modeled flows were brief (<
1 % of total days), with modeled flows quickly returning to positive values. Negative values for the
total excess and agricultural excess flow represent days when the historical conditions scenario had
greater flows than the corresponding existing conditions scenario. Though still relatively rare, this
genuinely could occur on some days.

Table 2-8. Summary statistics for gaged flows at the Myakka River near Sarasota and the following
variables predicted by MIKE SHE model of the upper river sub-basin: existing flow conditions at the
gage: total excess flows; and excess flows due to agriculture. All values in cfs for the period May 15,
1994 through April 30, 2006.

Mean Std Min Max
Myakka River near Sarasota gaged 329 593 0 10,800
Modeled existing flows at gage 346 547 -76 4,992
Modeled total excess flows 56 92 -48 980
Modeled excess flows due to agriculture 40 62 -16 597

Total excess flows averaged 56 cfs, equivalent to 16% of the predicted mean flow for the existing
conditions scenario and 17% of the actual gaged flow for 1994-2006 modeling period (Table 2-8).
The mean value for agricultural excess flows (40 cfs) was 71% of the mean for total excess flow,
indicating that agriculture has had a very strong effect on the observed increasing flow trends.

Mean monthly values for gaged flow and modeled flow terms are shown in Figure 2-34 and listed in
Table 2-9. The monthly mean values for total excess flows ranged from 14.7 cfs in November to
174 cfs in July. In contrast to the minimum flows report for the upper river (SWFWMD 2005a), which
concluded that excess flows had not increased in the wet season, the MIKE SHE model indicates that
considerable quantities of excess flow are generated during the rainy season from June through
September. It should be noted, however, the conclusions of the upper river minimum flows report
were based on statistical analyses of flow data alone, in which the effects of changes in rainfall were
not directly assessed. Potentially, changes in rainfall could mask the effects of watershed changes.
In contrast, the MIKE SHE modeling effort employed a highly detailed physical based model in which
identical rainfall data sets were used to assess the effects of watershed changes.

Agricultural excess flows comprised the majority of the modeled total excess flows throughout the
year, especially in the dry season from October through May, when the mean values for agricultural
excess flows ranged from 74% to in excess of 100% of the mean total excess flows. Mean values for
agricultural excess flows were greater than means for total excess flows in October and November.
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The results for October and November simply mean the average difference in flows between the
existing conditions scenario was greater for the existing conditions with no irrigation scenario

than for the historic scenario.

August 24, 2010

Excess flows not due to agriculture peaked in the summer wet
season due to storm generated runoff. Agricultural excess flows ranged between 65 and 66%

of the mean total excess flow values for the rainy months of June through September.
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Figure 2-34. Monthly mean values for agricultural excess flows, excess flows not due to
agriculture, and gaged flows not including excess flows. The sum of these three
groups represent the total predicted flow at the Myakka River near Sarasota gage.

Table 2-9. Monthly mean values for gaged flows at the Myakka River near
Sarasota gage, plus the following terms predicted at the gage by MIKE SHE;
existing flows, total excess flows, excess flows from agriculture, and excess
flows not from agricuture. All values in cfs for the period May 15, 1994 - April 30,
2006.
Myakka River | Existing flow | Total excess | Agricultural | Excess flow
Month nr. Sarasota at gage flow excess flow | not from Ag.
Jan 213 171 18.3 16.1 2.2
Feb 188 157 19.1 14.2 4.9
Mar 210 207 22.9 19.3 3.6
Apr 78 102 22.1 18.0 41
May 65 52 27.6 21.0 6.6
Jun 315 304 88.5 56.6 31.9
Jul 511 570 174.2 144.8 59.4
Aug 723 763 126.4 80.8 45.6
Sep 742 863 100.1 66.4 33.7
Oct 440 529 36.1 37.0 0.0
Nov 238 215 14.7 19.7 0.0
Dec 202 209 16.9 15.3 1.6
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ve to view the proportion of flow at the Myakka River near Sarasota gage
ess flows on a daily basis. Monthly box and whisker plots of these daily

percentages show that both total and agricultural excess flows comprise the highest proportion

of gaged flows in

the months from April through June (Figures 2-35 and 2-36). The boxes

represent the data between the 25" and 75" percentiles, while the tops and bottoms of the
whiskers are at the 5™ and 95" percentiles.
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The results of the MIKE SHE modeling efforts (Interflow 2008b, Interflow 2009a) agree with the
findings of other studies, which have reported increasing flows in the Upper Myakka River sub-
basin, with agricultural land conversion and irrigation being key factors contributing to these
trends. During dry periods, low flows in the river are increased by the addition of excess
irrigation water, either as direct runoff from irrigated fields or as increased baseflow from the
surficial aquifer. The increasing trend of specific conductance in the Myakka River reported by
SWFWMD (2005a) also indicates that irrigation waters are entering the river, as ground waters
pumped from deep aquifers have higher specific conductance than surface runoff or shallow
ground water. An increase in specific conductance has been observed in other streams in the
southern part of the District where low flow parameters have been increasing due to agricultural
water use (Flannery et al. 1991, PBS&J 2007).

The MIKE SHE modeling also indicates that flows in the river are supplemented in the wet
season. This likely results from the combined effect of changes in land and water use. The
change of land cover from native forests and range to row crops affects runoff coefficients and
evapotranspiration rates, regardless of irrigation. In addition, irrigation can contribute to greater
runoff from storm events by raising the water table, increasing soil saturation, and reducing soil
storage. On a percent of flow basis, the effects of irrigation on increasing surface runoff is
probably greatest in the dry season when the irrigation is occurring. However, elevated water
tables may persist for sometime after the irrigation has ceased, contributing to increased flows
in the summer wet season. A change from native land covers to urban lands would also
increase runoff rates.

As described in Chapter 7, the District accounted for these excess flows from the upper river
sub-basin in the determination of minimum flows for the Lower Myakka River. Excess flows
were not calculated for the lower river sub-basin because: long-term streamflow records are
much more limited; a detailed integrated surface / ground water model has not been
constructed for the lower river sub-basin; land uses in the lower river sub-basin have not shown
the dramatic increase in agricultural land use; and there are no reports of related trends that
indicate that increasing agricultural flows are a concern.

As described in the following section, a hydrologic characterization of flow from the lower river
sub-basin was restricted to trend analyses of a single long term gage on Big Slough and the
simulation of flows from ungaged areas within the lower river sub-basin.

2.4.2.4 Trend analyses of Big Slough near Myakka City Gage

Big Slough Canal is the only major tributary to the Lower Myakka River that is currently gaged
for streamflow and trend tests of flows in Big Slough are presented below. These results,
however, are not as informative as for the Myakka River near Sarasota because period of
record at longest-term gage on Big Slough only extends back to 1980. Trend tests and time
series hydrographs for this gage are strongly influenced by variations in rainfall since that time
and were not used to assess any potential anthropogenic effects on flow. The data do,
however, illustrate how flows in Big Slough have varied over the last three decades.
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Selected hydrographs of different streamflow parameters at the Big Slough near Myakka City
are presented below, with the complete suite of hydrographs for all parameters tested for trends
included in Appendices 2E, 2F, and 2G. It is reiterated this gage only represents seven percent
of the area of Myakka River watershed. Flows have probably varied similarly at the more
downstream Big Slough at Tropicaire Blvd. gage (15 percent of watershed area), but flow
records at this site extend only to 2000, thus trend tests were not conducted for that site.

A hydrograph of yearly mean flows at the Big Slough at Myakka City gage for the period 1981 —
2006 is presented in Figure 2-37. The lowest yearly mean flows on record were occurred in
1985 and 1989. The mean annual flow for the drought year 2000 was considerably higher than
eight yearly mean flows during the 1980s and 1990s.
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Figure 2-37. Time series plot of mean annual flows for the USGS gage Big Slough Canal
near Myakka City for 1981-2006.

There have been no significant trends in any of the three seasonal blocks (Table 2-10).
Hydrographs of yearly median flows within each block indicate that block 1 flows were very low
during the dry period from 1999 through the spring of 2002, similar to other gages in the region
(Figure 2-38A). Block 3 flows peaked in the wet year of 1995, and were fairly high during the
years from 1999 — 2004, with low years in 2005 and 2006.

Table 2-10. Results of Kendall Tau tests for trends in median annual flows by Block for the
Big Slough Canal Near Myakka City gage (USGS 02299410) for the period
1981-2006.

Block (Dates) Tau Statistic P value Slope

1 (April 20 — June 20) -0.212 0.134 -0.075

2 (October 28 — April 19) -0.052 0.724 -0.067

3 (June 21 — October 27) 0.182 0.201 0.871
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Figure 2-38. Time series plots of yearly median flows for seasonal blocks 1, 2, and 3 for
Big Slough Canal near Myakka City.

Trend tests for flows within individual months did not indicate any consistent patterns (Table 2-
11, Appendix 2E). A significant decreasing trend for April and increasing trend for July were
found, with some evidence of an increasing trend for January.

Trend tests on yearly on yearly percent exceedance flows indicate that the high flows on the Big
Slough have been increasing, while low and medium flows have shown no trends (Table 2-12,
Appendix 2F). Time series plot of the 10 and 25 percent exceedance flows indicate the wet
season flows of Big Slough have been increasing (Figure 2-39), which may be due to patterns in
wet season rainfall. There has not been a hydrologic assessment of land use changes in the
Big Slough watershed, so no assessment of any potential land use effects is possible.
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Table 2-11. Results of Kendall Tau tests for trends in monthly Streamflow for the Big
Slough Canal Near Myakka City gage (USGS 02299410) for the period 1981-
2005.

Month Tau Statistic P value Slope

January 0.253 0.080 0.201

February -0.020 0.907 -0.023

March -0.070 0.640 -0.110

April -0.403 0.005 -0.261

May -0.140 0.337 -0.023

June 0.087 0.559 0.113

July 0.327 0.023 2.971

August 0.223 0.123 1.792

September 0.027 0.870 0.212

October 0.003 1.000 0.011

November -0.067 0.657 -0.050

December 0.120 0.414 0.080

Table 2-12. Results of Kendall Tau tests for trends in yearly percent exceedance flows for the
Big Slough Canal Near Myakka City gage (USGS 02299410) for the period 1981-

2005.
Percent Exceedance Flow Tau Statistic P value Slope
10% exceedance (high flows) 0.307 0.033 4.909
25% exceedance 0.260 0.072 1.000
50% exceedance (median flows) 0.087 0.559 0.047
75% exceedance -0.063 0.674 -0.037
90% exceedance (low flows) -0.120 0.412 -0.010
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Figure 2-39. Time series plot of yearly values of the 10 and 25 percent exceedance flows
for the Big Slough Canal near Myakka City.

2006
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Trend tests on moving average flows within years indicated there was a tendency for increasing
trends in both the mean and maximum values, while there were no trends for minimum values.
Hydrographs of the yearly mean, minimum, and maximum values for the 90-day flow interval
are presented in Figure 2-40. Although a significant trend in yearly mean values was observed
only for the 120-day flow, significance levels near the p <. 05 threshold were observed for the
other day intervals tested (Table 2-13).  Similarly, significant trends were observed for four of
the six intervals tested for maximum yearly values, with p values for the other two intervals near
the p < .05 significance threshold. The hydrograph of the 90-day maximum values clearly
indicates the wet season flows in Big Slough have been increasing over the last twenty-five
years. In contrast, there were no significant trends in the minimum values for any of the day
intervals tested, which are supported by hydrographs of these values (Figure 2-40C and
Appendix 2G).

The combined trend tests for the Big Slough show very different results than the Myakka River
near Sarasota, where there are increasing trends in dry season flows but no evidence of trends
in wet season flows. These differences in results are likely due to yearly rainfall variations over
the different lengths of record at these gages and differences in land use between the upper
river and lower river sub-basins.
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Figure 2-40. Time series plots of yearly mean, minimum, and minimum values of moving
average 90-day flows within years for the Big Slough Canal near Myakka
City.
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Table 2-13. Results of Kendall Tau tests for trends in mean, minimum, and maximum values of
moving average flows calculated over 3, 10, 30, 60, 90, and 120 days within each
year for the Big Slough Canal Near Myakka City gage (USGS 02299410) for the
period 1981-2005.

Statistic Tau Statistic P value Slope
Mean 3-day average flow 0.247 0.088 1.526
Mean 10-day average flow 0.233 0.107 1.543
Mean 30-day average flow 0.273 0.059 1.507
Mean 60-day average flow 0.280 0.053 1.529
Mean 90-day average flow 0.280 0.053 1.536
Mean 120-day average flow 0.293 0.042 1.575
Maximum 3-day average flow 0.247 0.088 18.279
Maximum 10-day average flow 0.293 0.042 15.110
Maximum 30-day average flow 0.273 0.059 7.610
Maximum 60-day average flow 0.373 0.010 6.550
Maximum 90-day average flow 0.380 0.008 5.926
Maximum 120-day average flow 0.333 0.021 3.713
Minimum 3-day average flow -0.140 0.326 0.000
Minimum 10-day average flow -0.127 0.379 -0.004
Minimum 30-day average flow -0.067 0.656 -0.004
Minimum 60-day average flow 0.027 0.870 0.004
Minimum 90-day average flow 0.060 0.691 0.021
Minimum 120-day average flow 0.133 0.362 0.080

2.4.3 Ungaged flows to the Lower River

Approximately 39% percent of the drainage area to the Lower Myakka River is currently not
gaged for streamflow. However, two recent efforts have estimated flows from these ungaged
areas. Along with gaged flows, a combination of ungaged flow estimates from these two efforts
were used as hydrologic input for the construction of hydrodynamic salt transport models of
Charlotte Harbor and the Lower Peace and Myakka Rivers prepared by the University of Florida
(Sheng et al. 2006) and District staff (Appendix 5A). A summary of the two methods for
estimating ungaged flows is presented below, with a brief discussion of how these were utilized
to serve as input to the estuarine models.

2.4.3.1 HSPF modeling

The District contracted the University of South Florida Center for Modeling and Aquatic Systems
to construct a surface-water model to predict ungaged flows to Upper Charlotte Harbor,
including the Lower Myakka River. Ungaged flows were simulated using an HSPF model
(Hydrologic Simulation Program — FORTRAN, Bickell et al. 2001). A detailed discussion of the
HSPF modeling effort by is presented in a report by Ross et al. (2005).
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HSPF requires that the watershed be divided into three groups: pervious land, impervious land,
and channels or reaches. Based on land cover data from 1999, the implementation of HSPF
for this project divided pervious land into five subgroups or land segments; 1) urban, 2) irrigated,
3) grass/pasture 4) forested and 5) mined and disturbed. Each of the five pervious land
segments had associated hydrologic parameters. Assigned irrigation rates were developed
from metered and estimated irrigation rates obtained from the District.

The sub-basins used in the project were derived from the USGS basin delineations, but sub-
basins along the Myakka and Peace River were subdivided into smaller units where interest in
detailed inflow was desired. The sub-basin delineations used in the project, including those in
the Lower Myakka River, are shown in Figure 2-41. After the initial sub-basins were
constructed, two addition sub-basins were added near Deer Prairie Slough, producing 74 total
sub-basins delineated for the project, of which 36 were in the Lower Myakka River.

Major conveyances of water through the model domain, including the major rivers and
tributaries, were classified as routing reaches. Runoff from the basins was routed through the
routing reaches. There were 48 routing reaches identified for the ungaged Charlotte Harbor
model, of which 19 were in the watershed of the Lower Myakka River. Rainfall inputs for the
model were derived from nine rain gages in the region based on a defined set of selection
criteria.

The HSPF model was calibrated to data collected between January 1, 1989 and September 20,
2004. The calibration was performed in a two-step procedure, the first of which used traditional
manual calibration techniques. The second step was to refine the initial calibration with a
parameter estimation software package (PEST, Doherty 2001). The model was calibrated to
three available USGS flow gages, two of which are in the Lower Myakka River watershed; Deer
Prairie Slough at Power Line nr. North Port Charlotte and Big Slough Canal at North Port
Charlotte. A third calibration site, Gator Slough at SR 765 at Cape Coral, was located in the
southern Charlotte Harbor area. A number of plots and statistics supporting the calibration and
validation of the model are presented by Ross et al. (2005). After calibration, the HSPF model
was used to produce a record of predicted daily ungaged flows for all the sub-basins and routing
reaches in the model domain for the years 1989-2004. Flows reported for each reach included
both the gaged and ungaged flows, but the gaged flows could be subtracted to determine the
total ungaged flow.



8’ ' 729

SR
|

el ik
Wl

2 ¥
L

A ol

B 41

Figure 2-41. Map of stream reaches for HSPF modeling of ungaged areas to Charlotte
Harbor, reprinted from Ross et al. (2005).
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2.4.3.2 Ungaged flow estimates prepared by SDI Environmental Services, Inc.

The firm of SDI Environmental Services, Inc. (SDI) also generated estimates of ungaged flow to
the Charlotte Harbor, including the Lower Myakka River. Though not funded by the District,
these values were supplied to the District for evaluation in the minimum flows project. In order
to estimate unit area runoff rates from ungaged rural and urban areas draining to Charlotte
Harbor, SDI compared flows from two gaged drainage basins in the region. Walker Creek near
Sarasota (USGS gage # 02299861) was considered to be representative of an urban drainage
basin, and Big Slough Canal near Myakka City was considered to be representative of a rural
drainage basin. At the time of the comparison, the periods of record were 8/1/1991 to
9/30/2002 for Walker Creek and 10/1/1980 to 9/30/2002 for Big Slough Canal. Daily flow values
for each gage were expressed in inches of runoff per day.

The average flows for the comparable periods-of-record (8/1/1991 to 9/30/2002) were
calculated for each basin. The ratio of the overall mean flows from Walker Creek to Big Slough
was 1.08. To estimate flows from ungaged basins in the Charlotte Harbor watershed, it was
assumed that daily flows in inches per day from Big Slough were representative of daily flows
from rural land covers. Multiplication of the Big Slough daily flows by 1.08 was used to estimate
daily flows from urban land covers. Using GIS, either rural or urban codes were assigned to
land covers within each of the delineated ungaged sub-basins in Charlotte Harbor watershed.
Depending on the land code, daily flows from Big Slough, with or without the 1.08 adjustment,
were applied to the respective areas of rural or urban land cover in each of the ungaged sub-
basins to generate daily flows in inches of runoff for those basins. These values were converted
to daily flows in cfs and used as hydrologic input in the hydrodynamic models.

The initial calibration of the UF Charlotte Harbor model, which was based on a twelve month
calibration period during 2003 and 2004, incorporated HSPF generated flows provided by Ross
et al. (2005). However, assessments of model performance indicated the ungaged flow values
predicted by the HSPF model might be too high, as the estuarine model tended to under-predict
salinity. Also, the daily HSPF estimates were generally greater than flow estimates produced by
SDI for the same ungaged sub-basins during the calibration period.

To test performance of the estuarine model to reduced ungaged inflow, the time series of daily
flows predicted by the HSPF model were adjusted by constant coefficients derived by
comparing the mean ungaged flow values generated by HSPF to mean flow values produced by
SDI. Based on these comparisons, daily ungaged flows predicted by HSPF in the Peace River
watershed were multiplied by 0.387, while daily ungaged flows predicted by HSPF in the
Myakka River basin were multiplied by a factor of 0.507 to arrive at the final adjusted ungaged
flows within each river watershed. Ungaged flows along the western shore of Charlotte Harbor
were multiplied by the adjustment factor for the Myakka River, while ungaged flows along the
eastern side of the harbor were multiplied by the factor for the Peace River.

These adjusted ungaged flow values resulted in improved performance of the UF Charlotte
Harbor model. As described in Chapter 5, output from the UF model along a two-dimensional
cross-section in Charlotte Harbor was used as a boundary condition for the District model of the
Upper Harbor and the Lower Myakka and Peace Rivers. Calibration of the District model also
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indicated that the original HSPF ungaged flow estimates were too high, as the adjusted
ungaged flow values improved model performance. As a result, the adjusted ungaged flow
values described above were used for the final calibration of both the UF and District models.
However, as described in Chapter 5, application of the District estuarine model to different
gaged inflow scenarios for the years 1999-2002 used ungaged flow values computed directly by
the SDI method.
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Chapter 3

Physical Characteristics of the Lower Myakka River Estuary

Physiography

The Lower Myakka River extends approximately 52 kilometers (32 miles) from the sill at the
downstream end of Lower Myakka Lake to the mouth of the river at Cattle Dock Point (Figure 3-
1). The lower river flows southwesterly along a controlling fracture to Rocky Ford near river
kilometer (RK) 41, where it intercepts another fracture and runs southeasterly near the western
boundary of its catchment area to Charlotte Harbor (Evans et al., 1989). Three geomorphic
reaches of the Lower Myakka River were created by drowning of the river floodplain by sea level

rise:

(1) The river mouth features broad fringing mangroves at Hog Island and Tippecanoe
Bay, but the river is otherwise a wide, shallow embayment with upland banks shaped by
relict meanders. Deep water extends 1-2 kilometers (km) from Charlotte Harbor to near
Tippecanoe Bay. The bottom shallows and then deepens to a 2-3 km scour feature near
El Jobean. Sediments associated with former wetland islands in this reach have been
eroded, distributed, and mineralized by sea level rise. Upstream of El Jobean the
bottom is comprised of level, medium to fine sands with variable organic content, with
shoals occurring near the top of the embayment.

(2) Beginning near RK 12 (Sarasota-Charlotte county line), mangrove and salt marsh
islands dissect the stream into a mixture of parallel and braided channels. Fringing
wetlands are common on most river banks and salt marsh extends farther upriver than
mangroves. For the next 10 km the river narrows with upstream distance, widening
downstream of three principal tributaries (Big Slough/Myakkahatchee Creek; Warm
Mineral Springs, and Deer Prairie Creek). A natural but shallow thalweg runs across
otherwise shoal bottoms and eventually ends at a sand glide upstream of Deer Prairie
Creek.

(3) Upstream of RK 22 the stream runs to Rocky Ford as a single, highly-meandered
channel. The upstream half of this reach is a deep (2-3 m) incised stream with outcrops
of rock and indurated shell on its banks and bottom. The downstream half is a slowly
widening reach flanked by perfect and imperfect levees and increasing amounts of
bottomlands. Small marshes occur at creek mouths and on point bars. Below RK 25
pocket marshes with high plant diversity increase in number and size downstream. The
reach shallows with downstream distance; sediments are mostly poorly-sorted and low
in organic content.
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Figure 3-1. Map of the lower Myakka River showing the river-kilometer (RK) system
used in this report. The mouth of the river (RK 0.0) is taken as Cattle
Dock Point near Charlotte Harbor.
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3.2 Tides

The waters of nearly all of the Lower Myakka River are affected by astronomical tides. Tidal
effects extend upriver and include the presence and concentration of salt, tidal reversals of
current, and water level (stage) variations. Effects vary as a function of river discharge, but
under most flow conditions current reversals extend farther upstream than salt, and stage
variations extend farther upstream than current reversals. Under low flow conditions, tidal
stage variations extend upstream to near Rocky Ford (RK 41.6) with backwater effects
extending to Downs’ Dam (RK 46). Sea level intercepts the bed of the Myakka River at Rocky
Ford (Bie 1916, US Geological Survey 1973).

Tides at the river mouth are mixed (diurnal and semidiurnal components) with a diurnal range of
58 cm relatve to mean lower low water (International Marine, 2006;
http:/tidesandcurrents.noaa.gov). At El Jobean (NOAA/NOS Station ID 8725769; RK 4.0)
mean sea level and mean tide level occur at 33 cm relative to mean lower low water, or 16 cm
below the North American Vertical Datum of 1988. According to Hammett (1992), there is about
a 150 minute lag between high tide at El Jobean and high tide at Snook Haven (RK 26.5), with
high tides farther upstream occurring at about the same time as tides at Snook Haven. On the
other hand, there is about a 180 minute lag in low tide from El Jobean to Snook Haven, and
then about a 60 minute lag from Snook Haven to near Laurel (RK 41). Hammett (1992)
estimated the tide range at Snook Haven to be approximately 75% of the tide range at El
Jobean. Recent tidal data measured during the course of the minimum flows investigation are
discussed in Chapter 4.

3.3 Geometry of the Lower River

The in-bank river channel is only a few meters wide in its uppermost reaches, and is more than
3 km wide in its lowest reach where the northeast bank falls away into Tippecanoe Bay. The
total surface area of the lower river is approximately 2,200 hectares at mean tide. Overall river
area is greatest from RK 0 to RK 14, upstream of which river area decreases significantly
(Figure 3-2). The river area at two meters depth is much less than at the surface, due to the
shallow nature of the lower river. The area of bottom at depths > 2 m is greatest near the river
mouth and decreases upstream to RK 10. The bottom area at depths > 2 m is relatively small
(Figure 3-3).

River depths were extracted from bathymetric files provided to the District by the Department of
Geology, University of South Florida (Wang, 2004). Relative to chart depth (mean lower low
water), the tidal river has an average depth of about 1.5 m (Figure 3-4). Although not visible in
the depth chart of Figure 3-4, the river between RK 23 and RK 33 is actually deeper on average
than the river mouth area, because the lower river has broad shallow areas whereas the upper
river is an incised channel.

Figure 3-5 depicts average and maximum depths by river kilometer and illustrates the deep
reach between RK 23 and RK 33. Another deep area occurs at the confluence of Big Slough —
Myakkahatchee Creek with the river, although this deep spot may be an artifact of dredging
when the tributary was channelized. Maximum depths average about 3 m for the entire river,
with maximum depths greater than 4 m occurring between Cattle Dock Point and El Jobean,
near the mouth of Big Slough, and in the Big Bend area (RK 35 — 37).

3-3
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Figure 3-5. Mean depth (solid line) and maximum depth (broken line) of the lower river at
half-kilometer intervals. Depths are in meters relative to NGVD.

An important shoal reach of the lower river occurs between Deer Prairie Creek and Rambler’s
Rest, particularly in the RK 20-22 area. There, shallow water runs from bank to bank and the
entire channel may be only a few decimeters deep during winter low tides.

River widths and depths combine to create an overall river volume of approximately 28 million
cubic meters in the first 14 river kilometers, with comparatively small additional volume added
with upstream distance beyond RK 14 (Figure 3-6). Based on the frequency distribution of

volume relative to depth (Figure 3-7), the tidal prism represents approximately half of the lower
river's average volume.
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Figure 3-6. Graph of river volume (1000 cubic meters) by one-kilometer intervals and by
cumulative volume for the first 14 river kilometers. River volume upstream
of RK 14.0 approaches zero at 10° m® scale.

Volume (1000 m?)

0 2000 4000 6000 8000 10000

[
—
1

'
| Se]

NGVD (depth in m)
o

i

Figure 3-7. Hypsograph depicting river volume as a function of river depth in meters
relative to NGVD.
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34 Shorelines and Wetlands

Shorelines can be described in terms of the wetted lengths of natural and altered land covers
and land uses in the lower river. Estevez et al. (1990) inventoried shorelines of the tidal river in
Sarasota and Charlotte Counties, using shoreline lengths to classify the condition of the river
banks in Sarasota County. Because of the extensive edges associated with marshes, islands
and tributaries, they found that there was approximately 13 km of shoreline per kilometer of river
within the tidal reach. Hardened shores comprised 12.4% of the total. By length, exotic species
were present along more than one-third of tidal river shorelines, with Brazilian pepper (Schinus
terebinthifolius) constituting 93% of the exotic cover, by species.

Shoreline features of the lower river are mapped in Figure 3-8. More detail is given in Figure 3-
9 and Figure 3-10. For natural land covers, there is a distinct zonation of wetland community
shorelines in the lower river (Figure 3-9), with mangroves dominant in the downstream-most
third of the river; “saltwater marshes” occupying the middle third, and freshwater marshes and
forests dominating the upstream-most third of the river. The species composition and
distribution of wetland communties along the lower river are discussed in further detail in
Chapter 5.

Superimposed over the pattern of natural communities and shorelines of the lower river are
patterns of shoreline alteration. Urbanization of shorelines is the dominant form of alteration
(Figure 3-10) and it is noteworthy that on a shoreline length basis, significant amounts of
shoreline in Sarasota County as well as Charlotte County have been urbanized. On balance,
much of the urbanization of upriver shoreline has occurred with the development of upland
areas along the river, rather than wetlands.

35 Sediments

The Myakka is a blackwater river and as such transports suspended inorganic sediments only
during periods of extremely high flow. Bed transport occurs at moderate to high flow (Grace,
1977). River sediments are primarily poorly-sorted, fine-grained quartz sands derived from the
reworking of terrestrial soils of the floodplain being drowned by sea-level rise.

Details of river sediments are provided in Chapter 6, although it is interesting to note that silts
and clays are low (<5%) in sediments of the upper 22 km of the river, but below RK 21 the silt-
clay content of bottom sediments increases several-fold (Figure 3-11). As explained in Chapter
6, the RK 21-22 reach represents a narrowing of the channel and also a transition from down-
river salt marshes dominated by Juncus roemerianus to up-river marshes characterized by tidal-
freshwater and oligohaline plant species.
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Chapter 4

Salinity, Empirical Model Development, and Water Quality

4.1 Introduction

The salinity and water quality characteristics of the Lower Myakka River and their
relationships with freshwater inflow are described in the following chapter, with salinity
discussed first below. In addition to summarizing actual salinity observations, selected
isohalines were also computed (through linear interpolation) and their behavior and
general distribution described. Where salinity or isohaline positions were described as a
function of flow, all available data were generally incorporated. Where salinity gradients
were described, data were generally limited to 1995 to present, the period in which the
entire length of the study area was routinely sampled. Ultimate modeling efforts
generally ranged from 1980 to present, the period when data were available for all major
flows to the river. The various descriptions of salinity, therefore, refer to specific time
periods which should be referenced to the climatological influences in effect at the time
and the timing of the various anthropogenic hydrologic alterations.

The quantitative analysis of salinity in the Myakka River centered on developing
regression models which would reproduce the flow-related behaviors of selected
isohalines and which would reproduce salinity at selected representative stations along
the river. Input data were limited to flows below the 99™ percentile and to data collected
above river kilometer 0.0 to optimize regression utility for low flow, upriver conditions.
The regressions were then employed under a variety of flow alterations to predict
changes in salinity and isohaline position.

In addition to flows of the Myakka River, weather, tide, and flow variables from the
Peace River and from Myakkahatchee Creek were also included as potential
independent variables in regression analyses. When significant, the inclusion of weather
and tide variables provided a more constrained estimate of flow dependence. Modeling
of the various flow scenarios, however, used mean weather and tide conditions to
extend the time period which could be modeled, and so that differences due to flow
alterations could be more directly observed.

4.2 Methods
4.2.1 Data Sources

Data sources included in the following analyses of salinity and water quality appear in
Appendix 4-A. Data were obtained from the listed sources with an original retrieval area
between 26.870° and 27.250° N and 82.128° and 82.375° W, or between Upper Lake
Myakka and extending into Charlotte Harbor. The resulting data ranged from river
kilometer -9.0 to 45.6. If unspecified, nutrient parameters were assumed to be the total
rather than dissolved and time references were assumed to be local time (EST or
EDT). Reasonable assumptions regarding sampling depth were used where
appropriate.
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The stations were plotted to assign a river kilometer and distance from centerline using
the river centerline supplied by the District (revised 5/20/2005). Stations in waterbodies
off of the main stem of the Myakka River (Tippecanoe Bay, Blackburn Canal,
Myakkahatchee Creek, etc.) were excluded. FWCC-FWRI Fisheries Independent
Monitoring (FIM) data were generally 1-2 m shallower than other sampling programs at
equivalent river kilometers, and so bottom data from this program were also excluded.

Data were also retrieved from continuous recorders operated by the U.S. Geological
Survey (Figure 4-1). Stations were designated as 02298955 Myakka River at Snook
Haven (27.1000° N, 82.3336° W, 28.3 km), 02299230 Myakka River at North Port
Charlotte (27.0447° N, 82.2933° W, at U.S. 41, 18.5 km), and 02299496 Myakka River
at El Jobean (26.9578° N, 82.2128° W, 4.2 km). These data were available as daily
values and as 15 minute data. The more recent data began in January 2003, March
2003, and August 2002, for Snook Haven, North Port Charlotte, and El Jobean,
respectively, with some older data available from 1983-1985. In addition to stage data,
the recent installations included fixed sensors for near surface and near bottom
temperature and salinity.

4.2.2 Isohalines

Isohalines of interest were selected by the District based on biological significance
determined in other literature and included 2, 4, 8, 12, 16, and 28 psu. In addition, 1,
20, and 24 psu were also examined as the amount of data for 28 psu was minimal within
the study area and did not permit significant analysis.

Isohaline positions, distance from centerline, and estimated times were calculated as
linear interpolations between adjacent pairs of salinity data. When a very shallow station
(<1.0 m) had a single mid-depth reading, these data were included in both the surface
and bottom categories. For isohaline regression modeling, input data were limited to
positions calculated from successive stations separated by no more than 6 km and 7 psu
as a compromise between the uncertainty of computed isohaline positions and number
of retained data. Data were also limited to isohaline positions upstream of river
kilometer 0.0 to emphasize lower flow conditions. To reduce serial correlation, a single
value per month was selected for modeling while remaining data were retained for
regression verification.
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4.2.3 Fixed Stations

Frequencies of observations per kilometer were examined and the 1 km intervals with
the most observations (Figure 4-2) were identified. Five intervals were selected (Figure
4-3, Table 4-1) for regression modeling. A single value per month was again identified
to reduce serial correlation.

Number of Observations

Number of Observations

0 | | | | | | | | | | | | | |
15 20 25 30 35 40

River Kilometer

Figure 4-2. The one kilometer river intervals with the highest number of salinity
observations, 1962 to 2005, all depths pooled.
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Figure 4-3. One kilometer river segments of high data density (red bars) to be used for
fixed station salinity regressions.
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Table 4-1. Location, approximate place name, designation, and number of salinity
observations at stations selected for fixed station salinity regression
modeling.

Km Location Km / Designation n=

3.7-47 El Jobean 4-EJ 1546
11.3-12.3 Sarasota-Charlotte County Line 12-CL 620
18.0-19.0 U.S. 41 18-41 450
21.8-22.8 Rambler’s Rest 22 -RR 354
27.8-28.8 Snook Haven 28-SH 475

4.2.4 Regression Analyses

The goal of regression analyses was to develop a model which would calculate daily
salinity or isohaline locations using altered flow scenarios. Modeling over an extended
time period was desired in order to capture a wide variety of flows and flow
combinations. However, not all significant variables would be available over the period
of the initiating data, therefore tidal variables were simulated from harmonics derived
from continuous records collected over a few years. Weather data which might affect
salinity and stage were available for a substantial period of time, but not for the entire
period for which modeling was desired. As a result, specific data were used for
regression development, while model runs to evaluate differing flow scenarios used
mean weather conditions over the entire modeled period. Details of regression
analyses, listing of input variables, and flow weighting calculations appear in Appendix 4-
B in detalil.

Weather and Tides

Independent variables included weather influences (barometric pressure, wind direction
and wind stress parameters recorded as hourly data at Venice, approximately 10 km to
the east of the Myakka River; Table 4-2). Tidal influences were investigated using
predicted tides based on harmonics extracted from the U.S. Geological Survey’s
continuous gauge at El Jobean during a low flow period (May-June, 1985) and
accumulated over periods from hours to an entire day (Table 4-3). Correspondence
between observed and the resulting predicted timing and tidal elevation was excellent,
with an average RMS error ranging from 0.15 (Figure 4-4) to 0.34 feet during selected
low flow periods.
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Table 4-2. Weather variables investigated during regression analyses.

BAR Barometric pressure, millibars or hectopascals
BAR3 Mean barometric pressure of last 3 hours
BARG6 Mean barometric pressure of last 6 hours

COS_WD Cosine of wind direction, (see text for transformation)

COS WD3 Mean cosine transformed wind direction of last 3 hours

COS WD6 Mean cosine transformed wind direction of last 6 hours
COS_WDS2 Wind stress = transformed wind direction *(wind speed in m/sec)?
COS_WDS23 Mean wind stress of last 3 hours

COS_WDS26 Mean wind stress of last 6 hours

Table 4-3. Predicted tidal variables at El Jobean investigated during regression
analyses. Heights are in meters.

Time specific variables

PRED_M_SEA Predicted stage in m, with seasonal sea level added back in,
based on 1985 harmonics

DELTA M Change in stage per hour, over last hour

TIDE_M1 Stage 1 hour earlier

TIDE_M2 Stage 2 hours earlier

TIDE_M3 Stage 3 hours earlier

TIDE_P1 Stage 1 hour later

TIDE_3M Mean stage of last 3 hours

RATE_3M Mean rate of change (DELTA_M) of last 3 hours

MAXRATE_3 Maximum rate of change of last 3 hours

MAXTIDE_3 Maximum stage of last 3 hours

MINTIDE_3 Minimum stage of last 3 hours

TIDE_6M Mean stage of last 6 hours

RATE_6M Mean rate of change of last 6 hours

MAXRATE_6 Maximum rate of change of last 6 hours

MAXTIDE_6 Maximum stage of last 6 hours

MINTIDE_6 Minimum stage of last 6 hours

Day specific variables

MIN_TIDE Minimum stage of the day

MAX_TIDE Maximum stage of the day

RANGE_TIDE Range of stage for the day

TIDE_MEAND Mean tide for the day

TIDE_MEANL Mean tide during typical sampling hours (1000-1600 hours UTC
inclusive)

MIN_RATE Minimum rate of change for the day

MAX_RATE Maximum rate of change for the day

RANGE_RATE Range of rate of change for the day

RATE_MEAND Mean rate of change for the day

RATE_MEANL Mean rate of change for typical sampling hours (1000-1600 hours UTC,
inclusive)
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Figure 4-4. Correspondence of observed and modeled tide heights at El Jobean
during the period of the initiating data.

Flows

The reference flow station used for evaluating salinity in the Myakka River was the U.S.
Geological Survey station 02298830, “Myakka River near Sarasota, FL” (27.2403 ° N,
82.3139 ° W) with a drainage area of 593 km? (229 mi?), located between the Upper and
Lower Lake Myakka. The period of record available extended from September 1, 1936
through December 31, 2005 for this project. References to flows in the Myakka River
refer to this site exclusively unless specified otherwise.

Myakkahatchee Creek flows were developed from a variety of sources (Appendix 4-B) to
provide a record from October 1, 1980 through December 31, 2004. As an indicator of
end member conditions affecting the lower Myakka River (i.e. salinity in Charlotte
Harbor), flows from the Peace River at Arcadia (U.S. Geological Survey station
02296750, 27.2219 ° N 82.8761 ° W) were also examined as a potential independent
variable. The site captures approximately 3,541 km? (1,367 mi®) or roughly 60% of the
total gauged flow of the Peace River watershed with average flows slightly over three
times that of the Myakka River. Myakka River, Peace River, and Myakkahatchee Creek
flows were all subjected to a variety of flow weighting techniques to generate potential
independent variables (Table 4-4) during regression development. The details of
computations appear in Appendix 4-B.
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Regression Development

Models of both isohaline position and of salinity at fixed station locations were developed
as forward interactive regressions, using p<0.05 as criteria for inclusion and
maintenance in the model and including a constant term. Once a flow term from a river
or creek was included, no other flow term from the same river was used. Weather and
tide variables were generally included subsequent to flow terms and were also limited to
one parameter for each category. The sign of the individual regression coefficients and
constancy of sign with the inclusion of additional variables were examined to prevent
spurious correlations. Due to the inclusion of wind and tide terms, the constant term is
not necessarily synonymous with isohaline position at zero flow.

All regression models were subjected to both residuals analysis and verification with
details of the technigques in Appendix 4-B. Verification consisted of applying the
previously derived regression equations to data not used in the development of the
regressions. The 95% confidence interval of estimated values as a function of observed
values was computed for both the initiating and non-initiating data. The overlap of the
two confidence intervals indicated robustness of regression coefficients.

Table 4-4. Flow variables considered as independent variables in regression analyses.

FLOW Daily flow, Myakka River.

DAYS Days required to fill river volume between 50.0 and isohaline km at the daily flow.
VWT45 Variable weighted flow over maximum of DAYS or 45 days
VWT30 Variable weighted flow over maximum of DAYS or 30 days
VWT15 Variable weighted flow over maximum of DAYS or 15 days
VEXWT Variable exponentially weighted flow over maximum of DAYS or 45 days
EXWT3 Exponentially weighted flow over the prior 3 days

EXWT5 Exponentially weighted flow over the prior 5 days

EXWT7 Exponentially weighted flow over the prior 7 days
LNFLOW Natural log transformation of (FLOW+10)

LNVWT45 Natural log transformation of (VWT45+10)

LNVWT30 Natural log transformation of (VWT30+10)

LNVWT15 Natural log transformation of (VWT15+10)

LNVEXWT Natural log transformation of (VEXWT+10)

LNEXWT3 Natural log transformation of (EXWT3+10)

LNEXWT5 Natural log transformation of (EXWT5+10)

LNEXWT7 Natural log transformation of (EXWT7+10)

FLORATE3 Change in flow rate, method 1, 3 days prior

FLORATE3B Change in flow rate, method 2, 3 days prior

FLORATES Change in flow rate, method 1, 5 days prior

FLORATESB Change in flow rate, method 2, 5 days prior

LAGDAYS Daily flow, DAYS (see above) prior

LAG_5DAYS Daily flow, DAYS/2 prior

LAG_25DAYS Daily flow, DAYS/4 prior

LAG_1 Daily flow, Myakka River, 1 day prior

LAG_2 Daily flow, Myakka River, 2 days prior

LAG_3 Daily flow, Myakka River, 3 days prior

LAG_5 Daily flow, Myakka River, 5 days prior

LAG_7 Daily flow, Myakka River, 7 days prior

LAG_10 Daily flow, Myakka River, 10 days prior
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PFLOW Daily flow, Peace River at Arcadia

PVWT45 Variable weighted flow over maximum of DAYS or 45 days
PVWT30 Variable weighted flow over maximum of DAYS or 30 days
PVWT15 Variable weighted flow over maximum of DAYS or 15 days
PVEXWT Variable exponentially weighted flow over a maximum of DAYS or 45 days
PEXWT3 Exponentially weighted flow over the prior 3 days

PEXWT5 Exponentially weighted flow over the prior 5 days

PEXWTY7 Exponentially weighted flow over the prior 7 days

LNPFLOW Natural log transformation of (PFLOW+10)

LNPVWT45 Natural log transformation of (PVWT45+10)

LNPVWT30 Natural log transformation of (PVWT30+10)

LNPVWT15 Natural log transformation of (PVWT15+10)

LNPVEXWT Natural log transformation of (PVEXWT+10)

LNPEXWT3 Natural log transformation of (PEXWT3+10)

LNPEXWT5 Natural log transformation of (PEXWT5+10)

LNPEXWT7 Natural log transformation of (PEXWT7+10)

BSFLOW Daily flow, Myakkahatchee Creek

BSDAYS Number of days required to fill Creek and a portion of the river volume (see text).
BVWT45 Variable weighted flow over maximum of BSDAYS or 45 days
BVWT30 Variable weighted flow over maximum of BSDAYS or 30 days
BVWT15 Variable weighted flow over maximum of BSDAYS or 15 days
BVEXWT Variable exponentially weighted flow over maximum of BSDAYS or 45 days
BEXWT3 Exponentially weighted flow over the prior 3 days

BEXWT5S Exponentially weighted flow over the prior 5 days

BEXWT7 Exponentially weighted flow over the prior 7 days

LNBSFLOW Natural log transformation of (BSFLOW+10)

LNBVWT45 Natural log transformation of (BSVWT45+10)

LNBVWT30 Natural log transformation of (BSVWT30+10)

LNBVWT15 Natural log transformation of (BSVWT15+10)

LNBVEXWT Natural log transformation of (BSVEXWT+10)

LNBEXWT3 Natural log transformation of (BSEXWT3+10)

LNBEXWT5 Natural log transformation of (BSEXWT5+10)

LNBEXWT7 Natural log transformation of (BSEXWT7+10)

Regression Modeling

Weather data were not available for the entire period for which flow data existed or
which simulations were desired. In order to calculate isohaline positions over an
extended period, the weather variables were set to constant values (the mean conditions
observed in the initiating data) for all simulations. The approach provided weather-
neutral simulations of isohalines and allowed for comparisons between the positions of
different isohalines whose raw observations may have been collected on different days
and under different weather conditions.

A similar approach was followed for the predicted tidal variables, replacing any
significant tidal terms with fixed values. Inclusion of weather and tide variables in the
original regressions almost always enhanced regression significance, resulting in greater
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confidence that all major variables affecting isohaline position or salinity had been
represented. As weather and tides will not be management issues, however, fixing
weather and tide variables allowed regression results between measured flows and
altered flow scenarios to concentrate on salinity changes that may result from altered
flows alone.

4.2.5 Inflow Scenarios

Regression results, together with mean weather conditions, were used to generate a
daily record of isohaline positions and salinity at fixed stations. October 1, 1980 through
December 31, 2004, was established as the modeled period for all simulations, and was
limited by the duration of available Myakkahatchee Creek flow data. The simulation
performed using the observed flows during this period was termed the ‘baseline’
simulation.

As discussed in Sections 2.4.2.2 and 2.4.2.3, increasing trends in streamflow at the
Myakka River near Sarasota gage have been attributed to the effects of changes in land
and water use in the upper Myakka River sub-basin, particularly a large increase in
irrigated crops. Minimum flow studies on the upper Myakka River (SWFWMD 2005a)
approximated this influence at 26 cfs and 22 cfs in the fall/winter and spring seasonal
blocks, respectively, at the Myakka River near Sarasota gage. However, daily estimates
for excess flows at the gage site that were predicted by a detailed MIKE SHE integrated
model of the upper river sub-basin were available when the minimum flow analysis for
the Lower Myakka River was conducted.

Model generated values for total excess flows and excess flows due to agriculture for the
period May 15, 1994 to April 30, 2006 were provided to Mote Marine by the District, after
adjusting these values as described in Sections 8.2.1 and 8.2.2. Agricultural and total
excess flows applied during periods before modeled data were available were
constructed as the 7-day moving average of the day-of-the-year median modeled values
from May 15, 1994 to April 30, 2006, and ranged from 7 to 100 cfs. Though these
estimated excess inflow values were used in the regression models to predict salinity in
the river before May 15, 1994, the District only used results from 1995-2004 that
included the adjusted excess flows from the MIKE SHE model to determine the minimum
flows.

The adjusted excess flow values were subtracted from the gaged records at the Myakka
River near Sarasota gage to evaluate the effect of removing the excess flows on the
salinity characteristics of the estuary. Additional scenarios involved removing
percentages of the remaining flows at the Myakka River near Sarasota gage. A more
detailed discussion of the selection of the baseline period and the flow reduction
scenarios that were used in the minimum flows analysis is presented in Sections 7.4
through 7.6.

The Myakka River has been subjected to other hydrologic alterations that would not be
expected to be visible in the gage record at the Myakka River near Sarasota. These
alterations are not presently included in the following evaluations. Flow decreases of
approximately 20% likely occurred in the river below Rocky Ford due to the diversions of
152 sg. km of upper Cowpen Slough from the Myakka River to Dona Bay in 1916-1920
(the gage area of the Myakka River near Sarasota is 593 sg. km). As discussed in
Section 2.4..1.1 (pages 2-24 through 2-27), the Blackburn Canal has diverted additional
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water from the river with the rate of diversion increasing with increased Myakka flow. It
should be kept in mind that regressions were developed from data primarily collected
when all three alterations were in effect (1995-2005), but only the increased excess
flows were quantified and accounted for in the gage data used as the primary
independent variable in the salinity regressions.

4.3 Tides

The entire study area downstream of river kilometer 28 was tidal (although not
necessarily saline), with mixed, semi-diurnal tides (Figure 4-5). Using data from the
three U.S. Geological Survey continuous recorders, median stage levels for 2004 were
0.77, 1.04, 1.06 feet (NGVD29) for El Jobean, North Port Charlotte (U.S. 41), and Snook
Haven respectively. Median diurnal ranges of stage were 2.22, 2.07, and 1.65 feet, for
the three stations during the same period. Lags of tidal maxima and minima varied
between the three stations but ranged from one to two hours (Figure 4-6).

Stage elevations due to increased flow were clearly apparent at Snook Haven (Figure 4-
7). Despite the high water levels, a tidal signal remained apparent, although was
reduced once elevations exceed 4 ft. A more modest stage elevation due to flow
appeared at North Port Charlotte. Stage fluctuations remained dominated by tidal
signals, even under high flow conditions.
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Figure 4-5. Mixed, semi-diurnal tides of the Myakka River and concordance
between stations. Dots indicate midnight.
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Figure 4-6. Representative differences between stations in the timing and
amplitude of tides on the Myakka River.
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Figure 4-7. Tide and flow related changes in stage along the Myakka River.
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4.4 General Hydrology

Daily flows for the Myakka River period of record are illustrated in Figure 4-8. The log
scale depiction clearly indicates the reduced incidence of flows below 10 cfs since the
late 1970’s. The increase in flow is not accompanied by any monotonic trend in annual
rainfall amounts (1950-2000), although longer term climatic variations were noted
(Wade, et al., 2003). No step-trend in dry season (November through June) rainfall was
apparent. Lack of overall rainfall trends, coupled with significant increases in specific
conductance in the dry season, have resulted in dry season flow increases being
attributed to groundwater contributions to the River from reject agricultural irrigation
(SWFWMD 2005a).

Time series plots of daily flows were also examined for the seasonal blocks described on
page 2-30. These results indicate that the incidence of flows less than 10 cfs had
declined in all seasons (Figure 4-9), not just during the spring dry season (Block 1). The
issue is complicated by apparent increases in wet season rainfall (Figure 4-10) linked to
global scale climatic indices (Atlantic Multidecadal Oscillation, or AMO, see Enfield, et al.
2001).

Approximate flow percentiles for the entire period of record for the Myakka River, Peace
River, and Myakkahatchee Creek appear in Table 4-5. Values of flow percentiles for the
1980-2005 period were somewhat higher, except in the highest percentiles. Daily
correspondence of flow between the Myakka River, Peace River, and Myakkahatchee
Creek vary widely (Figure 4-11), indicating complexity of watershed influences and
spatial variability of rainfall events. Normalized for watershed area, calculations of
annual runoff from the Peace and Myakka basins (at the respective gauge locations)
indicate a general correspondence early in the record, with a divergence (increasing
runoff in the Myakka River, decreasing runoff in the Peace River), which began in the
early 1960’s (Figure 4-12).
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Figure 4-8. Time series of daily flow for the Myakka River near Sarasota
(U.S.G.S. Gage 02298830), period of record, log scale.
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Period of record for
Myakkahatchee Creek (10/1/1980-12/31/2004) is less than that used for

DRAFT
Table 4-5. Flow percentiles for selected stations (cfs).
the Peace or Myakka Rivers (9/1/1936 — 12/31/2005).
Myakka R. Myakka R.
near Sarasota near Sarasota
Percentile 1936-2005 1936-1979
1 0 0
5 0 0
10 1 0
20 9 3
25 15 6
30 24 11
40 48 31
50 83 64
60 136 116
70 226 207
75 295 276
80 386 376
90 690 719
95 1103 1141
99 2265 2280
10 Dry Season Oct-May
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Myakka R. Peace R. Myakkahatchee
Near Sarasota  near Arcadia Cr.
1980-2005 1936-2005 1980-2004
0 41 8
7 88 8
13 121 9
27 184 12
35 213 14
45 247 15
72 342 20
109 478 26
153 685 38
253 1010 59
315 1240 78
400 1570 108
648 2791 214
1020 4300 359
2226 8382 795
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Figure 4-10. Apparent increase in monthly rainfall during the wet season over the
period of record from 1915 to present’.

!Data source: River basin rainfall summaries on the SWFWMD web site
http://www.swfwmd.state.fl.us/data/wmdbweb/rainfall data summaries.php. These data

represent estimated long-term rainfall records in which the data used to calculate basin

rainfall totals can vary between time periods based on the rainfall gages in operation.

Basin totals may be calculated from gages near, but not within, the drainage basin.


http://www.swfwmd.state.fl.us/data/wmdbweb/rainfall_data_summaries.php
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Figure 4-11. Correspondence of daily flows between the Myakka and Peace
Rivers (1936 to 2005) and Myakkahatchee Creek (1980-2005), with
linear smooths illustrated.
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Figure 4-12. Annual runoff from the Peace, Myakka, and Myakkahatchee Creek
basins (at the respective gage locations).
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Runoff from the Myakkahatchee Creek basin (seen in flow data available since
October,1980) was generally between that of the Peace or Myakka Rivers. These

patterns were reproduced in the decadal compilations of annual runoff values (Figure 4-
13).

Plots of daily Myakka River flow against time (Figure 4-14) revealed the typical annual
pulses of rainfall and flow. Annual patterns of rainfall resulted in flows which included a
small wet season in January-March and a larger wet season which peaked in August-
September, but which could start as early as June and could continue through October
during wet years. Daily flow percentiles (Figure 4-15) indicated a substantial variation
between years in the extreme high flows, and with median flows not exceeding 600 cfs.

On an annual basis, median flows were almost always below 200 cfs (Figure 4-16), but
generally above 25 cfs.
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Figure 4-13. Time series of annual runoff values compiled by decade and
watershed.
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Figure 4-14. Daily flow at U.S.G.S. Station 02298830, Myakka River near Sarasota.



DRAFT August 24, 2010

2000 | | | |

@ O 25th %ile

o 0O  50th %ile

o 1500 = 75th %ile ]

E O 90th %ile

4

©

< 1000 - Block 2 Block 1 Block 3 Block2  —

)

=

o

LL | ]

> 500

IS NN M
L e T | I — S

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
Day

Figure 4-15. Selected daily flow percentiles for the Myakka River.
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Figure 4-16. Time series of selected annual flow percentiles of the Myakka River.
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4.5 Salinity
4.5.2 Observed Salinity Distributions

Over 18,000 salinity observations at discrete depths and locations were retrieved for the
general study area. Truncation of data to stations within the spatial selection criteria and
to surface and bottom observations resulted in over 9,700 data points. Data were
collected between 1972 and 2005 on approximately 1,600 dates and ranged across river
kilometers -6.2 to 33.5.

Examination of river kilometer sampled for salinity as a function of time (Figure 4-17)
indicated that early sampling in the Myakka River (with short exceptions) was generally
limited to a few stations and not appropriate for depicting whole river salinity conditions.
Sampling over the entire study area was most consistent from 1996-2005 and therefore
was used predominantly in the following illustrations of seasonal and spatial
distributions. Flows on the sampling days from 1996-2005 were compared with the
entire period of record (Figure 4-18) and indicated that low flows were slightly higher
during 1996-2005 samplings when compared to 1936-2005. The salinity and isohaline
distributions described for 1996-2005, therefore, were likely shifted downriver relative to
the entire period of record.
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Figure 4-17. Date and river kilometer of salinity sampling in the Myakka River.
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Figure 4-18. Relative distribution of Myakka River daily flows between the period
of record (1936-2005) and the sampled flows in 1996-2005.

The temporal pattern of salinity in the Myakka River was extremely variable. The entire
study area (roughly -6 to 28 km) could at times be completely dominated by either salt or
fresh water (Figure 4-19). On a seasonal basis, May and June experienced the most
saline conditions (Figure 4-20) while August and September were the least saline, but
interannual variation was high.
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Figure 4-19. Distribution of salinity within the Myakka River study area, by year
and month.
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Figure 4-20. Distribution of salinity within the Myakka River study area, by
month, 1996-2005.

A monthly time series of salinity data by 5 km river segments (Figures 4-21 and 4-22)
and by month (Figure 4-23 and 4-24) emphasized both spatial and temporal variability.
For the lower river, January through June experienced the highest salinities. The upper
river, however, generally experienced salinity maxima restricted to May and June, with
the most saline conditions generally recorded in June.

The 1996-2005 period, however, did not include the furthest upriver penetration of
salinity in the entire database. In May of 1975 and May of 1976, salinity near 9.0 psu
was recorded at Border Road (33.5 km). Salinity near 8.0 psu was recorded in July
1985. No other salinity above 1.0 psu was ever recorded above 33.5 km. Salinity
distributions by block (Figure 4-25) indicated that the largest seasonal range in salinity
occurred near the 5 to 10 km region of the river.

Diurnal tidal variation in salinity (1996-2005) was approximated from the database of
discrete salinity observations as the standard deviation among salinities of a given
station and depth category on any given day. Standard deviations were always less
than 4.0 psu and had median values of less than 1.0 psu, with relatively consistent
behavior over the length of river and the flow conditions sampled. From data collected
on two dates which sampled fixed stations on a successive high and low tide, salinity
variation was 5-10 psu between tides, with reduced variation at both upriver and
downriver regions.
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Figure 4-22. Monthly time series of salinity distribution for selected segments of
the Myakka River, continued
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Figure 4-25. Seasonal distribution of salinity within the Myakka River study area,
by selected river intervals, 1996-2005.

Diurnal variation measured by continuous recorders (15 minute data; Figure 4-26) was
comparable to that estimated from the discrete samples, with median diurnal variations
of 5 psu at El Jobean and 3 psu at U.S. 41 (North Port Charlotte). Tidal variations in
salinity declined during higher flow periods (after February 22 in Figure 4-26) as
salinities reached less than 1 psu, and were seldom observed at Snook Haven.
Variation in daily mean salinity (Figure 4-27) was lower than that determined from the
continuous data at the respective stations and was typically the lowest under the least
saline conditions.

Salinity stratification data (1996-2005) indicated that stratification was modest with
minimal stratification above 14.0 km and values generally less than 1-2 psu for stations
below 14.0 km (Figure 4-28). Frequent stratification of 5.0 psu or greater was generally
limited to below river kilometer 1.0 and to flows at or above the 80" percentile (386 cfs)
(Figure 4-29). Stratification above 10.0 psu was generally limited to below 0.0 km and to
flows at or above the 90™ percentile (690 cfs). Figure 4-30 summarized the relationship
of stratification with both flow and location and also illustrated that, under high flow
conditions, the zone of little stratification moved downstream as the river became
exclusively fresh in the upper reaches.

Stratification at continuous recorders displayed similar patterns, generally 1.0 psu or less
at the U.S. 41 bridge, and 5-6 psu or less at El Jobean (Figure 4-31). Stratification at
Snook Haven was negligible. At El Jobean, stratification when flows were above 1300
cfs was minimal due to the prevailing fresh conditions. The fresh water threshold where
no further stratification was observed was reached at ~500 cfs for the North Port
Charlotte gage. Daily variation in stratification observed in 15 minute data (Figure 4-32)
was comparable to that observed from daily mean values.
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Figure 4-26. Tidal variation in salinity at El Jobean (red) and North Port Charlotte
(green), relative to tidal variation in stage at El Jobean (black).
(Note the depressed salinities after February 22 with little alteration
in stage at El Jobean.)
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between figures.
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Figure 4-28. Distribution of salinity stratification by river kilometer, 1996-2006.
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Figure 4-32. Continuous record of bottom salinity (red), stratification (bottom
minus surface salinity, black), and Myakka River flow (magenta) at
three selected locations.
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45.3 Interpolated Isohaline Positions

Distributions of interpolated isohaline positions from 1996-2005 appear in Figure 4-33
and emphasize the wide range of conditions experienced by the entire river. Modest
stratification values produced surface isohaline positions slightly downstream from
bottom isohaline positions. Distributions of isohaline position within a given month
(Figures 4-34 to 4-35) indicated a broad range of salinity conditions even within a
particular season. The 24.0 psu isohaline did not appear in the study area in August and
September of 1996-2005. Relationships of relative isohaline positions with respect to
flow percentiles (Figure 4-36) were as expected.

4.5.4 Isohaline Regressions

From the salinity data described above, over 5,400 isohaline locations were computed,
of which over 3,500 met the criteria of having been computed from two successive
stations separated by 6 km or less and 7 psu or less. Data restricted by these criteria
were collected between 1983 and 2005 and distribution of data among isohalines
appeared in Figure 4-37. The relatively few observations of the 28 psu isohaline were
clearly evident and justified eliminating this isohaline from consideration. The 24 psu
isohaline was present within the study area only during low flow periods, indicated by the
reduced number of observations relative to other isohalines.
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Figure 4-33. Distribution of calculated surface and bottom isohaline positions,
1996-2005 (1.0 psu not shown).
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Figure 4-37. Distribution of data available for regression analyses, by isohaline,
surface and bottom combined.

For isohaline position, linear model form was optimized with a river kilometer to In(flow)
relationship (Figure 4-38 to 4-39). Preliminary regressions indicated that isohaline
position estimates, while generally excellent, tended to be underestimated at low flow
(estimated too far downstream relative to observed) and over estimated at high flow (not
downstream enough). This result was attributed to river volume estimates constructed
from a single datum (mean sea level) extrapolated the length of the river. In actuality,
water level elevations were expected to increase slightly upstream as a result of both
topography and control structures such as Rocky Ford and Downs Dam. Therefore, the
effective river volume of the upper river may actually be larger (and flow weighting
periods longer) than estimated. River volume is included in the regression indirectly as
a component of the DAYS parameter (see Appendix 4-B).

Under high flow conditions, position estimates were often located further upstream than
observed. This effect could be attributed to an effective reduction in river volume
produced by salinity stratification (bottom minus surface salinity). While stratification
appeared downstream of river kilometer 10.0 (the County line), surface and bottom
separation of salinity increased greatly downstream of 0.0 km (Cattle Dock Point). Both
locations are marked by a widening of the river. As stratification is dependent on
buoyancy and shear forces and is also strongly affected by bathymetric features,
stratification was not calculated as part of the isohaline position calculation and therefore
could not be included isohaline regressions.



DRAFT

Position (km) Position (km)

Position (km)

=
o

o

August 24, 2010

Flow, Myakka River (cfs)

[
2.0 PSU Isohaline
o
g o
° 8
o8 —
& o
O@ O§ o © o § % 8 o g b
e} % 5 gOQ o 8 o —
| |
1000 2000 3000
[ [
8.0 PSU Isohaline
)
@ p—
& é o
QY R g © po o
; 3 OQ) o 8o g 5 o
|50 o Oo %%%3 o O% ° o o _
o g9 @oo ) Q 08 o o o
O OO g (@)
| |
1000 2000 3000
[ [
20.0 PSU Isohaline
o
o © © ]
OSD 8 o
° 4 o
° .o o
| |
1000 2000 3000

Figure 4-38. Salinity to flow relationships of selected isohalines illustrating a
varying response to flow and leading to differences in model form.
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Additionally, significant flow terms in the preliminary regressions of higher isohalines
were limited to those from the Peace River. In an effort to limit bias in estimated
isohaline positions and to maximize the detection of potential influence of the Myakka
River on isohaline position, isohaline regressions and simulations were limited to above
0.0 km. Limiting the spatial scope of the regression model improved correlation
coefficients for the higher isohalines, most likely by limiting stratification effects as the
higher isohaline relationships remained dominated by Peace River flow terms.

Final results of isohaline regressions appear in Table 4-6 as significant independent
variables and adjusted multiple r* for each isohaline and depth. Regression coefficients
were standardized to allow for the comparison of the relative importance of the individual
terms. All terms were significant at the p=0.05 level or better. Regressions were
significant at p<0.001. Standard errors of the estimate ranged from 2.0 km for the 1.0
psu isohaline to 3.5 km for the 24.0 psu isohaline and generally increased with salinity.
Regression verifications uniformly indicated that regression coefficients were robust for
the remainder of the isohaline data. Tabulated regression coefficients, detailed
regression outputs, residuals analyses, and graphic results of regression verifications
appear in Appendix 4-C.

Wind stress or direction was significant for all surface isohaline positions except for 20
and 24 psu. For bottom data, wind stress or direction was significant for the 8.0 psu and
lower isohalines. A tidal parameter was significant for all surface isohalines and for
many of the bottom isohalines as well. Myakka River flow (as the natural log transform
of the variably weighted flow to a maximum of 45 days) was significant for all isohalines
of 12.0 psu and below. When Myakka River flow was included as a significant term, it
appeared to be the most dominant, based on standardized coefficients, with the
exception of 12.0 psu. The natural log transform of the variably weighted flow of the
Peace River at Arcadia was significant for all isohalines modeled (1.0 through 24.0 psu),
with an increased weight at the higher isohalines, indicating the importance of boundary
conditions. Isohalines of 16.0 or greater displayed no significant relationship with
Myakka River flows and were correlated with Peace River flows alone. The 8.0 and
12.0 psu surface and bottom isohalines displayed a dependence on change in Myakka
River flow rates as well. Flows from Myakkahatchee Creek proved to be significant only
for the surface 8.0 psu isohaline.
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Table 4-6. Regression models of surface and bottom isohalines in the Myakka River. Regression coefficients are standardized, to indicate
relative importance of each term.

Isohaline/Depth 1.0 S (Surface) 2.08 4.08 8.0S 12.0S 16.0S 20.08 24.08

Wind COS_WD6 0.15 COS_WD6 0.12 COS_WDS26 0.11 COS_WDS26 0.09 COS_WDS23 0.18 COS_WD 0.18 - - -

Tide - - RATE_3M 0.09 RATE_6M 0.10 RATE_6M 0.14 MAXRATE_6 0.10 RATE_3M 0.18 MIN_RATE -0.23 PRED_M_SEA 0.48
Myakka flow LNVWT45 -0.73 LNVWT45 -0.69 LNVWT45 -0.60 LNVWT45 -0.53 LNVWT45 -0.33 - - - - -

Peace Flow LNPVWT45 0.17 LNPVWT45 0.24 LNPVWT45 -0.33 LNPVWT45 -0.24 LNPVWT45 -0.54 LNPVWT45 -0.75 LNPVWT45 -0.78 LNPVWT45 -0.76
Myakkahatchee

Flow - - - - - - LNBSVEXWT -0.23 - - - - - - -

Change in Flow - - - - - - FLORATESB 0.23 FLORATESB 0.18 - - - - -

n= 9 88 84 84 83 71 84 30
Adj Mult R"2 0.80 0.85 0.87 0.86 0.81 0.74 0.66 0.49
S.E.of Estimate 23 2.1 22 22 27 3.1 29 32
Isohaline/Depth 1.0 B (Bottom) 2.0B 4.0B 8.0B 12.0B 16.0B 20.0B 24.0B

Wind COS_WD6 0.18 COS_WD6 0.15 COS_WDS26 0.15 COS_WDS23 0.16 - - - - - -

Tide RATE_MEANL 0.09 RATE_6M 0.09 RATE_6M 0.11 RATE_MEANL 0.13 - MAXRATE_3 0.16 -

Myakka flow LNVWT45 -0.74 LNVWT45 -0.74 LNVWT45 -0.60 LNVWT45 -0.54 LNVWT45 -0.47 - - - -

Peace Flow LNPVWT45 -0.15 LNPVWT45 -0.18 LNPVWT45 -0.32 LNPVWT45 -0.36 LNPVWT45 -0.44 LNPVWT45 -0.80 LNPVWT45 -0.77 LNPVWT45 -0.60
Myakkahatchee

Flow - - - - - - - - - - - - - - -

Change in Flow - - - - - - FLORATESB 0.15 FLORATESB 0.09 - - - - -

n= 97 89 81 73 116 118 68 39
Adj Mult R"2 0.84 0.88 0.87 0.86 0.78 0.64 0.63 0.34
S.E.of Estimate 2.0 1.9 2.1 2.2 3.0 33 33 35
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455 Isohaline Modeling and Response to Flow

Using the derived regression coefficients, flow records from the Myakka River, Peace
River, and Myakkahatchee Creek, and the mean weather and tide variables of the
initiating isohaline data, isohaline positions were modeled from October 1, 1980 through
2004, the maximum period for which all three flow variables were available. The
baseline simulation period had the advantage of capturing the extremely dry period of
1984-1985, as well as a number of high flow periods. The use of mean weather and tide
conditions as inputs were further indicated as the weather and tide variables used for
regression development were in hourly time steps while flow data were daily values. In
addition, by using mean weather and tide condition values, modeled isohaline positions
were both weather and tide neutral and could be compared with one another (but no
longer corresponded precisely to interpolated isohaline positions from which regressions
were developed). Modeling isohalines with mean weather and tide conditions also
permitted a ready comparison of isohaline behavior under possible flow alteration
scenarios. Distribution of flow between the period of record (1936-2005) and the
baseline period (1980-2004) was illustrated in Figure 4-40 and indicated that modeled
isohaline distributions may have been dislocated downstream relative to the entire
period of record and indicated that 1980-2004 experienced higher low flow values than
did 1936-2005, consistent with the increases in base flows noted since the 1970’s.

Isohaline modeling was limited spatially to above river kilometer 0.0. Limits placed on
flow variables during regression modeling and range of the initializing data further limited
modeling to the maximum flows listed in Table 4-7. The maximum modeled Myakka
River flow of 2,115 cfs was selected based on the 99" percentile of the parameter within
the initiating data.

Table 4-7. Maximum flows (and parameter designations) for isohaline regression
models.
Flow Term Maximum cfs
Variably weighted flow, Myakka River, 45 day maximum (VWT45) 2,115
Change in flow rate, Myakka River (FLORATES5B) +/- 200
Variably weighted flow, Peace River, 45 day maximum (PVWT45) 8,000

Variably weighted flow, Myakkahatchee Creek, 45 day maximum (BSVWT45) 600

A time series of selected isohalines modeled with mean weather and tide appears in
Figures 4-41 to 4-43 together with observed isohalines. Lack of a modeled isohaline
may be due to missing Myakkahatchee Creek flow data or any flow data exceeding the
flow terms described in Table 4-7, above. While recalling that isohalines are modeled
with mean weather and tide data while observed isohaline position was subject to
specific conditions, the agreement between observed and modeled provides visual
confirmation of the strength of the regressions. Surface and bottom modeled isohaline
positions were typically offset to the small degree expected for the minimal stratification
in the river.
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Figure 4-40. Comparison of daily flow distribution between the period of record
(1936-2005) and the modeled baseline period (1980-2005).
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Figure 4-41. Modeled surface 2.0 psu isohalines (weather and tide neutral), daily
flow of the Myakka River, and observed isohaline position (blue
circles, with specific weather and tide).
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Figure 4-42. Modeled surface 8.0 psu isohalines (weather and tide neutral), daily
flow of the Myakka River, and observed isohaline position (blue
circles, with specific weather and tide).
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Figure 4-43. Modeled surface 16.0 psu isohalines (weather and tide neutral), daily
flow of the Myakka River, and observed isohaline position (blue
circles, with specific weather and tide).
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Selected modeled surface isohalines and time periods were illustrated in Figures 4-44 to
4-47. Myakka flows were truncated at or below 2115 cfs. Even during the extremely dry
period of 1984, the 24.0 psu isohaline was only present above 0.0 km for some portions
of the year. All isohalines did not display precisely the same timing of amplitudes, due to
the differing flow variables in each regression model. In 1997, all isohalines were not
simulated throughout the year as the latter part of 1997 was extremely wet and
exceeded the flow ranges from which regressions were developed. Despite being
constructed from differing variables, however, modeled isohalines generally responded
in a coherent fashion, as illustrated in early April and early September, 1997.

Similarly, modeled data from 2002 displayed an appropriate response to flow increases.
In August, however, the 16.0 psu isohaline was illustrated as further upstream than the
8.0 psu isohaline. The modeled transposition of isohalines was the result of flow
increases in the Peace River that were not mirrored in either the Myakka River or
Myakkahatchee Creek and the differing variables contained within each regression.
Similar transpositions of modeled isohalines occurred when flow records or even ratios
of flow deviated substantially from the typical initiation condition values or ratios.

45.6 Fixed Station Regressions

Regressions of fixed station salinity at the surface and bottom, residuals analyses,
verifications and modeling of salinity estimates were conducted, similarly to those
described for isohaline regressions. Regression input data were again limited to
weighted Myakka flows of 2115 cfs or below. Some differences in optimum linear model
form were present as above certain flows, salinities reached zero and no longer varied
with increasing flow, particularly for upper river stations (Figures 4-48 to 4-50).

For salinity at fixed stations, salinity to In(flow) provided the best results at the most
downriver station, while the remainder of the stations exhibited best fits with In(salinity)
to In(flow) forms. Even with this alteration, distributed residuals were present for stations
at and above U.S. 41 (~12 km). Residuals indicated a critical value of Myakka River flow
above and below which relationships were more linear but differed from one another.
Regressions were therefore conducted piecewise, with flow breakpoints of 400 cfs for
surface data at the County line (~12 km), 120 cfs for surface and bottom data near
Rambler’'s Rest (~22 km), and 50 cfs near Snook Haven (~28 km). As salinities were
very low, with little variation under the higher flow conditions, regressions of the upper
flow range often resulted in no significant Myakka River flow terms.

The drawback to the In(salinity) model form, however, arose in the back transformation
of salinity. While the model minimized the residuals of In(salinity), the difference
between observed and modeled salinity (e ) was greatest for the high salinity
portion of the model, at times computing physically unreasonable values. Regardless of
this shortcoming, the models captured the breakpoints in flow at which low salinity
values began to rise (Figure 4-51). As such, the In(salinity) forms of fixed station models
were judged to provide a useful tool for determining threshold flows for the Myakka River
and for establishing monitoring stations and station-specific salinity criteria.
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Figure 4-44. Modeled time series of selected isohalines and Myakka River flow
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Figure 4-45. Modeled time series of selected isohalines and Myakka River flow
during 1997.
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Results of fixed station salinity regressions appeared in Table 4-8 as standardized
coefficients. Appendix 4-D contains detailed regression outputs, residuals analyses, and
model verification results, analogous to that provided for isohaline modeling.

Significant flow variables for salinity modeling were more varied between stations than
was observed for the isohaline modeling. A portion of this result was attributable to the
more varied data set used for input. As data were selected based only on geographic
location, many agency efforts were included, even efforts where only a single station
was sampled in a day. These data necessarily captured a larger variety of flows.
Isohaline modeling, on the other hand, was restricted to those computed from pairs of
stations relatively close together. These data, therefore, were generally collected during
efforts in which multiple stations were sampled on the river, with a number of isohalines
sampled under similar flow conditions.

Tide and wind variables were significant at many stations and depths. Flows from the
Myakkahatchee Creek were significant for the surface of the stations at U.S. 41 and
downstream. Since U.S. 41 is upstream of the confluence of Myakkahatchee Creek with
the river, this was another example of downstream flows influencing boundary conditions
for upstream stations. The Peace River flows were again significant for stations in both
the upper and lower river. Myakka River flows generally were not significant for the
higher flow regressions of surface data at U.S. 41 and above. When significant, Myakka
River flows typically accounted for the most variation in salinity. The change in flow rate
of the Myakka River was a significant variable for surface salinity at Snook Haven under
low flow conditions.

4.5.7 Fixed Station Modeling and Response to Flow

Modeling of salinity at the selected fixed stations was conducted analogously to
isohaline position modeling with the exception that, as kilometer positions were fixed, no
iterative process was required to compute the required flow weighting terms. Based on
the limits placed on Myakka River flow in the input data (2,115 cfs, 99%-ile of input
flows), modeling limits for all flow terms were established and were listed in Table 4-9.
Modeling was performed for 1980-2005.
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Table 4-8. Regression models of fixed station salinity in the Myakka River. Regression coefficients are standardized.

Km - Designation 28-SH 28-SH 22-RR 22-RR 18-41 18 - UsS41 12-CL 4-EJ

Flow Range 50-2115 0-49 120-2115 0-119 400-2115 0-399 0-2115 0-2115

Dependent Variable LNSAL LNSAL LNSAL LNSAL LNSAL LNSAL LNSAL SAL_PSU2

Wind - - COS_WDS26 0.35 - - COS_WD 0.27 COS_WD6 0.43 COS_WDS26 0.17 COS_WD 0.10 -

Tide MAXRATE_3  0.23 RANGE_TIDE ~ -0.23 - - MAXRATE_6 0.33 - - RATE_MEANL  0.17 TIDE_MEANL -0.18 RATE_6M 0.22
Myakka Flow - - LNVWT45 -0.51 - - LNVWT45 -0.50 - - LNEXWT7 -0.75 LNEXWT7 -0.57 -

Peace Flow LNPVEXWT  -0.50 - - LNPEXWT7 -0.63 - - - - - - - - LNPVEXWT -0.57
Myakkahatchee Flow - - - - - - - - LNBSVWT30  -0.52 - - LNBSEXWT7 -0.29 LNBSVWT45 -0.33
Change in Flow - - - - - - - - - - - - - - -

n= 205 49 45 47 18 82 120 147
Adj Mult R*2 0.27 0.42 0.38 0.53 0.35 0.62 0.81 0.82
S.E. of Estimate 0.72 0.73 0.20 0.94 0.38 0.98 0.62 3.02
Km - Designation 28-SH 28-SH 22-RR 22-RR - - 18 - Us41 12-CL 4-EJ

Depth B B B B B B B

Flow Range 50-2115 0-49 120-2115 0-119 - - 0-2115 0-2115 0-2115

Dependent Variable LNSAL LNSAL LNSAL LNSAL - - LNSAL LNSAL SAL_PSU2

Wind - - - - - - COS_WDS23 0.37 - - COS_WDS2 0.22 - - -

Tide MAXTIDE_6  0.36 - - - - MAXRATE_6 0.27 - - TIDE_MEANL -0.14 MAXRATE_6 0.26 RATE_6M 0.22
Myakka Flow LNVWT45 -0.59 LNEXWT7 -0.67 LNVWT45 -0.33 - - LNVEXWT 0.51 LNEXWT7 -0.50 LNVEXWT 041
Peace Flow LNPVWT45 -0.64 - - - - LNPVEXWT -0.32 - - LNPEXWT7 -0.34 - - LNPEXWT7 -0.25
Myakkahatchee Flow - - - - - - - - - - - - LNBSVWT30 -0.41 LNBSVEXWT -0.21
Change in Flow - - FLORATE3 0.39 - - - - - - - - - - -

n= 32 22 38 35 57 69 111
Adj Mult R*2 0.28 0.43 0.43 0.67 0.81 0.85 0.74
S.E. of Estimate 0.50 0.85 0.20 0.78 0.67 0.55 3.28
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Table 4-9. Maximum flows for fixed station salinity regression models.
Flow Term Maximum cfs
Variably weighted flow, Myakka River, 45 day maximum (VWT45) 2,115
Change in flow rate, Myakka River (FLORATE3) +/- 500
Variably weighted flow, Peace River, 45 day maximum (PVWT45) 8,000

Variably weighted flow, Myakkahatchee Creek, 45 day maximum (BSVWT45) 600

Mean weather (wind and tide) conditions from the initiating data were used for modeling
to produce weather-neutral modeled salinity. Where the dependent variable was
In(salinity), back-transformations were performed to present modeled data in salinity
units. Figures 4-52 to 4-53 illustrated the 1996-2005 modeled, weather-neutral surface
salinity together with salinity observations under specific weather conditions to illustrate
the degree of fit of final regressions. General patterns are well captured and when
salinity was elevated, the modeled bottom salinity was generally greater than the surface
salinity, consistent with observed data.

A final verification was possible by superimposing regression modeled, weather neutral,
daily salinity on the daily values provided by the U.S. Geological Survey’s continuous
recorders (Figures 4-54 and 4-55). These data are completely independent and
indicate an excellent overall fit at stations in the upper, middle, and lower river.

Due the larger variety of flow terms in the fixed station regressions (i.e. linearly weighted
flow for one station, exponentially weighted flow for another), there were more salinity
transpositions (the modeled salinity of a station higher than the salinity of a station
further downstream on a given day) than for the isohaline modeling. Without forcing the
use of the same flow variable(s) for each station and suffering the degradation in r?
values, this result was unavoidable. Distributions of the modeled data (Figure 4-56)
indicated that the overlap was relatively minimal and generally limited to higher salinity
values. For the regressions which contained only a single flow variable of either the
Myakka River or Myakkahatchee Creek, modeled salinity could plateau and remain fixed
when the respective flows reached and remained at 0.0 cfs.

4.5.8 Fixed Station Response to Flow and Other Variables

The most value of the continuous recorders was in capturing a unique series of climatic
events in 2004 (Figure 4-57) which illustrated a combined response to weather-driven
stage, rainfall, and flow. The decreases in barometric pressure indicated the nearby
passage of hurricanes Charley (A), Frances (B), and Jeanne (C). While the stage record
was not available for Hurricane Charley at El Jobean, the other two storms resulted in
abrupt increases in stage from wind driven water level increases. Flow and subsequent
stage increases from rainfall then followed the passage of Charley and Frances, and to a
lesser extent, Jeanne. Hurricane Ivan (D) passed the region farther offshore rather than
crossing the state, and resulted in slight wind-driven stage increase with little attendant
rainfall.
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Figure 4-52. Modeled surface salinity at fixed stations (weather neutral)
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conditions).
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Figure 4-55. Modeled daily bottom salinity at fixed stations (weather neutral,
dashed) compared to continuous salinity observations (specific
weather conditions, solid). Note scale change.
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Examination of the data above in more detail, together with salinity records (Figure 4-58)
was interesting in that salinity increases resulted from the wind-driven stage increase in
advance of Hurricanes Frances (A) and Jeanne (B). The higher tidal stage from lvan
(C), however, was insufficient to increase salinity in the presence of high flow levels
produced by rainfall from Frances, and salinity remained low at EL Jobean. Additional
observations were that high flows at the reference gage site (September 10-11)
preceded maximum stages recorded at Snook Haven by two to three days. The series
of observations was a clear example of the necessity of including weather parameters in
any complete simulation of salinity, as salinity increased from 0 to 15 psu during a time
when flow increased only marginally.

4.4 Temperature
Observed Temperature

Monthly temperature distributions (1996-2005) appear in Figure 4-59 and indicated that
June, July, and August were the warmest months. The winter months exhibited a larger
range of temperature. On a quarterly basis there was no significant variation in
temperature between river intervals although the median temperatures of the upper river
appeared slightly warmer in the colder months (Figure 4-60). Over the longer term data
set, annual maximum temperatures from 1975-2005 (Figure 4-61) appear to display an
increasing trend of up to 3° C, a trend not accounted for by any changes in the time of
day of sampling.

Continuous temperature data did not indicate a consistent difference between upriver
and downriver locations (Figure 4-62), in accordance with the discrete observations
discussed above. While seasonally specific patterns might be inferred from small
sections of Figure 4-62 above, further examination of both Figure 4-63 and discrete
sampling data over multiple years indicated that the pattern of temperature with
kilometer was far from uniform during either warm or cold months. Figure 4-63
illustrates both negligible differences during September 2004, and a warmer downstream
in August (by approximately the level of diurnal changes). During any individual month
or sampling, temperature differences between upstream and downstream locations were
generally 2-3 °C or less, but varied as to the warmer location, and did not provide a
consistent relationship with either season or time of day of sampling.
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Figure 4-61. Time series of temperature data collected in the Myakka River.
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Figure 4-62. Time series of continuous temperature data from three selected
locations in the Myakka River.

Periodic depressions of temperature during the colder months (Figure 4-62, above) were
on the order of ~5-7°C, but relationships with forcing functions were complex and
undoubtedly include the combined effects of reduced insolation, increased wind speed,
increased and then decreased cloud cover, rainfall, reduced air temperature, and
reduced river volume (stage) that resulted with the passage of a frontal weather system.
Within the temperature fluctuations during cooler months (Figure 4-63), diurnal patterns
are as expected with ranges of 0.5-3°C and maximum values near 1600-1700 hours
local time. Periodic temperature excursions were less marked during the warmer
months, with dominant forcing functions likely to be insolation, rainfall, residence time,
and stage. Similar diurnal variations were observed in the warmer months, generally
between 2-3 °C.

Predictive models of temperature were not developed. However, to the extent that a
withdrawal scenario significantly reduced stage and river volume and increased
residence time, flow reductions might be expected to increase the diurnal, periodic, and
seasonal variations in temperature. The effect would be complex, as many of the forcing
functions reinforce one another.
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Figure 4-63. Diurnal variations in temperature at three selected locations in the
Myakka River.

4.5 Water Quality

Selected water quality parameters, including dissolved oxygen, chlorophyll a, Secchi
depth, attenuation coefficient, color, total nitrogen, total phosphorus, and inorganic
nitrogen, are illustrated in Appendix 4-F for river intervals as a function of time, season
(month), salinity, temperature, and daily flow of the Myakka. Many of the seasonal,
temperature, salinity, and flow related variations were the direct result of summer wet
season injections of fresh water which contained both nutrients and high concentrations
of colored dissolved organic matter (humic and fulvic acids from decomposing soils and
vegetation).

45.1 Dissolved Oxygen

General seasonal patterns in dissolved oxygen (DO) appear in Figure 4-64. Depressed
DO (below 4.0 mg/l) was a regular seasonal phenomenon (Figure 4-65) and often
extended the length of the study area. On average, upriver stations (above ~10 km)
experienced lower DO by 1-2 mg/l (Figure 4-66). Depressions persisted throughout the
year but were particularly marked in the warmer months of July through September
when upriver concentrations were as much as 3 mg/l lower. The effect was not the
result of warmer temperatures and reduced gas solubility, as the seasonal and spatial
patterns were present in percent saturation data as well.  Any diurnal bias from
sampling up river stations later in the day would have had a tendency to produce higher
DO values upstream, and so the up river depressions were considered to be a true
depiction of river conditions.
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Figure 4-65. Time series of bottom DO in the Myakka River.
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Examination of the DO concentrations of low salinity waters (Figure 4-67) indicated that
depressed values in the upper river (which only occasionally reached hypoxic levels)
were generally limited to below 0.5 psu salinity and to July through September when
temperatures and colors were high. The fact that DO increased as salinity increased to
near 0.5 psu, and that the depressions displayed no pattern with either time of sampling
or water temperature, indicated that the upriver DO depressions were the result of recent
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Figure 4-67. Distribution of DO with respect to salinity for low salinity stations
during September.

additions of low DO, high color, low conductance water, i.e. from floodplain surface
water storage adjacent to the river. Increased DO with the relatively small increase in
salinity was likely the result of turbulence and subsequent re-aeration within the river.

Surface to bottom differences in DO were minimal during the cooler months, but bottom
concentrations during the warmer months often reached hypoxic levels (2 mg/l) and
below, particularly downstream of river kilometer 5.0, and generally in association with
salinity stratification. Hypoxia in Charlotte Harbor has been noted in many years,
primarily associated with salinity stratification during the higher flow events of summer
months (Camp Dresser & McKee, 1998; Heyl, 1998). These hypoxic events have often
extended into the Myakka River study area as well, and while present between June and
October, were generally most severe between July and September.

Further examination of Myakka River hypoxic conditions indicated that, of the surface
observations, nearly all hypoxic surface observations were of very low salinity, and some
distance upstream, as described above. For mid-depth and bottom observations,
however, while there were a modest number of near-hypoxic conditions upriver, the
most observations and most depressed DO levels occurred when salinities were at 10
psu and above and when stratification between surface and bottom salinities exceeded 5
psu (Figure 4-68).



August 24, 2010

DRAFT

o
{ 069000@@ ©
30

OO OO
o
O
R

D ot
20

oomo w/
%0 Y o
foe)
2
& 0 £
81 =
g @
o0&
g °F s
mvaooo@
OO
O
O
O
O
O
o
o

(I/6w) uabAXO panjossig

(1/6w) usbAXQ panjossIq

T T T T
E e
o o
o
‘o e
: O
: O
o ©
o m oo
O]
0] o @@ @]
o o8
m @
m% o @mMu qd
O 00 : O@OOOO
O MO o
g © o 24
Qo, © O 0%
© m e8)
© o)
O @) : O
° o o) o %”o%
0@ 0 04" 0!
o :
o ooooo%uooom%U Ox@u o
@ &O :
© © 2 ) O@@
© @0 ) : @)
O @m@o
o® o 5% ¥ 8

20

15

10

(PSU)

tion

ity Strat

n

Sal

tion

ica

th respect to salinity and salinity strati

ion of DO wi

Distribut

Figure 4-68.

in the Myakka River

4-70



DRAFT August 24, 2010

Examining data from all seasons, it was clear that elevated temperatures (>25°C) in
addition to stratification were required to produce hypoxic conditions (Figure 4-69). In
the few instances for which high flows occurred during winter (15-20°C), significant
stratification did not generally result in hypoxic conditions. Depressed oxygen levels
below the halocline were not associated with unsatisfied water column biochemical
oxygen demand (MML, unpublished data). Hypoxia appeared to be linked to
temperature enhanced sediment respiration and sediment oxygen demand when oxygen
demands were unrelieved by reaeration thru the physical barrier of the halocline.

Spatially, the required stratification conditions and resultant hypoxia generally occurred
below river kilometer 5.0. Below kilometer 0.0, hypoxic conditions were recorded over
a wide variety of flows (Appendix F, Figure 4F-1), while for kilometers 0-5, depressed
oxygen was generally limited to 400 cfs and above (Appendix F, Figure 4F-9), when the
requisite stratification had been produced.

Sampling density, in both space and time, has varied in the region, but since 1990,
hypoxia was recorded during the wet seasons of 1990, 1992, 1994, 1995, 1997, 2001,
2002, 2003 and 2004. From year to year, similar flow events (see 2000, and 2002,
Figure 4-70) resulted in lesser or greater degrees of stratification, with hypoxia either
avoided or produced. An explanatory variable may have been the rapidity of onset of
the wet season. In this and in other instances it appeared that if flows increased
gradually as in 2000, then salinity in the lower river was depressed and the resulting
plume from additional higher flows had insufficient relative buoyancy to result in
stratification. Alternatively, if the wet season began abruptly (2002), then the lower river
was relatively saline, and a moderate increase in flow would have resulted in a buoyant
plume of fresh water, stratification, and subsequent hypoxia.

Multiple linear regressions of DO as a function of both physical and chemical variables
produced complementary results to the above discussion. Surface values of DO were
significantly (p<0.001) correlated with temperature, river kilometer, time of day,
chlorophyll a, salinity, color, and weighted flow, in order of decreasing significance, with
an adjusted multiple r? of 0.45 and a standard error of the estimate of 1.1 mg/l. For
bottom DO observations, significant (p<0.001) regressions employed temperature,
stratification, chlorophyll a, depth of the observation and river kilometer for an adjusted
multiple r* of 0.63 and standard error of the estimate also at 1.1 mg/l. Results of these
regressions appear in Appendix 4-E.

Although DO data were not analyzed for predictive modeling purposes, the above
discussion can be summarized to estimate the impact of any future flow reductions on
DO levels in the river. Flow reductions are unlikely to impact the low salinity, upriver
hypoxic DO levels if these are the product of the addition of DO depressed water from
adjacent flood plain storage (unless reduction techniques include shallow groundwater
withdrawals). Downriver (river kilometer -5 to 5) hypoxic events could be modified by
flow reductions if withdrawals modify the establishment of stratification. Hypoxic events
would likely be reduced if withdrawals either reduced the total flow (perhaps below 400
cfs) or if the rapid increase in flow at the onset of the rainy season is attenuated such
that stratification does not form as rapidly.
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4.5.2 Nutrient and Light Related Parameters

Amounts of color in the Myakka River varied seasonally. Fresh water during January
through June averaged near 100-120 PCU (Figure 4-71). With the onset of the wet
season, fresh water color increased abruptly to between 220 and 270 PCU in July
through October (Figure 4-72). Some instances of color higher than 400 PCU were
observed. Color generally increased with flow but increase flow during the wet season
produced higher colors than flow increases at other times of the year. Downriver, 20 psu
waters were generally near 50 PCU, except during September when color values were
nearer 100 PCU. Due to the dominant influence of dissolved humics and color on water
clarity (Figure 4-73) in the Myakka River, seasonal and flow related patterns were quite
similar for secchi depths and for attenuation coefficients.

General observations on nutrient concentrations included the following points. Dominant
nitrogen forms were organic rather than inorganic. Total nitrogen values averaged near
1.0 mg/l and declined slightly in the downstream direction with increasing dilution and
increasing salinity (Figure 4-74). Seasonal patterns were present with elevated values in
July through October, but inter-annual variation was high (Figure 4-75). For freshwater
stations (salinity < 1.0 psu), both ammonium-nitrogen and nitrate-nitrite-nitrogen
concentrations were generally less than 0.1 mg/l and were comparable in the middle and
upper river. Ammonia concentrations were slightly higher on average during the
warmer, wet season months, while nitrate-nitrite-nitrogen (Figure 4-76) exhibited slightly
reduced values overall during the dry season months of April, May, and June. Below
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Figure 4-71. Seasonal relationship of color with respect to salinity in the Myakka
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Figure 4-72. Seasonal distribution of color in the freshwater stations (salinity
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Figure 4-73. Water clarity (secchi depths) as a function of water color in the
Myakka River.
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river kilometer 0.0, ammonium forms were the dominant inorganic nitrogen species
(Figure 4-77). Nitrite concentrations were minimal relative to nitrate concentrations. The
increase in inorganic nitrogen concentrations above river kilometer 10 was
approximately coincident with a decrease in salinity below 20 psu. A few instances of
high inorganic nitrogen concentrations (>0.5 mg/l) were observed and were typically
found near river kilometer 5.0. Ammonia displayed little coherent behavior with flow or
salinity, but nitrate-nitrite-nitrogen concentrations were generally highest (above 0.1
mg/l) when flows were below 500 cfs and when salinities were less than 5 psu (Figure 4-
78). Inorganic nitrogen (ammonia plus nitrate-nitrite-nitrogen) was generally below 0.3
mg/l.

Similar to nitrogen, phosphorus levels were seasonally elevated during the wet season
and declined with distance downstream and with increasing salinity. Total phosphorus
concentrations averaged near 0.25 mg/l. Seasonal increases in tital phosphorus were
not as marked and occurred earlier on average than did the seasonal nitrogen increases
(Figure 4-75).
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Figure 4-75. Seasonal variation of total nitrogen and phosphorus in the
freshwater stations of the Myakka River. (Salinity less than or equal
to 1.0 psu.)
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Orthophosphorus formed a large fraction of the total phosphorus in the river and
averaged near 85%. When total phosphorus was high (>0.6 mg/l), nearly all phosphorus
was in the orthophosphorus form. Ratios of orthophosphorus to total phosphorus did not
vary appreciably with salinity, indicating that little transformation occurred between forms
as dilution with more saline waters occurred. Orthophosphorus displayed similar
seasonal patterns as did total phosphorus, with declines in orthophosphorus above 20
psu and increasing orthophosphorus with increasing flow (Figure 4-79). The higher
phosphorus concentrations (>0.6 mg/l) displayed no strong seasonal, salinity, or flow
related relationships, occurred periodically throughout 1970-2005, and was present
along the length of the study area.

Ratios of total nitrogen to total phosphorus averaged near 5:1 on a weight:weight basis.
Relative to an ideal ratio of 7.2:1 (mg:mg) to support phytoplankton growth, data
indicated that the ultimate limiting nutrient for phytoplankton might be expected to be
nitrogen. Inorganic nitrogen and phosphorus supported this as mean IN:IP ratios were
almost always below 2:1 and averaged less than 0.5:1. There were no salinity, flow,
seasonal, or spatial patterns evident in either IN:IP or TN:TP ratios.



DRAFT August 24, 2010

0.3 T T T

Nitrate-Nitrite-Nitrogen (mg/l)

Nitrate-Nitrite-Nitrogen (mg/l)

o
a@
@
@
@

I | o |

1000 1500 2000
Weighted How, Myaka River (cfs)

Figure 4-78. Nitrate-nitrite-nitrogen in the Myakka River, as a function of salinity
and weighted flows.
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Figure 4-79. Orthophosphorus in the Myakka River, as a function of salinity and
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45.3 Chlorophyll a

The maximum corrected chlorophyll a value observed in the river was 120 pg/l, recorded
in 1989 near El Jobean. Mean and median values were much lower, 7.2 ug/l and 5.0
pg/l, respectively. Since 1995, there were very few instances of chlorophyll a greater
than 50 pg/l and, in general, values seldom exceeded 20 pg/l.

Chlorophyll a displayed interesting seasonal patterns in the Myakka River that varied by
river section (Figure 4-80). Upriver (above 15 kilometers), the larger chlorophyll a values
were generally observed in March through July, after seasonal increases in insolation
but before the increase in wet season flows. During this low flow time, residence times
(as approximated by the DAYS parameter) were comparatively high and color values
low. Maximum values of upriver chlorophyll were observed in June, while values were
generally low in August and September. Another increase in upriver chlorophyll a was
also noted in October through December.

At mid-river (10-15 kilometers), highest values were primarily in June and July, and were
higher overall than at upriver locations. Below river kilometer 10.0, higher chlorophyll a
values were typically observed later in the year (July through November), when flows
and presumably nutrient loads were at a maximum. There were some instances of high
chlorophyll a values (>20 pg/l) above 10.0 km, but most were downstream. Overall
distributions recorded the highest chlorophyll a concentrations near mid-river, roughly
between 5 and 15 kilometers. (Figure 4-81).

The differences in seasonal chlorophyll a maxima for the upriver and downriver sections
indicate that phytoplankton community structure as well as community response to
forcing functions may differ between the upper and lower river. Seasonal variation in
insolation, salinity, nutrient loadings and light attenuation (color) associated with wet
season flows, washout of blooms from standing water upstream, increased turbulence
and reduced residence times under higher flow conditions, and tidal translocation of
blooms from downstream all likely play a contributing role. As a result of 1) the inverse
covariation between flow and residence time, 2) the more variable, seasonally-
dependent, non-linear relationships of color with flow and nutrients with color or flow,
and 3) the non-linear response of phytoplankton growth with light levels, it is difficult to
allocate the individual effects of either increased color, increased nutrients, or reduced
residence time under higher flow conditions with the existing data.

For descriptive purposes, as illustrated with data from May to October for a period when
there was the most spatial and temporal variation, chlorophyll a increased with
increasing color (with the addition of fresh water and associated nutrients) and declined
as color increased beyond 200 PCU (Figure 4-82). Similar relationships, highest
chlorophyll a at a midrange of color, were generally present even when data were
segregated by month or river interval. Complementary graphic examinations of May-
October chlorophyll a as a function of either flows or DAYS (as an approximation for
residence time), revealed similar patterns i.e. maximum chlorophyll a values occurring at
a modal midrange value, with only slight variations between either months or river
intervals. Salinity, on the other hand, while resulting in a mid-range, optimum value for
high chlorophylls in Figure 4-82, did vary markedly between upstream and downstream
river intervals.
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Myakka River.
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Figure 4-81. Spatial distribution of chlorophyll a in the Myakka River.

Figure 4-83 and 4-84 illustrate the spatial differences in May through October chlorophyll
a concentrations of downriver and upriver locations. Table 4-10 summarizes those
regions water quality values both for the May-October data set and for those instances
of chlorophyll a greater than 20 pg/l. While the modal ranges of color, flow, and DAYS
(as approximate residence time) associated with the higher chlorophyll a concentrations
(>20 pg/l), can be identified for both upriver and downriver intervals, relationships with
salinity differ between regions. Below river kilometer 10, optimal salinities were
generally in the 10-25 psu range with somewhat lower chlorophylls outside of the
interval. For data collected above river kilometer 15, however, chlorophyll a displayed a
more linear relationship with salinity. The regression was significant (p<0.001, S.E. ~
5.5 ug/l) and directly correlated with the log of salinity values, although with a few
outliers of high chlorophyll a in a compressed region of low salinity (~0.2-0.3 psu).

While the observed relationship of chlorophyll a with salinity in the upper river may be
useful for coarse predictive purposes, however, it does not further isolate the dominant
forcing functions for chlorophyll a in this portion of the river. Higher chlorophyll a
associated with high salinity could represent some combination of in situ growth under
long residence times and reduced color, or chlorophyll entrained with the more saline
waters from downstream. The outliers to the relationship with salinity may have
represented a washout of standing surface water and associated algal bloom into the
river with the onset of the wet season (when the associated DAYS parameter is on the
order of 1-3 days) or could be in situ growth when the DAYS parameter indicates longer
residence times.



DRAFT August 24, 2010

8 8 8 & 8

Chlorophyll (ug/l)

B8 8 8 & 8

o
o

10 100 1000 10000 10 100 1000
Flow, MyakaR. (cfs) Conined Cdar (PCU)

Chlorophyll (ug/l)

Sdlinity (PSU)

DAYS

Figure 4-82. Chlorophyll a as a function of flow, color, DAYS, and salinity in the
Myakka River. May through October, from river kilometer -5 to 35.

Due to the dominance of modal relationships, there were no other significant univariate
relationships of chlorophyll a with forcing functions detected. Not surprisingly, multiple
linear regressions of chlorophyll a (under a variety of transformations) produced some
significant relationships with coefficients that in general were supportive of the above
discussion (positive correlations with temperature, inverse correlations with river
kilometer and flow). Standard errors, however, were generally larger than median
chlorophyll a concentrations and relationships did not appear useful.

Chlorophyll a concentrations were also examined with respect to nitrogen and
phosphorus concentrations. As was expected, due to the geology of the upper river and
phosphorus supplies of the region, phytoplankton growth appeared nitrogen-limited, as
the highest chlorophyll occurred when inorganic nitrogen:inorganic phosphorus ratios
(weight:weight) were less than 0.5.



DRAFT

August 24, 2010

0 pr——rrr D rrrr———
~ Of ) g oo ° 4
B g ) o
=) o o o
— :'D B o ° o OO o w I
> o 85(@00 )
< o 8o
o ] o P ] °
9 Z) [~ ° o : @OO&OOgOo Z) I
[®) & o 0y o o
< o ., %o o8 o8 O oo o
© 1k o T ngg%é""’@séio" 10

T otm o 88 :
O.d_guajiu;u& . oLl
A0 AQQ 69' 699 10 100 1000
Cambined Cdor (PCU)
Flow, MyadaR. (cfs)

0 e
=~ Of
fs)
=
— I
>
e
[}
S 2t
O
<
@) 10+

o o paneal o o YRS O
1 10 100 1000 100000 5 10 b 20 55 VD B
DAYS Sdlinity (PSU)

Figure 4-83. Chlorophyll a as a function of flow, color, DAYS, and salinity in the
Myakka River. May through October, from river kilometer -5 to 10.
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Figure 4-84. Chlorophyll a as a function of flow, color, DAYS, and salinity in the
Myakka River. May through October, from river kilometer 15 to 35.
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Table 4-10. Water quality percentiles for upriver (km>15) and downriver (km<10)
intervals under all conditions and under high chlorophyll a (>20 ug/l)

conditions.
km>15, km<10,
n=, chl chl
Percentiles km>15 a>20 km<10 a>20
Chlorophyll a, combined
(ugfl) n= 520 16 284 19
10% 0.0 21.7 0.0 21.2
25% 0.9 23.1 15 21.8
50% 2.4 26.1 4.6 26.3
75% 6.8 315 8.5 325
90% 134 39.3 14.6 47.2
Flow (cfs) = 520 16 284 19
10% 9 6 4 190
25% 48 50 57 315
50% 177 61 232 458
75% 519 119 657 573
90% 941 228 981 672
DAYS (days, see text) = 520 16 284 19
10% 0.3 1.3 8.9 14.8
25% 0.8 2.0 20.2 18.6
50% 2.3 6.6 47.7 25.8
75% 10.1 13.2 | 182.6 39.8
90% 65.3 41.7 | 2386.8 54.8
Color, Combined (PCU) = 520 16 280 19
10% 75 70.5 20 53.8
25% 100 90 35 75
50% 200 100 70 130
75% 250 150 150 200
90% 320 196 245 200
Nitrate-nitrite,N (mg/l) n= 467 16 39 2
10% 0.003 0.003 | 0.003 0.003
25% 0.007 0.005 | 0.003 0.003
50% 0.039 0.014 | 0.010 0.004
75% 0.069 0.059 | 0.036 0.006
90% 0.090 0.078 | 0.050 0.006
Salinity (psu) n= 520 16 277 19
10% 0.1 0.2 2.5 2.7
25% 0.1 0.2 6.6 4.1
50% 0.2 0.7 14.3 10.5
75% 1.8 7.8 21.2 12.6
90% 10.1 9.6 25.6 17.0
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Other riverine investigations have explored the river position of the chlorophyll a
maximum with respect to physical variables (flow and pulse residence time). While
pulse residence times were unavailable for the Myakka River, the parameter was
approximated by the DAYS parameter used in isohaline regressions. The DAYS
parameter, as the number of days required to fill the river volume between 50.0 km and
the sample location at the daily flow, while not accounting for previous flow history or
tidal flushing and sequential dilution, does account for the varying morphology of the
river. Under similar flows, a location upstream will have a much smaller DAYS value
than a location downstream and so represents an approximate residence time.

There were 166 samplings with sufficient stations to compute a chlorophyll a maxima
and location for the date. Maximum values were centered near 10.8 pg/l, while median
values for chlorophyll a minima were 2.2 ug/l. The salinity at the chlorophyll a maxima
had a median value of 3 psu and a median location of 15.7 km (but ranged from -5 to 35
km). Chlorophyll a maxima were similar to chlorophyll overall in that higher maxima
were associated with higher color values (increased fresh water), up to near 150 PCU.
At higher colors, maximum chlorophyll a values were depressed and likely represented
light limitation.

Chlorophyll a maxima greater than 20 pg/l in any portion of the river were typically
limited to when flows were less than ~600 cfs. The amplitude and location of the
chlorophyll a maxima as a function of flow (Figure 4-85) or salinity (Figure 4-86) alone
were both significant, although standard errors in each case were on the order of 12-13
Mg/l and 6-7 km, respectively, and so relationships were not pursued for predictive
purposes. The maximum values of chlorophyll a on any given day are undoubtedly a
complex function of the numerous forcing factors described above.

Any effects of freshwater withdrawals on chlorophyll a will likely depend on the method
of withdrawal. In-stream removals at an upriver location would not be expected to
reduce color values in the freshwater portion but may reduce downstream color values
and downstream nutrients, including the translocation of the saline mixing zone
upstream. Off-stream withdrawals, of either surface storage or shallow groundwater, by
preventing the contribution of highly colored surface waters at the onset of wet season,
may reduce color values along the entire length of the river. Either withdrawal mode
would also be expected to increase residence times for locations below the withdrawal
point and increase salinity, as discussed elsewhere in this document.

Based on Figure 4-83, freshwater withdrawals could have a variable effect below river
kilometer 10, either enhancing or decreasing chlorophyll a concentrations although the
degree of change cannot be quantified from the present information. Upstream of river
kilometer 15 (Figure 4-84), withdrawals, to the extent which flow and color would be
reduced and residence time and salinity increased, could generally be expected to
increase chlorophyll a concentrations. The most useful predictor of chlorophyll a
appeared to be the resulting salinity distributions in the upper river. Based on Figure 4-
85, chlorophyll a maxima may be expected to increase and translocate upriver under
reduced flows, although, as for all chlorophyll a, the degree of change is uncertain.
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Figure 4-85. Amplitude and location of the chlorophyll a maxima as a function of
daily flows.
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Chapter 5

Hydrodynamic Modeling of the Lower Myakka River
5.1 Introduction

A hydrodynamic model that was developed for Upper Charlotte Harbor, including the tidal
reaches of the Peace and Myakka Rivers, was used to simulate changes in salinity distributions
in the Myakka River for purposes of determining minimum flows. This model was also recently
used to simulate changes in salinity distributions for the determination of minimum flows for the
Lower Peace River (SWFWMD 2010b). The Peace and Myakka Rivers enter Upper Charlotte
Harbor in close proximity (Figure 2-1) and flows from each river can affect salinity in both the
upper harbor and the adjacent rivers. For this reason, the model domain for the determination
of minimum flows was extended to include the upper harbor and the two rivers that comprise the
Upper Charlotte Harbor — Lower Peace River — Lower Myakka River (UCH-LPR-LMR) system.

The downstream model boundary in the upper harbor was linked to model output from a model
of the greater Charlotte Harbor system and nearshore Gulf developed by the University of
Florida (Sheng et al. 2006). The interaction of these two models allows the District to evaluate
the combined effects of reductions in freshwater flow from both rivers on the salinity and
circulation in the greater Charlotte Harbor system, as well as in each of the tidal rivers.

Details about the development of the model and its calibration and verification against
measured field data collected in the UCH-LPR-LMR system can be found in Appendix 5A and
SWFWMD (2010b). This chapter briefly describes the hydrodynamic model used in the study
and its application to the UCH-LPR-LMR system in support of the determination of minimum
flows for the Lower Myakka River.

5.2 Model Equations

The hydrodynamic model used for the UCH-LPR-LMR system is a dynamically coupled 3D-
2DV model called LESS (Chen 2003c, 2005a, 2007) which involves a two-way coupling of the
laterally averaged 2D hydrodynamic model LAMFE (Chen and Flannery 1997, Chen et al.,
2000, Chen 2003a and 2004a) and the 3D hydrodynamic model LESS3D (Chen 1999, 2003b,
2004b). While LESS3D is needed for the Upper Charlotte Harbor and the most downstream
portions of the LPR and LMR where flow patterns are three-dimensional, LAMFE is much more
efficient in dealing with narrow and meandering upstream reaches of the system where flow
patterns are basically two-dimensional (vertical and longitudinal).
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In the LAMFE model, the following governing equations are solved:
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where t is time; X is the horizontal coordinate along the river/estuary, z is the vertical coordinate,
u and w denote velocity components in x- and z-directions, respectively; v is the lateral velocity
from lateral inputs (sheet flow of direct runoff, tributary, etc.); b, p, g, and n denote the width,
pressure, gravity acceleration, and the free surface elevation, respectively; p, is the reference
density; 7z, represents the shear stress due to the friction acting on the side wall (=
PCuu[u*+w?¥2, where C, is a non-dimensional frictional coefficient for side walls); A, and A, are
eddy viscosities in the x- and z-directions, respectively; ¢ is concentration (can be temperature,
salinity, suspended sediment concentrations, nutrient concentrations, etc.); ¢; is concentration in
lateral inputs; By, and B, are eddy diffusivities in the x- and z-directions, respectively; Ss denotes
source/sink terms; and p is density which is a function of salinity and temperature (UNESCO
1983). In the above transport equation, if the material simulated involves settling, w in the
advective term includes the settling velocity of the material.

In the LESS3D model, the governing equations are:
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where X, y, and z are Cartesian coordinates (x is from west to east, y is from south to north, and
Z is vertical pointing upward); u, v, and w are velocities in the x-, y-, and, z directions,
respectively; f denotes Coriolis parameter; and A, and A, represent horizontal and vertical eddy
viscosities, respectively; and B, and B, are horizontal and vertical eddy diffusivities,
respectively. Again, if the material simulated in Equation (7) involves settling, w in the advective
term includes the settling velocity of the material.

Both the LAMFE and LESS3D models solve their governing equations using a flux-based finite
difference method which is basically a finite volume method. Both models employ a semi-implicit
scheme called the free-surface correction (FSC) method (Chen 2003a, 2003b) which is very
efficient, as it is unconditionally stable with respect to gravity waves, wind and bottom shear
stresses, and vertical eddy viscosity terms. The dynamic, two-way coupling of LAMFE and
LESS3D was done through the FSC method by merging a water elevation correction matrix for
LAMFE with that for LESS3D and solving the merged matrix. By doing so, the surface
elevations in both the 3D and 2DV sub-domains are found simultaneously. Details on how
LAMFE and LESS3D are dynamically coupled are presented in Chen (2007).

5.3 Data Used for Model Development

Because flow and salinity distributions in the UCH-LPR-LMR system are mainly controlled by
bathymetry, freshwater inflows to the upstream areas, and tides and salinity conditions at the
downstream boundary, boundary conditions should be specified at all the boundaries before the
boundary value problem (Equations 1 — 7) can be solved. Therefore, data required for a
successful simulation of hydrodynamics in the UCH-LPR-LMR system include bathymetry,
freshwater inflows at upstream boundaries, estimates of freshwater loadings from ungauged
portions of the watershed, downstream boundary conditions (water level, salinity, and
temperature), and meteorological data (wind, solar radiation, air temperature, and air humidity).
To calibrate and verify the model, field data measured inside the simulation domain are also
needed.

Flow data used in this modeling study were collected by the US Geological Survey at: (1) Peace
River at Arcadia (02296750), (2) Joshua Creek at Nocatee (02297100), (3) Horse Creek near
Arcadia (02297310), (4) Shell Creek near Punta Gorda (02298202), (5) Big Slough Canal at
Tropicaire (02299450), (6) Myakka River near Sarasota (02298830), (7) Deer Prairie Slough
near Myakka City (02299060), and (8) Blackburn Canal near Venice (02299692). These USGS
flow data were used, either directly or indirectly, as the gauged portion of the total freshwater
loading to the UCH-LPR-LMR system.

The ungaged portion of the freshwater loading to the system was estimated by Ross et al
(2005) using the Hydrological Simulation Program - FORTRAN (HSPF) (Bicknell et al. 2001).
However, these values were adjusted by coefficients derived by comparisons of the HSPF
modeled flows to other ungaged estimates generated by SDI (see section 2.4.3.2). Another
factor influencing the total freshwater budget of the system is freshwater withdrawals from the
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LPR by the Peace River Manasota Regional Water Supply Authority and from Shell Creek by
the City of Punta Gorda (the later is included in the Shell Creek flow).

For the boundary conditions at the downstream boundary (the red dashed line in Figure 5-1),
simulated results of water elevation, salinity and temperature of a larger scale hydrodynamic
model by University of Florida (Sheng et al. 2006) were used. The UF model covered the entire
Charlotte Harbor and a coastal area almost 45 km offshore into the Gulf of Mexico.

At the free surface, wind shear stresses and heat fluxes need to be specified. Wind data
measured at the UF station (Figure 5-1) were used to calculate shear stresses at the free
surface. The heat exchange with the atmosphere at the free surface was calculated based on
measured solar radiation, wind, and air temperature data at the UF station and a SWFWMD
station near the Peace River Manasota Regional Water Supply Authority.

Inside the simulation domain (Figure 5-2), real-time data of water level, salinity, and temperature
at eight stations (see asterisks in Figure 5-1) were available for model calibration and
verification. These eight stations are: (1) the University of Florida station in the Upper Charlotte
Harbor near the mouth of the Myakka River, (2) USGS Peace River at Punta Gorda (02298300),
(3) USGS Peace River at Harbor Heights (02297460), (4) USGS Peace River at Peace River
Heights, (5) USGS Myakka River at El Jobean (02299496), (6) USGS Myakka River at North
Port (02299230), (7) USGS Myakka River at Snook Haven (02298955), and (8) USGS Shell
Creek Tidal near Punta Gorda (02298208). The USGS real-time data were collected with a time
interval of 15 minutes, while the UF data had a time interval of 30 minutes. At the UF station,
velocity components at several water depths were also measured.

As mentioned by Chen (2008), the quality of the available real-time water level, salinity, and
temperature data measured at the eight stations is just average. Several stations had many
missing data periods. Some of the salinity and temperature data appeared to possibly contain
some unexpected error . Nevertheless, these are the best data available for this modeling study.

5.4 Model Calibration and Verification

To apply the LESS model to the UCH-LPR-LMR system, the entire simulation domain was split
into a 3D sub-domain and a 2DV sub-domain. The 3D sub-domain includes the Upper Charlotte
Harbor, the downstream 15.5 kilometers of the Lower Peace River, the downstream 13.8
kilometers of the Lower Myakka River, and the most downstream 1.74 km portion of the Shell
Creek. A rectilinear grid system was used to discretize the 3D simulation domain with 108 grids
in the x-direction, 81 grids in the y-direction, and 13 layers in the z-direction. The grid size in the
3D domain varies from 100m to 500m in both the x- and y-directions, while the spacing varied
between 0.3m and 1.0m in the vertical direction. The 2DV sub-domain includes three main
parts: (1) the LPR from river-km 15.5 to Arcadia, (2) the LMR from river-km 13.8 to river-km
38.4, and (3) and the Shell Creek from river-km 1.74 to the dam. Also included in the 2DV sub-
domain were the downstream 4.16km of the Myakkahatchee Creek (up to a salinity barrier
called structure WC101) and major branches of the LPR and the Shell Creek. The 2DV sub-
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domain was discretized with 356 longitudinal grids and 17 vertical layers. The longitudinal length
for 2DV grids varied between 200m and 400m. To make the 3D-2DV coupling simple, the first
13 layers for the 2DV domain is set to be the same as the 13 layers used for the 3D domain.
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Figure 5-1 Aerial photo of the UCH-LPR-LMR system. Yellow asterisks denote the
locations where real-time data were collected. The two red bars are the locations
of the starting points (river kilometer 0) for the Peace and Myakka River
estuaries. The red dashed line is the downstream boundary of the modeling
domain.

Figure 5-2 is the mesh of the UCH-LPR-LMR madel, including model grids for both the 3D and
2DV sub-domains. The red portion of the mesh represents land grids in the 3D sub-domain,
while the black portion represents water grids. Only water grids are included in the computation
at each time step. Land grids are kept inactive and not included in the computation. As the
water level rises, shorelines also change. As a result, some land grids may become water grids
and will be treated as active grids in the computation at the new time step.
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Figure 5-2 Model grids used in the UCH-LPR-LMR model. The red portion of the mesh
represents land grids that are inactive in the computation in the 3D domain.

Model simulations were conducted for a 13-month period between June 13, 2003 and July 12,
2004, during which the first 30 days, from June 13 to July 12, 2003 were used for model spin-up
because no initial conditions on June 13, 2003 were available.

Considering the quality of available data and errors associated with the estimation of un-gauged
flows during extreme conditions, a three-month period from January 10, 2004 to April 9, 2004
was chosen for model calibration. During the model calibration process, key model parameters
(e.g., bottom roughness, background vertical eddy viscosity and diffusivity, various advection
schemes, etc.) were adjusted to obtain the best fit between model results and measured data at
the eight stations in the UCH-LPR-LMR system. Because the initial conditions for the calibration
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period were also unknown, a 30-day spin-up period was included in the model calibration.
Therefore, the calibration run was actually performed for a four-month period from December
12, 2003 to April 9, 2004, with the model results during the first 30 days being excluded in
calibrating the model. After the model was calibrated, it was verified against field data measured
at the eight stations during a six-month period before the calibration period (July 12, 2003 —
January 9, 2004) and a three-month period after the calibration period (April 19 — July 11, 2004).

Detailed comparisons between model results and field data at the eight real-time stations for
both the calibration and verification periods are presented in Chen (2008). A quantitative
assessment of the model performance was also conducted and reported in Chen (2008). It
includes calculating mean errors, mean absolute errors, coefficients of determination (RZ), and
skills of model results in comparison with measured real-time data. Here the skill is an
assessment parameter introduced by Wilmott (1981) to judge the agreement between model
results and measured data and takes the following form

0"y
DAy —yP+y® —y° |y

Skill=1— (8)

where y“ and y° are simulated and measured variables (surface elevation or salinity) and
y® and y™ are means of y” and y", respectively. Skill in Equation (8) varies between 0 and 1:
a perfect agreement between simulated results and measured data yields a skill of one and a
complete disagreement yields a skill of zero.

Table 5-1 summarizes the overall performance of the model for the UCH-LPR-LMR system. It
can be seen from the table that the model performance is good.

Table 5-1. Average mean errors, mean absolute errors, g-values, and skills of simulated
water levels, velocities, salinities, and temperatures in comparison with real-time data at eight
stations in the LPR — LMR — UCH system during model calibration and verification periods

Parameter ME MAE R’ Skill
Stage (cm) -5.07 11.33 0.82 0.91
Velocity (cm/s) -0.04 3.69 0.53 0.84
Salinity (ppt) 0.23 1.51 0.79 0.87
Temperature (C°) -1.23 1.61 0.91 0.95
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In addition to comparing model results with data collected at the eight real-time stations, a
comparison of simulated salinities with a salinity profile data set compiled by the Mote Marine
Laboratory was also done for further model verification. These salinity profile data were
collected by several government agencies and private entities at 13 locations in the LPR and 10
locations in the LMR. As shown in Chen (2008), comparisons of model results with salinity
profiles data in both the LPR and LMR are good. Table 5-2 lists mean errors, mean absolute
errors, coefficients of determination, and skills of simulated salinities in comparison with the
salinity profile data for both the LPR and LMR. Again, it can be seen that the errors are relatively
small and g?-values and skills are quite high.

Table 5-2. Mean errors, mean absolute errors, qz—values, and skills of simulated salinities in
comparison with salinity profile data compiled by the Mote Marine Laboratory during model
calibration and verification periods in the LPR and LMR.
Depth ME MAE R? Skill
Peace River All Depths -0.06 1.69 0.89 0.99
<1m 0.28 1.51 0.91 0.98
>1m -0.23 1.79 0.89 0.97
Myakka River All Depths -0.97 1.36 0.94 0.98
<1m -0.95 1.50 0.92 0.97
21m -0.99 1.26 0.96 0.98
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Chapter 6

Biological Characteristics of the Lower Myakka River

6.1 Introduction

The determination of minimum flows for the Lower Myakka River included investigations of tidal
wetlands, benthic invertebrates, zooplankton and fishes in the lower river. Relationships of
freshwater inflow and salinity with the abundance and distribution of these organisms were
assessed to evaluate how reductions in freshwater inflows might affect various species and
communities. These relationships were then used to develop biologically relevant metrics by
which the effects of freshwater inflow reductions could be assessed