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EXECUTIVE SUMMARY

Florida law requires the water management districts to develop a priority list and
schedule for the establishment of minimum flows and levels for surface waters and
aquifers within their jurisdiction (Section 373.042(1), Florida Statutes). This list, included
in the District Water Management Plan for the South Florida Water Management District
(SFWMD, 2000a), requires that minimum flows and levels for the St. Lucie River and
Estuary be established by 2001. A request for extension of this deadline to December 2002
has been approved.

Establishing minimum flows and levels alone will not be sufficient to maintain a
sustainable resource during the broad range of water conditions occurring in the managed
system. For the St. Lucie River and Estuary, extended periods of large volume freshwater
flows also impact the resource. Setting a minimum flow is viewed as a starting point to
define minimum water needs for protection against significant harm. While this report
documents the full range of water resource issues associated with the St. Lucie River and
Estuary watershed, technical criteria development focuses on minimum flows.

The minimum flow is defined as the “...limit at which further withdrawals would
be significantly harmful to the water resources or ecology of the area.” For purposes of
establishing minimum flows, significant harm is defined as a loss of water resource
functions that takes more than two years to recover. Water resource functions protected
under Chapter 373 include flood control, water quality, water supply and storage, fish and
wildlife, navigation, and recreation. Water management districts must also consider any
changes and structural alterations that have occurred, and develop a recovery and
prevention strategy for water bodies that do not or are not expected to meet the proposed
criteria during the planning horizon.

This report documents the methods and technical criteria used by staff of the South
Florida Water Management District to develop minimum flows and levels for the St. Lucie
River and Estuary. The St. Lucie River and Estuary watershed is located on the
southeastern coast of Florida in Martin and St. Lucie Counties. It includes the North and
South Forks of the St. Lucie River, several major drainage and irrigation canals, the
surrounding watershed, and the estuary. This system is of particular importance because it
lies at the confluence of two major transportation waterways. It is located adjacent to the
Indian River Lagoon (part of the National Estuary Program), and provides an outlet for
discharge of excess water from Lake Okeechobee.

Prior to development, most of the region was characterized by nearly level, poorly
drained lands subject to frequent flooding. The current managed system includes
numerous water control facilities that have been constructed to make this region suitable
for agricultural, industrial, and residential use. Structural changes that were considered
during criteria development included construction of major drainage canals; connection to
Lake Okeechobee, withdrawals of water to provide agricultural irrigation; dredging,
filling, and bulk heading the estuary; and improvements to the St. Lucie Inlet. Effects of
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such changes on regional hydrology and estuary hydrodynamics are documented. Over a
century of water control has led to changes to the quality, quantity, timing, and distribution
of flows to the estuary resulting in ecological changes to the system.

Pursuant to the requirements contained within Chapter 373 of the Florida Water
Resources Act, water resource functions are identified and technical relationships of these
functions to water flows and levels are described based on the best available information.
This information includes results of a literature review; analysis and synthesis of present
and historical flow data; incorporation of data, results, and conclusions from previous and
ongoing investigations; and the development and application of mathematical models and
empirical flow/salinity relationships.

Proposed minimum flow criteria for the St. Lucie River and Estuary are linked to
the concept of protecting valued ecosystem components from significant harm. The
specific valued ecosystem components identified for the St. Lucie River and Estuary are
the assemblage of organisms inhabiting the low salinity, oligohaline zone.

The proposed minimum flows and levels criteria for the St. Lucie River and
Estuary were based on the determination that significant harm occurs to the oligohaline
zone when net freshwater flows (sum of surface and ground water inflows minus
evaporation) to the estuary are at or below zero for a period of two consecutive months for
two or more years in succession. Modeling results indicate that flows at or below 21 cubic
feet per second in the North Fork of the St. Lucie River, in combination with mean
monthly flows at or below 7 cubic feet per second (cfs) in the South Fork of the St. Lucie
River, may result in significant harm to the St. Lucie Estuary.

Understanding the importance of maintaining the north-south flow distribution
pattern, but acknowledging the fact that we neither currently monitor the South Fork nor
have any conveyance options to supplement South Fork flows, the following minimum
flow criteria for the St. Lucie River and Estuary are proposed:

Mean monthly flows to the St. Lucie Estuary of more than 28 cubic feet per
second from the North Fork of the St. Lucie River represent the amount of
water necessary to maintain sufficient salinities in the St. Lucie Estuary in
order to protect the oligohaline organisms that are valued ecosystem
components of this system. If flows fall below this minimum for two
consecutive months, the minimum flow criteria will be exceeded and harm
occurs to estuarine resources. If harm, as defined above, occurs during two
consecutive years, significant harm and a violation of the minimum flows
and levels criteria occur.

Although the river and estuary presently receive an adequate supply of fresh water,
and are expected to continue to do so as the Comprehensive Everglades Restoration Plan
is implemented, a prevention strategy may be required to protect this resource. The ability
to better manage water in the watershed may also make it possible to capture and retain
water from the watershed for allocation to other (e.g., urban and agricultural water supply)
users.



St. Lucie Minimum Flows and Levels - May 14, 2002 Draft Executive Summary

Prevention strategy components include management objectives for the North and
South Forks that are based on protecting the system from significant harm. Also included
in the prevention strategy is the recommendation for an adaptive assessment approach to
research and monitoring of the watershed in order to fill data gaps in our knowledge of the
hydrodynamics and ecology of the St. Lucie River and Estuary. The proposed criteria will
be refined and incorporated into the next update of the Upper East Coast Water Supply
Plan as new information is assimilated into the minimum flows and levels development
process.

This document has been peer reviewed by an independent scientific peer review
panel. Their report, in addition to the South Florida Water Management District staff
response, is included in Appendix I. Also included in the appendices are technical reports
to support criteria development.
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» Filtration and absorption of nutrients and pollutants
* Sediment loads

* Recreation in and on the water

» Navigation

» Aesthetic and scenic attributes

This policy determination as to which resource functions to consider in
establishing MFLs is within the SFWMD Governing Board's purview. This analysis
requires a comprehensive look at sustainability of the resource itself as well as its role in
sustaining overall regional water resources. Chapter 3 of the MFL document provides a
detailed description of the relevant water resource functions of the St. Lucie River and
Estuary.

Identify Considerations and Exclusions: Baseline Conditions to
Protect Water Resource Functions

Once the water resource functions to be protected by a specific minimum flow or
level have been identified, the baseline resource conditions for assessing significant harm
must be identified. Considerations for making this determination are set forth in Section
373.0421(1)(a), F.S., which requires the water management districts, when setting a
minimum flow or level, to consider changes and structural alterations that have occurred
to a water resource. Likewise, Section 373.0421(1)(b), F.S., recognizes that certain water
bodies no longer serve their historical function and that recovery of these water bodies to
historical conditions may not be feasible. These provisions are discussed in Chapter 3 and
their applicability to the minimum levels that are proposed for the St. Lucie River and
Estuary are examined.

Level of Protection for Water Resource Functions Provided by
the MFL Standard of Significant Harm

The overall purpose of Chapter 373 is to ensure the sustainability of water
resources of the state (Section 373.016, F.S.). To carry out this responsibility, Chapter 373
provides the District with several tools with varying levels of resource protection
standards. MFLs are one part in this framework. Determination of the role of MFLs and
the protection that they offer, versus the roles played by other water resource tools
available to the District, is discussed below.

The scope and context of MFLs protection rests with the definition of significant
harm. The following discussion provides some context to the MFLs statute, including the
significant harm standard, in relation to other water resource protection statutes.

Sustainability is the umbrella of water resource protection standards (Section
373.016, F.S.). Each water resource protection standard must fit into a statutory niche to
achieve this overall goal. Pursuant to Parts II and IV of Chapter 373, surface water
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management and consumptive use permitting regulatory programs must prevent harm to
the water resource. Water shortage statutes dictate that permitted water supplies must be
restricted from use to prevent serious harm to the water resources. Other resource
protection tools include reservation of water for fish and wildlife, or health and safety
(Section 373.223(3), F.S.), and aquifer zoning to prevent undesirable uses of the ground
water (Section 373.036(4)—(5), F.S.). By contrast, MFLs are set at the point at which
significant harm to the water resources or ecology would occur. The levels of harm cited
above - harm, significant harm, and serious harm - are relative resource protection terms.
Each plays a role in the ultimate goal of achieving a sustainable water resource.

The conceptual relationships among the terms harm, significant harm, and serious
harm proposed by the District are shown in Figure 1. The general narrative definition of
significant harm proposed by the District (SFWMD, 2000¢) for the water resources of an
area is as follows:

Significant harm is defined as a loss of specific water resource functions resulting
from a change in surface water or ground water hydrology that take two or more years to
recover.

OBSERVED
Permittable Water M
(373.019F.S)) HARM
Temporary harm to the
- . - t )
\I/DVater Le_vel ,lelt of Permittable Watf-)l’ Phase | Water Restrictions revzgveerr;eviﬁ;]giiur
ecreasing  11.in-10 Year Level of Certainty (Sec 373.246 F.S.) HARM Within 1 or 2 S6asons
(Sec. 373.219, F.S.)
Phase Il Water Restrictions SIGNIFICANT
Drought (Sec 373.246 F.S.) HARM
Severity Harm that requires
Increasing Minimum Flows and Levels Phase Ill Water Restrictions SIGNIFICANT Multiple years for the
(Sec. 373.042F S.) (Sec 373.246 F.S.) HARM water resource to
recover
Phase IV Water Restrictions SERIOUS
(Sec 373.246 F.S)) HARM
SERIOUS Permanent or
HARM irreversible damage to
v the water resource

Figure 1. Conceptual Relationships among the Terms Harm, Significant Harm, and Serious
Harm
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OTHER LEVELS OF HARM CONSIDERED IN FLORIDA
STATUTES

A discussion of the other levels of harm identified in the conceptual model for
consumptive use permitting and water shortage is provided below to give context to the
proposed significant harm standard.

Consumptive Use Permitting Role - No Harm Standard

The resource protection criteria used for consumptive use permitting are based on
the level of impact that is considered harmful to the water resource. These criteria are
applied to various resource functions to establish the range of hydrologic change that can
occur with no harm to the water resources. The hydrological criteria include level,
duration, and frequency components and are used to define the amount of water that can
be allocated from the resource. Saltwater intrusion, wetland drawdown, aquifer mining,
and pollution prevention criteria in Chapter 40E-2, F.A.C., define the no harm standard
for purposes of consumptive use allocation. These no harm criteria are applied using
climate conditions that represent an assumed level of certainty. The level of certainty used
in the Upper East Coast Water Supply Plan (SFWMD, 1998a), Lower East Coast
Regional Water Supply Plan (SFWMD, 2000b), and the Lower West Coast Water Supply
Plan (SFWMD, 2000c) is a 1-in-10 year drought frequency, as defined in the District's
permitting rules. The 1-in-10 year level of certainty is also the water supply planning goal
that was established in Section 373.0361, F.S.

Water Shortage Role - Serious Harm Standard

Pursuant to Section 373.246, F.S., water shortage declarations are designed to
prevent serious harm from occurring to water resources. Serious harm, the ultimate harm
to the water resources contemplated under Chapter 373, F.S., can be interpreted as long-
term, irreversible, or permanent impacts. Declaration of water shortages is the tool used by
the Governing Board to prevent serious harm. These impacts associated with serious harm
occur at drought events that are more severe than the 1-in-10 level of certainty used in the
consumptive use permitting criteria.

When drought conditions exist, water users, typically for irrigation or outside use,
increase withdrawals to supplement water not provided by rainfall. In general, the more
severe the drought, the more supplemental water is needed. These increased withdrawals
increase the potential for harm to the water resource.

The District has implemented its water shortage authority by restricting
consumptive uses based on the concept of equitable distribution between users and the
water resources (Chapter 40E-21, F.A.C.). Under this program, different levels or phases
of water shortage restrictions are imposed relative to the severity of drought conditions.
The four phases of the current water shortage restrictions are based on relative levels of
risk posed to resource conditions leading up to serious harm impacts. Under the District’s
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program, Phase I and II water shortages are primarily designed to prevent harm, such as
localized, but recoverable, damage to wetlands or short-term inability to maintain water
levels needed for restoration. Actions that may be taken include reducing water use
through conservation techniques and minor use restrictions, such as car washing and lawn
watering. Phases III and IV, however, require use cutbacks that are associated with some
level of economic impact to the users, such as agricultural irrigation restrictions.

MFL RECOVERY AND PREVENTION STRATEGY

MFLs are implemented through a multifaceted recovery and prevention strategy,
developed pursuant to Section 373.0421(2), F.S. If it is determined that water flows or
levels are currently being met, but will fall below an established MFL within the next 20
years, then a prevention strategy must be developed. If water flows or levels are presently
below the MFL, the water management district must develop and implement a recovery or
prevention strategy. The twenty-year period should coincide with the regional water
supply planning horizon for the subject area and the strategy is to be developed in concert
with that planning process. A prevention strategy is recommended for the St. Lucie River
and Estuary.

The general goal of a recovery and prevention strategy is to continue to provide
sufficient water supplies for all existing and projected reasonable-beneficial demands,
while taking actions to achieve the MFL criteria. If the existing flow or level is below the
MFL, recovery to the MFL must be achieved ‘““as soon as practicable.” Many different
factors will influence the water management district's capability to implement the
proposed actions in a timely manner, including funding availability, detail design
development, permittability of regulated actions, land acquisition, and implementation of
updated permitting rules.

From a regulatory standpoint, depending on the existing and projected flows or
levels, changes to either water shortage triggers, interim consumptive use permit criteria,
or both, may be recommended in the recovery and prevention strategy. The approach
varies depending on whether the MFL is currently exceeded or not and what is causing it
to be exceeded. Causes could include consumptive use withdrawals, poor surface water
conveyance facilities or operations, overdrainage, or a combination of these.

Incremental measures to achieve the MFLs must be included in the recovery and
prevention strategy, as well as a timetable for the provision of water supplies necessary to
meet reasonable-beneficial uses. Such measures include development of additional water
supplies and conservation and other efficiency measures. These measures must make water
available “concurrent with, to the extent practical, and to offset, reductions in permitted
withdrawals, consistent with ...[Chapter 373].” The determination of what is “practical” in
identifying measures to concurrently replace water supplies will likely be made through
the consideration of both the economic and the technical feasibility of potential options.
Additional information about the prevention strategy recommended for the St. Lucie River
and Estuary is provided in Chapter 6.
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DOCUMENT STRUCTURE

Chapter 2 describes the geographic setting, the resources at risk, and the major
issues concerning the use and conservation of resources within the St. Lucie River and
Estuary. Chapter 3 documents the resource functions and considerations for technical
criteria development. Chapter 4 presents the methods that were used to establish
significant harm criteria and describes the specific hydrologic criteria that were developed
to indicate the point at which significant harm occurs. Chapter 5 includes an analysis of
the specific relevant factors and implications of the proposed definition of significant
harm. Conclusions and recommendations are presented in Chapter 6. The References
and the glossary follow Chapter 6. Technical Appendices A through L are provided in a
separate volume and include more detailed descriptions and analyses of available data,
literature, and issues raised during the review process.
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Chapter 2
DESCRIPTION OF THE WATER BODY

INTRODUCTION

The St. Lucie River and Estuary and its watershed are located on the southeastern
coast of Florida in Martin and St. Lucie counties. The St. Lucie River and Estuary
watershed encompasses about 781 square miles and is divided into five major basins and
several small basins (Figure 2). The western basins are predominantly agricultural with
about 70 percent of land in citrus and improved pasture. The two eastern basins (North St.
Lucie and Tidal) are more urban with about 45 percent of the land devoted to agricultural
activities. The St. Lucie Canal (C-44) is an important component of the Central and
Southern Florida (C&SF) Project and is used, along with the Caloosahatchee River
(C-43), primarily for water releases from Lake Okeechobee when lake levels exceed
United States Army Corps of Engineers (USACE) regulation schedules (USACE, 2000).
In addition to regulatory discharges for flood protection, the river and estuary also receive
water deliveries from the lake to maintain water levels for navigation and water supply.
The C-44 basin is particularly dependent on the lake for supplemental water supply and
aquifer recharge (SFWMD, 1998a).
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Figure 2. Major Drainage Basins, Rivers, and Canals in the St. Lucie Watershed
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CLIMATE, RAINFALL, AND SEASONAL WEATHER
PATTERNS

The main components of the hydrologic cycle in the St. Lucie watershed are
precipitation, evapotranspiration, surface water flow, and ground water flow. The climate
is classified as subtropical. The average seasonal temperatures range from 64 degrees
Fahrenheit (°F) during the winter to about 81 °F during the summer (University of Florida,
1993).

The 52-year average annual rainfall in the region is approximately 51 inches (Ali
and Abtew, 1999), but varies considerably from year to year (Figure 3). Florida has a
distinct wet season from May through October, and a dry season from November through
April. About 72 percent of the annual rainfall occurs during the May through October wet
season. The maximum monthly average rainfall is 7.52 inches in September (St. Lucie
County) and the minimum monthly average rainfall is 1.93 inches in December (Martin
County). Monthly rainfall displays a higher measure of relative variability during the dry
period. Rainfall also varies spatially, with rainfall amounts generally decreasing from east
to west.

Evapotranspiration is the sum of evaporation and transpiration, and is generally
expressed in inches per year. In South Florida, approximately 45 inches of water per year
is returned to the atmosphere through evapotranspiration. The excess of average
precipitation over average evapotranspiration is equal to the combined amounts of average
surface water runoff and average ground water recharge.
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Figure 3. Variation from Annual Average Rainfall (Ali and Abtew, 1999)
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PREDEVELOPMENT HYDROLOGY

Prior to development, most of the region was characterized by nearly level, poorly
drained lands subject to frequent flooding. The natural surface drainage systems included
large expanses of sloughs and marshes such as St. Johns Marsh, Allapattah Slough (also
referred to as Allapattah Flats), Cane Slough, and the Savannas (Figure 4). Drainage
systems with higher conveyance included the North and South Forks of the St. Lucie
River, Ten Mile Creek, Five Mile Creek, and Bessey Creek. A characterization of the
predevelopment St. Lucie watershed based on historical sources can be found in
Appendix E.

Since the early 1900s, numerous water control facilities have been constructed to
make this region suitable for agricultural, industrial, and residential use. The St. Lucie
Canal (C-44) was constructed between 1916 and 1924 to provide an improved outlet for
Lake Okeechobee floodwaters. From 1918 to 1919, the Fort Pierce Farms Drainage
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Figure 4. Historical Surface Water Drainage System in the St. Lucie Watershed
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District and the North St. Lucie River Drainage District were formed to provide flood
control and drainage for citrus production in east-central and northeastern St. Lucie
County. The C-25 Canal (also known as Belcher Canal) provided a drainage outlet for the
Fort Pierce Farms Drainage District, as well as a limited flood protection levee. The C-24
Canal (also known as the Diversion Canal) provided drainage and limited flood protection
west of the North St. Lucie River Drainage District protection levee. The C-23 Canal
provided water control in Allapattah Flats during the dry season. However, large areas
continued to be under water for months at a time during the wet season.

Torrential rains and extensive flooding in South Florida in 1947 prompted the
United States Congress to authorize the design and construction of the C&SF Project. The
C&SF Project included construction of levees, canals, spillways, pump stations, and dams.
The project incorporated the existing canals and provided increased outlet capacity for
Lake Okeechobee by making improvements to the St. Lucie Canal.

MAJOR BASINS

St. Lucie Agricultural Area

The St. Lucie Agricultural Area is located in western St. Lucie County, eastern
Okeechobee County, and northern Martin County. It includes all of the C-23, C-24, and
C-25 basins, and part of the North Fork St. Lucie River basin (Figure 5).

The C-23, C-24, and C-25 Canals and control structures were improved under the
C&SF Project. Their current functions are 1) to remove excess water from their respective
basins, 2) to supply water during periods of low rainfall, and 3) to maintain ground water
table elevations at the coastal structures to prevent saltwater intrusion.

The canals and control structures were designed to pass 30 percent of the Standard
Project Flood and to meet irrigation delivery requirements for the basin. In this planning
area, a Standard Project Flood is statistically equivalent to a 1-in-10 year, 72-hour storm
event. Excess water may be discharged from C-25 to tidewater by way of the S-99 and
S-50 structures, or to C-24 by way of the G-81 structure. Excess water in C-24 may be
discharged to tidewater by way of S-49, to C-25 by way of G-81, or to C-23 by way of
G-78. Excess water in C-23 may be discharged to tidewater by way of S-97 and S-48, or to
C-24 by way of G-78 (SFWMD, 1993).

Flow in each of the C&SF Project canals is regulated by their respective control
structures. For flood control and drainage, water elevations in the canal are set far enough
below ground surface to provide slope in the secondary drainage systems. Water supply,
on the other hand, requires that the water surface in the primary canal be maintained
sufficiently high to prevent overdrainage. When flow in the canals is adequate, control
structures are operated to maintain a headwater stage within a seasonally dependent range
(Table 1).
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Table 1. Optimal Headwater Stage for Project Canals

Headwater Stage (feet NGVD?)
Canal Structure Wet SeasonP Dry Season®
C-25 S-99 19.2-20.2 21.5-225
C-25 S-50 >12.0 >12.0
C-24 S-49 18.5-20.2 19.5-21.2
C-23 S-97 20.5-22.2 22.2-23.2
C-23 S-48 >8.0 >8.0

a. NGVD = National Geodetic Vertical Datum
b. Wet season is from May 15 to October 15 (Cooper and Ortel, 1988).

c. Dry season is from October 16 to May 14
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Although the primary function of the C&SF Project was for flood control and
drainage, the drainage network formed by the project canals and the secondary canals and
ditches have become an important source of irrigation water and frost protection for

agriculture. In general, rainfall, ground water inflow, and runoff replenish water stored in
the canals.

Eastern St. Lucie Area

The Eastern St. Lucie Area includes most of the North Fork St. Lucie River basin
and all of Basin 1. A map of the Eastern St. Lucie Area is presented in Figure 6.
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Figure 6. Eastern St. Lucie Area Drainage Basins

14



St. Lucie Minimum Flows and Levels - May 14, 2002 Draft Chapter 2: Description of the Water Body

The North Fork of the St. Lucie River, is a natural watercourse although portions
have been channelized. Ten Mile Creek and Five Mile Creek tributaries form its
headwaters and, nineteen miles downstream, it joins the South Fork in discharging to the
Atlantic Ocean via the St. Lucie Estuary and the Indian River Lagoon. Stages in the North
Fork are tidally influenced throughout its length which varies from 100 feet wide
upstream to over 4,000 feet wide downstream (Camp Dresser & Mckee, 1993). Portions of
the North Fork are designated a state aquatic preserve flanked by a state buffer preserve on
either side.

The North Fork of the St. Lucie River and the C-24 Canal serve as the primary
drainage conveyances for southeastern and west-central St. Lucie County, and for small
portions of eastern Okeechobee and northeastern Martin counties (Camp Dresser &
McKee, 1993). Two C&SF Project canals, C-23A and C-24, are located in the North Fork
St. Lucie River basin. C-23A is a short section of canal in the lower reach of the North
Fork of the St. Lucie River. This canal passes discharges for both the North Fork and the
C-24 Canal to the St. Lucie Estuary. A short reach of the C-24 Canal extends from the
S-49 control structure to the North Fork, just north of C-23A. C-23A was designed to pass
30 percent of the Standard Project Flood from the North Fork St. Lucie River basin and
from the C-24 basin.

Greater St. Lucie Canal Area

The Greater St. Lucie Canal Area covers most of Martin County (Figure 6). It can
be subdivided in two categories: 1) the Canal Area which includes all of the C-44, S-153,
and Tidal St. Lucie basins served by C&SF Project canals, and 2) Basins 4, 5, 6, and 8.
Basin 8 drains out of the planning area and has little interaction with the rest of the Greater
St. Lucie Canal Area. The Canal Area contains the only basin (C-44 basin) in the planning
area that is hydrologically connected to Lake Okeechobee. Therefore, this section includes
a discussion of the lake’s regulation schedule.

Canal Area

The C&SF Project canal and control structures in the C-44 basin have five
functions: 1) to provide drainage and flood protection for the C-44 basin; 2) to accept
runoff from the S-153 basin and discharge this runoff to tidewater; 3) to discharge water
from Lake Okeechobee to tidewater when the lake is over schedule; 4) to supply water to
the C-44 basin during periods of low natural flow, and 5) to provide a navigable waterway
from Lake Okeechobee to the Intracoastal Waterway. Excess water is discharged to
tidewater by way of the S-80 structure and the C-44A Canal. Under certain conditions,
excess water backflows to Lake Okeechobee by way of S-308. This happens about 50
percent of the time. Regulatory releases from Lake Okeechobee are made to the C-44
Canal by way of S-308. Water supply to the basin is made from Lake Okeechobee by way
of S-308 and from local rainfall. Both S-80 and S-308 have navigation locks to pass boat
traffic.
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Lockages are performed “on demand” at S-80, except when water shortages have
been declared or maintenance and repairs to the structure are taking place. Although, a
water shortage plan has not been developed for S-80, the USACE will curtail lockages at
the request of the District. Maintenance and repairs that result in stoppage of lockages are
done on an as-needed basis, usually occurring every three to five years (SFWMD, 2000b).
Each lockage at S-80 releases over 1.3 million gallons of water. The average number of
lockages at S-80 varies monthly. Between 1987 and 1991, S-80 had an average of 15
lockages per day (SFWMD, 2000b).

The S-153 structure provides flood protection and drainage for the S-153 basin.
Excess water in the basin is discharged to the C-44 Canal by way of the L-65 Borrow
Canal. This 6,600-acre reservoir was originally part of the S-153 basin, but is now
hydraulically connected to the C-44 Canal and is considered part of the C-44 basin. The S-
153 control structure is operated to maintain an optimum stage of 18.8 feet National
Geodetic Vertical Datum (NGVD).
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The S-80 structure in the Tidal St. Lucie basin has three functions. These functions
are 1) to accept flow from the C-44 Canal and to discharge those flows to tidewater in the
St. Lucie River; 2) to provide a navigable waterway from the St. Lucie Canal to the
Intracoastal Waterway; and 3) to provide drainage for portions of the Tidal St. Lucie basin.

The C-44 Canal and the S-80 Structure were designed to pass the Standard Project
Flood from the C-44 basin and the S-153 basin and to pass regulatory discharges from
Lake Okeechobee to tidewater. The S-308 and S-80 control structures are operated to
maintain an optimum canal stage of 14.5 feet NGVD within the Tidal St. Lucie basin.

Contributing to surface drainage in the Tidal St. Lucie basin, the Old South Fork of
the St. Lucie River is characterized by numerous oxbows winding through floodplain
hammock and pine flatwoods for more than eight miles before connecting to the
Okeechobee Waterway (C-44). It remains virtually unaltered from its historical
watercourse although it has experienced hydrologic impacts due to surrounding land use
classified as “predominantly well drained pasture/citrus groves connected to the river
through a complex network of feeder canals” (Janicki et al., 1999).

Basins 4, 5, and 6

Basins 4 and 6 are drained by Bessey and Danforth Creeks, respectively. Bessey
Creek discharges to the mouth of the C-23 Canal, which in turn empties into the St. Lucie
River. Danforth Creek discharges to the South Fork of the St. Lucie River Estuary. Basin 5
is generally landlocked, with a poor hydraulic connection to Bessey Creek. Inadequate
conveyance in the drainage systems in these basins has frequently resulted in areas of
inundation in flood prone areas.

Lake Okeechobee

Lake Okeechobee is managed as a multipurpose freshwater resource in the C&SF
Project. The primary tool for managing lake water levels is the regulation schedule. This
schedule defines the ranges of water levels in which specific discharges are made to
control excessive accumulation of water within the lake’s levee system.

The schedule varies seasonally to best meet the objectives of the C&SF Project. A
number of lake regulation schedules have been adopted since the construction of the
C&SF Project (Trimble and Marban, 1988). In 1978, the USACE adopted the “15.5 —
17.5” schedule in which regulatory releases were made if stages in the lake exceeded 15.5
to 17.5 feet NGVD. A pulse release program was added in 1991 to reduce the likelihood
of making large freshwater releases to the St. Lucie and Caloosahatchee River Estuaries.
This schedule is commonly referred to as “Run 25”.

Water releases from Lake Okeechobee to the estuaries currently depend on policies
contained within the newly adopted Water Supply and Environmental (WSE) regulation
schedule (Figure 8), which is structured to provide additional flexibility for discretionary
releases of water from the lake for environmental benefits (USACE, 2000). An adaptive
protocol process will be used to implement the operational flexibility of the WSE by
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providing additional guidance to operations for greater protection of Lake Okeechobee
and downstream ecosystems while continuing to provide a reliable water supply for
agricultural and urban areas that depend on the lake (SFWMD, 2002).
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TREE. PARTS 1 AND 2. LAKE OKEECHOBEE
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° WSE (WITH CLIMATE OUTLOOK)

Figure 8. The Interim WSE Schedule for Lake Okeechobee

Pulse releases prescribed in Zone D of the WSE are designed to lower lake stage
with minimal impact to the estuary. The pulse releases consist of 10-day pulses that follow
the release patterns that were designed to reflect the natural hydrology of storm water
runoff. The release rate begins low on the first day and is increased to the highest release
rate on the third day, followed by reduced flow rates for days seven through ten. After day
ten the pattern of discharge is repeated until the lake level is sufficiently lowered. The
pulse releases increase from Level 1 to Level 3 as shown in Table 2. The level of release is
determined by the water stage in Lake Okeechobee.
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Table 2. Pulse Release Schedules for the St. Lucie and Caloosahatchee River Estuaries and Their
Effect on Lake Okeechobee Water Levels?

Daily Discharge Rate (cubic feet per second)
St. Lucie St. Lucie St. Lucie Caloosa.? Caloosa. Caloosa.
Day Level | Level Il Level llI Level | Level Il Level Il
1 1,200 1,500 1,800 1,000 1,500 2,000
2 1,600 2,000 2,400 2,800 4,200 5,500
3 1,400 1,800 2,100 3,300 5,000 6,500
4 1,000 1,200 1,500 2,400 3,800 5,000
5 700 900 1,000 2,000 3,000 4,000
6 600 700 900 1,500 2,200 3,000
7 400 500 600 1,200 1,500 2,000
8 400 500 600 800 800 1,000
9 0 400 400 500 500 500
10 0 0 400 500 500 500
Acre-Feet per Pulse and Correlating Lake Level Fluctuations
Acre-Feet per Pulse 14,476 18,839 23,201 31,728 45,609 59,490
Impact on Lake (feet) 0.03 0.04 0.05 0.07 0.10 0.13

a. Source: SFWMD, 1997
b. Caloosa. = Caloosahatchee

Although Lake Okeechobee is a potentially large source of water, it must supply
many users within the region and is subject to regional rainfall conditions. These factors
contribute to lake levels occasionally falling within the supply-side management zone
(Figure 9). At low lake stages, water supply allocations are determined through
procedures described in the Lake Okeechobee Supply-Side Management Plan (Hall,
1991), as modified in the Lower East Coast Regional Water Supply Plan (SFWMD
2000b). This plan states that the amount of water available for use during any period is a
function of the anticipated rainfall, lake evaporation, and water demands for the balance of
the dry season in relation to the amount of water currently in storage. If the projected lake
stage falls below 10.5 feet NGVD at the end of the dry season, or below 13.0 feet NGVD
at the end of the wet season, the Lake Okeechobee Supply-Side Management Plan (Hall,
1991) is implemented in conjunction with the District's Water Shortage Plan (Chapter
40E-21, F.A.C).
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Figure 9. Management Zones for Lake Okeechobee, including Zones A through E Associated
with the WSE Regulation Schedule and the Supply-Side Management Zone

St. Lucie Estuary

The estuary is divided into three major areas: the inner estuary, comprised of the
North and South Forks; the midestuary, consisting of the area from the juncture of the
North and South Forks to Hell Gate; and the outer estuary extending from Hell Gate to the
St. Lucie Inlet (Figure 10). The main body of the North Fork is about four miles long,
with a surface area of approximately 4.5 square miles and a volume of 468.7 by 106 cubic
feet. The midestuary extends approximately 5 miles from the Roosevelt Bridge to Hell
Gate and has an area and volume similar to the North Fork (4.7 square miles and 972.7 by
106 cubic feet) (Haunert and Startzman, 1985).

The bathymetry of the estuary has been mapped by the District (Morris, 1986).
The center of the North Fork is approximately 10.0 feet deep; depth increases to 15.0 feet
near its juncture with the South Fork. Depths within the South Fork also approach 10.0
feet within the channel, however, depths are generally much shallower near the Palm City
Bridge. Maximum depths within the estuary are about 25.0 feet at sites near the Roosevelt
Bridge and Hell Gate. Tidal influences in the North Fork reach 15 miles north of Stuart in
Five-Mile Creek, and to a water control structure on Ten-Mile Creek just west of the
Florida Turnpike at Gordy Road. Tidal influences in the South Fork extend about 8 miles
south of Stuart to the St. Lucie Lock and Dam on the St. Lucie Canal. Tidal influence also
extends into the extremes of the nearby Old South Fork tributary (Morris, 1987).
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Figure 10. St. Lucie Estuary Hydrography

Surface sediment composition within the estuary has also been mapped by the
District (Haunert, 1988). Sediment composition within the St. Lucie Estuary is influenced
by hydrodynamics and is somewhat correlated to depth. Sand substrates, with little
organic content, are found along the shallow shorelines of the estuary and in the St. Lucie
Canal. This reflects the impacts of wave turbulence and rapid currents. Substrates
comprised of mud and moderate quantities of sand are present in areas that are more
typically low energy environments, but subjected to occasional high energy events. Mud
substrates are found in low energy areas such as dredged areas and the deeper portions of
the estuary. These mud sediments often contain high concentrations of organic materials.

The estuarine environment is sensitive to freshwater releases, and modification of
the volume, distribution, circulation, or temporal patterns of freshwater discharges can
place severe stress upon the entire ecosystem. Salinity patterns affect productivity,
population distribution, community composition, predator-prey relationships, and food
web structure in the inshore marine habitat. In many ways, salinity is the master ecological
variable that controls important aspects of community structure and food web organization
in coastal system (Myers and Ewel, 1990). Other aspects of water quality, such as
turbidity, dissolved oxygen content, nutrient loads, and toxins, also affect functions of
these systems (USFWS, 1990; Myers and Ewel, 1990).
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Estuarine biota is well adapted to, and depends on, natural seasonal changes in
salinity. The temporary storage and concurrent decrease in velocity of floodwaters within
upstream wetlands aid in controlling the timing, duration, and quantity of freshwater flows
into the estuary. Upstream wetlands and their associated ground water systems contribute
to base flow discharges into the estuaries, providing favorable salinities for estuarine
biota. Maintenance of these base flows supports the propagation of many commercially
important fish species, such as snook, tarpon, sea trout, and redfish.

During the wet season, upstream wetlands provide pulses of organic detritus, that
are exported downstream to the brackish water zone. These materials are an important link
in the estuarine food chain.

LAND USE

The St. Lucie watershed is predominantly agricultural, especially in St. Lucie
County. Urban land use is primarily located in the coastal portions of Martin and St. Lucie
Counties. The highest percentage of wetlands is in Martin County (Table 3).

Based on local government comprehensive plans, urbanization is anticipated to
increase in both Martin and St. Lucie Counties. Agriculture has been the predominant land
use in both counties and is projected to remain so in the future. However, the percentage of
agricultural land use is projected to decrease as a result of urban encroachment. The most
significant change in land use is the doubling of urban acreage, which reflects population
growth in these two counties.

Table 3. Acreages and Percentages of Land Use by County?

Martin County St. Lucie County
Land Use Acres Percent? Acres Percent?
Agriculture 137,361 40 191,081 50
Urban and Transportation 50,416 15 72,500 19
Wetlands 54,116 16 33,374 9
Upland Forest 64,201 19 38,880 10
Rangeland 5,503 2 8,129 2
Barren 2,075 1 316 0
Water 26,706 8 40,612 10
Total 340,378 100 384,892 100

a. Source: SFWMD Florida Land Use/Land Cover geographical information system (GIS)
database, 1995

b. Percentages rounded to the nearest tenth
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WATER RESOURCES

Surface Water Inflow and Outflow

Essentially all surface water inflows and outflows in the planning area are derived
from rainfall. The exception to this is the St. Lucie Canal (C-44), which also receives
water from Lake Okeechobee. In addition, most of the flows and stages in the regions’
canals are regulated for water use and flood protection. The amount of stored water is of
critical importance to both the natural ecosystems and the developed areas in the region.
Management of surface water storage capacity involves balancing two conflicting
conditions. When little water is in storage, drought conditions may occur during periods of
deficient rainfall. Conversely, when storage is at capacity, flooding may occur due to
excessive rainfall, especially during the wet season.

Surface Water-Ground Water Relationships

Sections of two vast aquifer systems, the Surficial Aquifer System and the
Floridan Aquifer System, underlie the St. Lucie watershed. Ground water inflows from
outside the area form an insignificant portion of recharge to the Surficial Aquifer System.
Rainfall is the main source of recharge to this system, and because of this, long-term
utilization of this source must be governed by local and regional recharge rates. The
Floridan Aquifer System, on the other hand, receives most of its recharge from outside of
the St. Lucie watershed.

The construction and operation of surface water management systems affect the
quantity and distribution of recharge to the Surficial Aquifer System. Although a major
source of water supply, in terms of their interaction with ground water, surface water
management systems within the planning area function primarily as aquifer drains. Adams
(1992) estimated that 19 percent of ground water flow in Martin County is discharged into
surface water bodies, while only one percent of aquifer recharge is derived from surface
water sources. Surface water management systems also impact aquifer recharge by
diverting rainfall from an area before it has time to percolate down to the water table.
Once diverted, this water may contribute to aquifer recharge elsewhere in the system,
supply a downstream consumptive use, or it may be lost to evapotranspiration or
discharged to tide.

Water Supply

Water for urban and agricultural uses in the region comes from three main sources:
the Floridan Aquifer System, the Surficial Aquifer System, and surface water. Surface
water is used primarily for agricultural irrigation, with the Floridan Aquifer System used
as a backup source during periods of low rainfall. Although the Floridan Aquifer System
is not hydraulically connected to surface water within the planning area, Floridan Aquifer
System water is usually diluted with surface water to achieve an acceptable quality for
agricultural irrigation.
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The Surficial Aquifer System is the principal source for public water supply and
urban irrigation. However, as the population in the planning area increases, the urban areas
are anticipated to increase their use of the Floridan Aquifer System as a source of drinking
water (SFWMD, 1998a).

Nonenvironmental water use assessments for 1990 and projections for 2010 were
made for five categories of water use. The category of public water supply refers to all
potable water supplied by regional water treatment facilities with pumpage greater than
500,000 gallons per day (GPD) to all types of customers, not just residential. The other
four categories of water use are self-supplied. Commercial and industrial self-supplied
refers to operations using over 100,000 GPD. Recreation self-supplied includes landscape
and golf course irrigation demand. The landscape subcategory includes water used for
parks, cemeteries, and other irrigation applications greater than 100,000 GPD. The golf
course subcategory includes those operations not supplied by a public water supply or
regional reuse facility. Residential self-supplied is used to designate only those households
whose primary source of water is private wells. Agriculture self-supplied includes water
used to irrigate all crops, and for cattle watering (SFWMD, 1998a).

From 1990 to 2010, the total water demand is projected to increase by 34 percent
(Table 4). Public water supply has the largest projected increase of 143 percent. However,
agricultural water demand is projected to remain the single largest category of use. In
1990, agriculture accounted for 84 percent of the total demand.

Table 4. Overall Water Demands for 1990 and 20102

Estimated Projected Percent
Demands 1990 | Demands 2010 Change
Category (MGYP) (MGY) 1990-2010

Public Water Supply 9,607 23,371 143
Commercial and Industrial Self-Supplied 850 1,570 85
Recreation Self-Supplied 7,233 13,910 92
Residential Self Supplied 6,398 6,876 7
Agriculture Self-Supplied 130,191 160,528 23
Total 154,279 206,255 34

a. Source: SFWMD, 1998a
b. MGY = million gallons per year

Agricultural drainage and residential development have extensively modified the
watershed of the entire St. Lucie Estuary. Major effects of these anthropogenic changes in
the landscape and water management practices are increased drainage manifested by a
lowered ground water table and dramatic changes in how storm water runoff is introduced
to the estuary. Typically, when a watershed is highly drained like the St. Lucie Estuary
watershed, all three runoff factors (quality, quantity, and timing) are negatively affected.
From a yearly cycle perspective, the quantity of water drained to the estuary is increased,
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the water quality is degraded and the seasonal distribution of runoft is altered such that dry
season flows are of lesser magnitude and less frequent and wet season flows are of greater
magnitude and more frequent. From a short-term perspective, these three factors are all
negatively affected due to the accelerated rate of runoff from the watershed. The vast
majority of runoff occurs within the first three days instead of over an extended period of
time.

Urban Water Supply Demands

Urban water demands include 1) public water supply provided by utilities,
2) residential self-supplied, 3) commercial and industrial self-supplied, and 4) recreation
self-supplied. In the Upper East Coast Planning Area, public water supply was the largest
component (40 percent) of urban water demand in 1990, followed by recreation self-
supplied (30 percent), residential self-supplied (27 percent), and commercial and
industrial self-supplied (4 percent). Urban water demand in 1990 was estimated to be
about 24 billion gallons per year and is projected to increase to almost 46 billion gallons
per year in 2010 (SFWMD, 1998a).

The driving force behind urban demand is population. Population numbers for
1990 were taken from the United States Census. Population projections for 2010 were
obtained from the county and local government comprehensive plans, derived from the
portions of the counties within the planning area (Table 5), and used to develop urban
demand projections. The total population of the planning area for 1990 is projected to
increase 77 percent in 2010 (SFWMD, 1998a).

Table 5. Estimated and Projected Population in the Upper East Coast Planning Area for 1990 and
2010, respectively?

Estimated Population Projected Population
1990 2010
Public Water | Residential Public Water | Residential
Region Total Supply Self-Supplied Total Supply Self-Supplied
St. Lucie Area 150,171 86,808 63,364 290,100 221,320 68,780
Martin Area 100,900 54,935 45,965 154,200 101,520 52,680
Okeechobee Area 1,015 0 1,015 1,625 0 1,625
Total Planning Area | 252,086 141,743 110,344 445,925 322,840 123,085

a. Source: Local Government Comprehensive Plans and United States Bureau of the Census, 1992

Agricultural Water Supply Demand

Agricultural water demand was estimated for 1990 to be approximately 130 billion
gallons. Citrus was by far the largest agricultural water demand (82 percent) and is
followed by sugarcane (11 percent). Vegetables, sod, cut flowers, and ornamental
nurseries combined account for about three percent of the total agricultural demand. The
combined water demand for cattle watering and irrigation of improved pasture also
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account for about three percent (SFWMD, 1998a). Subsequent analyses prepared while
updating the Upper East Coast Water Supply Plan (due in 2003) indicate that citrus
production is projected to gradually decline and level off, resulting in a 116 million
gallons per day reduction in water needs (SFWMD, 2001a).

Agricultural water demand is forecast to increase by 23 percent to 161 billion
gallons per year in 2010. Approximately 95 percent of the agricultural water demand is
anticipated to be for citrus (85 percent) and sugarcane (10 percent). Vegetables, sod, and
ornamental nurseries are each projected to represent about one percent of the total 2010
agricultural water demand (SFWMD, 1998a).

WATER QUALITY

A critical relationship exists between water quality and human activity, including
the use of land for urban, agricultural, and industrial purposes and withdrawal of water for
supply. Drainage, runoff, and seepage from developed lands carry sediments, fertilizers,
and pollutants into surface and ground waters. Increased withdrawals and the by-products
of treatment may increase the concentrations of impurities in the remaining water. Other
human activities such as waste disposal and chemical spillage have the potential of
degrading ground and surface water systems.

Modifications to the watershed have caused increased inflows to the St. Lucie
Estuary during the last 100 years. Construction of canals, land development, extreme
salinity fluctuations, and corresponding increases in sediment and chemical loadings have
contributed to major changes in the structure of plant and animal communities within the
estuary, resulting in loss of important features such as shoreline vegetation, sea grasses,
and oysters. Phillips (1961) described the marine plants in the St. Lucie Estuary. At the
time, mangroves were abundant in the North and South Forks and sea grasses, although
stressed, were still found in many areas of the estuary. Today, the presence of sea grasses
is severely limited and ephemeral and mangroves are sparsely distributed. Oyster
populations in the estuary are virtually nonexistent due to the continual exposure to low
salinities and lack of suitable substrate (clean hard objects) for larval recolonization
(Haunert and Startzman, 1980, 1985).

Lake Okeechobee and C-44 Canal Discharges

Major regulatory discharges from the C-44 Canal have been documented to
adversely impact the St. Lucie Estuary by depressing the salinity range far below the
normal range, and by transporting large quantities of suspended materials into the estuary.
Sedimentation problems in relation to C-44 discharges were recognized as early as the
1950s (Gunter and Hall, 1963). While current monthly average flows from the watershed
to the St. Lucie Estuary seldom exceed 2,500 cubic feet per second (cfs), regulatory
releases from the C-44 alone have produced flows in excess of 7,000 cfs. The quantity of
suspended solid material passing through the S-80 structure reached a peak of 8,000 tons a
day when daily discharges neared 7,000 cfs in 1983. Much of this material passes through
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the estu