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L MINIMUM FLOWS APPROACH FOR THE LOWER HILLSBOROUGH RIVER.

|| Background regardine development of a mimimum flow for Lower Hillsborough River

Due to environmental stress o the water resources in the Northern Tampa Bay area. Section
373.042 Fiorida Stames (F.S.), as amended by the Florida Legislarure in 1996, directed the
Dristrict to establish minimum flows and levels for priority water bodies in the region before
October 1, 1997, The Northern Tampa Bay arez 1s comprised of the counties of Pinellas, Pasco
and the northern poroon of Hillsborough. These counnes are locared in southwest Florida and
surround the northern half of Tampa Bay.

Secton 373.042, F.5. defines the minimum flow for a surface watercourse as "the limit ar which
further withdrowals would be significantly harmfiul ro warer resources or ecolpgy of the area”,
Secton 373.042, F.5. defines the minimum level of an aguifer or surface water body to be “the
level af proundwater in an aguifer and the level of surface water at which further withdrawals
would be significantly harmil to the water resources of the area”. The 1996 amendments to the
statute required the District to adopt minimum flows and levels in Hillsborough, Pasco, and
Pinellas County for priority waters thar are experiencing or may be expected 10 experience adverse
impacts. In response to this legislative direction, the District established minimum levels and
flows, one of those minimum flows being for the Lower Hillsborough River.

Secton 373,042, F_S. requires the District to use the best data available to set minimum flows and
levels. The legislative requirement to set the levels by October 1, 1997 was absolute, that is, there
was a limited ome to collect additional information. Because of the nime deadline, and the
associated requirement to usé the best information available, the District was constrained to use
existing data despite any assoclated limitanons of that data,

The process o develop the methods for determination of minimum flows and levels was an open
public process with all interested parties invited to participate in the development of methodologies
for determining the limit ar which significant harm occurs. For the Lower Hillsborough River,
the Tampa Bay National Esmary Program facilitated a technical advisory group which represented
the various interests concerned with the Lower Hillshborough River. The purpose of this advisory
group was to make recommendations o Distict staff for identifving and evaluating water
resources and ecological criteria necessary to establish minimum flows for the Lower Hillsborough
River.

Following this process the District staff finalized methodelogies and the minimum levels and flows
for approval by the Governing Board. However, effectuve July 1, 1997, paragraph 373.0421(1),
F.5. wasadded. Therefore, af the Board's direction, staff reviewed the previous work, additional
cdata as appropriate, continued meetings and workshops with affectad parties and held public
workshops with the Governing Board to ensure that the changes o the stamte had been taken into
account. On February 23, 1999, the Governing Board approved the subject minimum flow for
the Hillsborough River.
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As permitted under subsection 373.042(4), F.S.. substantially affected persons may request
Scientific Peer Review of the scientific and technical data and methodologies used to determine
the minimum flow for the Lower Hillsborough River, The purpose of this report 15 to document
for Scientific Peer Review the scienrific and technical data and methodologies used to determine
the minimum flow for the Lower Hillsborough River,

1.2 Boundaries and physical characteristics of the hydrologic svstem for the determination of

This document describes the technical analyses that were conducted in support of the establishment
of minimum flows for the Lower Hillsborough River. For the purposes of minimum flows, the
Lower Hillsborough River is defined as the river downstream of Fletcher Avenue as this
corresponds to the approximate upstream extent of the City of Tampa's waier supply reservoir
{Figure 2.1, page 2.2). Withdrawals from and operation of this reservoir affect flows to the odal,
ten-mile reach of the river that extends below the dam. The District's ecological analyses for the
determination of minimum flows for the Lower Hillshorough River concentrated on the effects
of various rates of flow on the tdal reach of the river.

The determination of minimum flows for both the Lower Hillshorough River accounted for the
fact thar this system has experienced exiensive changes and smuctural alterations. The
Hillshorough River near the City of Tampa has been impounded in one form or another since
before the mrm of the century. The present impoundment was built in the 1940's at the site of a
previous hydroelectric dam. The Hillshorough River below the dam is a highty modified system
which has experienced considerable shoreline hardening, filling of wetlands, sediment deposiion,
and impacts to water quality from stormwater runoff. The alterations to the Lower Hillsborough
River have been so extensive that hydrologic functions associated with floodplain and estuarine
wetlands have essendally been lost,

While accounting for the extensive changes and structural alterations to the Lower Hillsborough
River, the District evaluated the beneficial effects of various rates of flow of fresh and near-fresh
water on the downsream ecosystems. The existing flow regime of the Lower Hillshorough River
is characterized by prolonged periods when there is no discharge at the reservoir spillway other
than dam leakage. The District’s analysis concentrated on minimum flows that might be released
during periods when there would otherwise be no discharge at the reservoir spillway. The
evaluation of potential hydrologic and ecological benefits below the dam emphasized the
relationships of flows with salinity distribubons, dissolved oxygen concentrations, and the
distribution of biological habitats.

The District requested that the Tampa Bay MNational Esmary Program facilitate & minimum flow
advisory group to provide techoically sound recommendations to District staff for evaluanng water
resource and ecological criteria necessary to establish minimum flows on the Lower Hillsborough
River and Tampa Bypass Canal. The District beld several meetings with this group and received
their technical input which is presented in the Appendices to this report.
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To a large extent. minimum flows for the Lower Hillsborough River were evaluated
simulianeously with minimum flows for the Tampa Bypass Canal. Ecological findings for the
Lower Hilisborough River are presented in this report. A separate minimum flows report was
prepared for the Tampa Bypass Canal. However, because the Hillsborough River and the Tampa
Bypass Canal are connected systems, some information concerning the Tampa Bypass Canal is
presented in this report as it perains o the connected hydrology of these two sysiems.

1.4. Orzanizay 1

This geperal introduction is followed by five chapters tha: describe the technical information that
was used by the Duistrict 1o establish the minimum flow for the Lower Hillsborough River.
Chapter Two describes the physical and hydrologic characteristics of the Lower Hillsborough
River. Chapter Three presents the findings of the minimum flows advisory group facilitated by
the Tampa Bay National Esmary Program . Chapter Four describes the sources of ecological
mformaton the District evaluated to establish the minimum flow. Chapier Five presents the results
of a hydrodynamic model that was used o simulate the effects of various minimum flows on the
salinity regime of the Lower Hillsborough River. The adopted minimum flow is presented in
Chapter Six and the Literamure Cited is listed at the end of the report.
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2. PHYSICAL AND HYDROLOGIC CHARACTERISTICS OF THE HILLSBOROUGH
RIVER SYSTEM

21 Physical Cl -

The following deseribes the physical and hvdrologic charactenstics of the Hillsborough Raver
Svstem . A map of the Hillshorough River watershed is shown in Figure 2.1. A location map for
the Hillsborough Fiver Reservoir and Tampa Bypass Canal 1s shown in Figure 2.2. While the
subject of this minimum flaws determination is the Lower Hillsborough River, some consideration
of the entire system 15 necessary to appreciate the factors affecting flows w the Lower Hillsborough
Faver.

2.1.1 Hillsboroygh River. The Hillsborough River begins in the Green Swamp area of southeastern
Pasco and nomhwestern Paolk Counties. The nver flows southwesterly 54 miles to upper
Hillsborough Bay and drains approximately 675 square miles. Flows in both the upper and lower
reaches of the Hillsborough Fiver are partially derived from spring discharges. Crystal Springs,
located near the city of Zephyrhills, discharges an average of 58 cubic feet per second (cfs) in the
upper watershed, while Sulphur Spnings 1n the Tampa area discharges an average of 40 cfs.

2.1.2_Hills i ir. The Hillsborough River was first dammed in 1398, This
dam was destroyed in 1899 and rebuili the following vear, A hydroelectric dam was built in 1924
and the resultant reservoir served as a water supply for the City of Tempa Water Department. This
dam was destroyed in 1933 by a hurricane. The present structure was built in the same locanion and
completed in 1945, The Hillsborough River Dam is located about 10 miles above the mouth of the
river and impounds 2 dramnage area of approximately 650 square miles,

The reservoir created by the dam consists of 12.5 miles of natural river channel. The meandenng,
v-shaped channel and flood plain averages 15 feet in depth. Within the channel, there are many
sinkholes, ledges, and sandbars. At a maximum stage of 22.5 feet NGVD, the reservormr has a
capacity of nearly rwo billion gallons (Goetz, eral., 1978). The sterage for the minimum observed
stage of 14.9 feet, which occurred in 1977, is about 540 million gallons (Goetz, et al., 1978) .

2.1.3 Tamps Bvpass Canal. The Tampa Bvpass Canal {TBC), located east of the Ciry of Tampa,
was constructed during the period 1566 1o 1982 (refer to Figure 2.2). The canal was excavated in
the channels of the former Six Mile Creek/Palm River drainage systems. The purpose of the TBC
was 1o divert Hillsborough River flood waters 1o McKay Bay, bypassing the ciues of Temple
Terrace and Tampa. The TBC extends abour 14 miles south from Cow House Creek in the Lower
Hillsborough Flood Detenticn Area (LHFDA) 10 McKay Bay at the mouth of the Palm River. The
canal 1% subdivided intc three principal reaches: the upper, middle and lower pools (Figure 2.2}
which are separated by flow conwol stucrures, A soucture (S-160) at the downstream end of the
lower pool controls flow into the remains of the Palm River and finally into McEKay Bay. Smucture
160 also acts as a physical barner that prevents the upstream migration of saline water from the bay.
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Figure 2.1

Hillshorough River and Tampa Bypass Canal drainage basins.
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The 9,000 feet long Hameyv Canal connects the TBC middle pool and the Hillsborough River
Reservoir (Figure 2.2). A sorucrure (5-161) conrrols flow from the reservoir 1o the canal. Up o
4,000 cfs of flow can be diverted from the reservorr to the TBC through the Harney Canal dunng
flopding. The TBC can also carry convev cfs from the LHFDA. while the TBC lower pool 15
designed to pass a total maximum flow of 26,700 efs.

Since 1985, the TBC via the Harney Canal has been used 1o periodically augment water supplies in
the Hillsberough Reservoir. During time of low water levels in the Hillsberough River Reservoir,
waters are pumped from the Hamey Canal over Smucture 16! into the reservoir. Greater details
regarding reservolr augmentation from the TBC are presented 1o a later secuon of this report.

214 ITower Hilishborough River. The Lower Hillsborough extends approximately 10 miles
downstream of the Hillsborough Reservoir Dam. This section of the river is tudally-affected. The
watershed of the Hillsborough River downstream of the dam is 11,400 acres and is highly urbanized,
with residential and commercial land uses compnising 93 percent of the river's watershed below the
dam. Nearly all of tus land is drained by storm sewers, and 114 major stormwater outfalls enter
the nver below the dam. For over a century there has been extensive filling of fresh and salowater
wetlands associated with the lower river so that very linile of these wetlands remain. Similarly, the
shorelmne of the lower river has been highly modified, as approximarely 76 percent of the river
shoreline 1s either bulkhead fiprap, or fill. Natural shorelines compnise 26 percent of the lower miver
shoreline and most are near the dam. There are po patural shoreline covers downstream of the 1-275
bridge. Descripuons of the shorelines of the river are presented in the 1995 report by Water & Air
Fesearch and SDI Eovironmental Services, Inc., which for brevity 15 abbreviated as WAR'SDI
{1995) in this report.

Sulphur Springs flows into the river approximately 2.2 below the Hillsborough River Dam, or about
7.8 miles upstream of the nver mouth. The long-rerm average discharge for this second-order
spring is 40 cfs, but a declining wrend in flow from the spring has been reported by Stoker et al.
(1996). Average springflow in recent years has been about 31 cfs. Spring flow is regulated by a
conotrol structure at the spring boil and by a structure near the nver. Flow from the spring is
periodically diverted by the City of Tampa and used 1o augment the Hilisborough River Reservoir

Hill

This section summarizes the histonc hydrolegic conditions cbserved at the Hillshorough River
Reservoir, particularly as they relate to discharge to the lower Hillsborough River. The period of
record for stage and discharge measurements for the Hillsborough River Reservoir reported by the
U.5. Geological Survey (USGS) is 1939 to present. This gaping station is designated by the USGS
as the Hillsborough River near Tampa (# 02304500). During the period of record, water Ievels
(stage) in the reservoir have ranged from 14.9 feet 10 22.9 feet NGVD. In order 1o examine
hydrologie conditions duning a more recent ime interval, a frequency dismbution of water levels
in the reservoir is presented for the period 1974-1996 in Table 2.2. During this time the median
reservolr water level was 22.0 feet and 5 percent of all stage values were below 13.4 feet NGVD.
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Since the 1980s. the Hillskorough River Reservoir has been augmented by water pumped from
Sulphur Springs {1984 1o present) and the Tampa Bypass Canal via the Harney Canal (1585 1o
present). Augmentation has enabled the City of Tampa to maintain higher reservoir stages than
would be possible if only river inflows were available. For the period 1984 w0 1996, the reservoir
stage was below 20 feet NGVD only § percent of the time, compared 1o nearly 25 percent of the
time during the pre-augmentation period of 1974 to 1983 (Table 2.2).

Table 2.2 Frequency Distribution of Hillsborough River Reservoir Stage

Stage (feet, NGVD)
Combined Pre-augmentanon  Augmentation

Peniods Penod Period
Percentile 1974 - 1996 1974 - 1983 1984 - 1996

1 16.4 159 18.1
3 18.4 17.6 195
0 19.4 18.5 203
20 20.6 19.7 21.1
30 21.1 20.6 21.6
40 21.7 21.1 22.0
50 220 21.5 22.3
60 22.2 1.9 224
70 224 22.1 22.5
a0 22.5 22.3 22.6
20 226 125 22.6
95 2.6 22.5 22.7
9% 22.7 226 227

Daily records of streamflow that discharges from the Hillsborough River Reservoir at the reservoir
spillway are available since 1939, The annueal mean discharge at this size for 1939 to 1996 was 463
cfs. The median discharge for this same period was 152 ¢fs. Annual mean discharges for the 1935
to 1996 period of record range from less than 100 cfs to nearly 1700 cfs (Figure 2.3). The
maximum daily discharge of 13,500 cfs was recorded on March 21, 1960. The U.S. Geological
Survey (USGS) described the hyvdrologic records for the Hillsborough River Reservoir as “poor,”
indicating that differences berween the actual and estimated values may exceed 15 percent (Stoker,
etal., 1996). However, the data collected by the USGS represent the best available information for
streamflow at this location.

Discharge from the dam depends on reservoir inflows, water supply withdrawals, and losses due to
evaporation and sespage. Reservoir inflows can be estimated based on upstream watershed areas
and gaged flows from Trout Creek, Cypress Creek, the Hillshorough River at Morris Bridge and
Crystal Springs (see Figure 2.1). The period of record at the Morris Bridge gage goes back oaly to
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1974, thus limiting the penad for which mflows 10 the reservoir can be esnmated. Daily estimates
of reservoir inflows were developed for the period 1974 1o 1996 and are presented in Figure 2.2 The
frequency distribution of daily estimated reservoir inflows for the 1974 - 1996 ume period is given
in Table 2.3.
Table 2.3  Frequency Distribunon for Estmated Daily Reservoir [nflow and
Reservolr Outflow Records, 1974 - 1996, Flows rounded to the nearest integer.
Leakage through the dam typically reported at less than 0.5 cfs.

Feservoir Reservoir
Percendie Inflows Crurflows
{cfs) (cfs)
1 45 0
5 58 0
10 68 0
20 B3 0
30 103 1
a0 127 5
1H 164 35
&0 216 106
70 308 211
80 478 394
90 916 B65
a5 1379 1310
90 2565 2270

For the period 1939 to 1973, when only reservoir outflows were measured, it can be assumed that
inflows to the reservoir equaled or exceeded outflows since water supply withdrawals were made
from the reservoir. There were probably also seepage losses from the reservoir. A conservatve
estimate of reservoir inflows can therefore be made for 1939 to 1973 from the record of reservoir
outflows for that period. Ne adjustments for vearly withdrawals from the reservoir were made to
these estimates.

Figure 2.3 shows a hydrograph of yearly mean outflows from the reservoirr (1939 - 1996) and
estimated yearly mean inflows to the reservoir (1974 - 1996). Though the pre-1974 ourflows
represent conservative inflow estimates, there were many more high inflows years before the 1970s
than after. Sixty percent of the years berween 1939 and 19659 had average yvearly flows greater than
500 cfs, whereas only 13 percent of the years after]1974 had average yearly flows greater than that
amount. This study did not evaluate any possible causes of this reduction in average yearly inflows,
or impacts to other stream flow charactenistics such as base flow.

Stoker et al. (1996) reported declining trends in reservoir outflows during 1939 to 1992. The rate

of decline in the annual mean discharge was 7.7 cfs per year, They also identified decreases in 7-
day and 30-day low flows and 7-day and 30-day high flows for the same time period. No attempt

2.6




{°g amdy

Jes )
000z 066, 086L. O0/6L 0964 0S6L  O¥6L  OE6l
— ~ L 1 I 1 1 i | 1 1 i 1 1 - E.
— s z7 \If !§|i.: - 008 W__
-
c
]}
=
B
— — — . as ﬁ—ﬁ.—-ﬁ—.—‘ =1 -
| , 5 :
0
-
T - 00S1 ,.w.u
89 'MO|ju| —=— SJ0 'MOJANQ ——
S — —— et EGN
9661 - 661

SMO|JU| Pajeww}sT @ SMOPINQ JIOAISSaY



was made to idenufy the causes of sreamflow declines. However, the authors cited deficit rainfall,
alteration of drainage panterns, decreased base flows, and increased water use as possible factors.
Table 2.2 on page 2.6 shows the frequency distribution of reservoir outflows ar the Hillsborough
River near Tampa gaging staton for the period of 1974 to 1996, The median outflow for the
reservolr was 35 cfs, while the outflow was less than one cubic foot per second about 30 percent of
the time. Flows less than | cfs represent estimates of dam leakage,

Figure 2.4 shows hvdrographs of daily flows from the Hillshorough River Reservolr for the years
1990 10 1997 1o give the reader a sense of the dailv flustuation in discharge that cccurs at the dam.
Climatic patterns in southwest Florida produce a summer rainy season during which more than half
of the yearlv sreamflow typically occurs in regional rivers. The hvdrographs reflect this pamern,
as high flows from the reservoir typically occur during the months of July through Ociober, Low
flows from the reservoir generally occur during the months of Movember through June, aithough
exceptions to this pattern can occur such as the wet winters of 1993, 1996, and 1997,

The hydrographs show that during the dry season there are often prolonged penods when there is
no discharge from the reservoir spillway. The number of zero-flow days (< | cfs) have shown
dramatic increases beginning in the 1970s (Figure 2.5). In 1943 there were five zero flow days,
which may have been associated with the completon of the dam. Berween 1945 and 1968, there
were no zero-flow davs as withdrawals increased steadily, but there were 22 zero-flow dayvs i 1968
as withdrawals reached 40 mgd. Zero-flow days increased substannally durng the 1970s. From
1970 through 1995, only the vears 1987 and 1988 experienced no zero-flow days, The number of
zero-flow days have exceeded 200 days per vear six tmes since 1972,

Withdrawals from the reservoir are reported to have begun in the 1920s, but records for withdrawals
date from October, 1945, Average vearly withdrawals rates since 946 are shown i Figure 2.5.
Increasing water use has certainly plaved a role in the increased occurrence of zero-flow days at
the reservoir dam. Declines in reservorr inflows discussed earlier have alse probably had an effect.
Constructon of the Tampa Bypass Canal (TBC) may have affected ground-water inflows and
outflows to the reservoir and the frequency of zero-discharge days. Construction breached the
Upper Floridan agquifer and increased ground-water inflow to the canal by approximately 20 mgd
{Koutilla and Corral, 1934). However, the fraction of this flow that originated in the vicinity of the
Hillsborough River Reservoir has not been quantified Augmentation of the reservoir with water
from the TBC via the Harmmey Canal since the mid 1980s has returned some or all of the water lost
by increased groundwater seepage from the reservolr.

Since 1979, outflows from the reservoir have also been periodically affected by the diversion of
high flows from the Hillsborough River 1o the TBC flood control system. Operation of TBC
structures allows diversion of upstream river flows through the Lower Hillsborough Flood Detention
Area o TBC and reservoir inflows through the Hamey Canal 1o the TBC. Records of these
diversions have not been well-maintamed, and generally the magnitudes of these diversions are
unknown.
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2.3 Warer Use in the Hillsborough River Watershed

The City of Tampa bas historically depended on four sources to meet water supply demands: the
Hilisborough River Reservoir, the Morris Bridge wellfield, the TBC and Sulphur Springs. Currently
permitied quantitics are shown in Table 2.3 in units of million gallons per day (mgd).

Table 1.3 Permitted withdrawal quantities (mgd) for the Cirv of Tampa

Average Annual Day Peak Month | Maximum Day
Hillsbarough River B2 92 ' 104
Tampa Bypass Canal 20 ] none specified | 40
Sulphur Springs 5 10 | 20
Morris Bridge WF 15 27 l 30

Contnuous data of withdrawal quantines from the reservorr are available back to 1945, The first
full year of withdrawals was 1946 when 15 mgd was withdrawn (Figure 2.5). Water demand
increased steadily through 1972, Demand remained reladvely constant from 1972 through 1977,
The Hillsborough River was the sole source of water supply for the Ciry of Tampa until 1978 when
the Morris Bridge wellfield was brought on line. Total demand on the City's supply mereased
through 1981 but reservoir withdrawals remained about 50 mgd. In 1984 and 1983, the City of
Tampa began to augment the reservoir from Sulphur Springs and the TBC, respectively (Figure 2.6).
After 1985, withdrawals from Mormis Bridge wellfield were reduced and withdrawals from the
reservioir increased again. During the vears 1976 to 1996, vearly average rates of 58 to 66 mgd have
been withdrawn from the reservoir,

Withdrawals from the Tampa Bypass Canal and Sulphur Springs are copsidered augmentation to
the reservoir, since they are pumped into the reserveir prior to withdrawal at the water treatment
plant. Reported withdrawals from the reservoir include those waters augmented from the TBC and
Sulphur Springs. Withdrawals from the TBC and Sulphur Springs are regulated by augmentation
schedules that are based on water levels 1n the Hillsborough River Reservoir. From 1989 through
1996, the Ciry has augmented every year from the TBC (Figure 2.7). Sulphur Springs has provided
augmentation in only three of the seven vears and generally provides 10 percent or less of the total
augmentation quantity.

In March, 1999, the District issued a new water use permit to Tampa Bay Water Authonity 1o divent
water from the Hillshorough River Reservoir through the Hamey Canal to a2 water supply facility
1o be built adjacent to the Tampa Bypass Canal Withdrawals for this permit cannot begin until
flows ar the Hillsborough River Dam exceed 100 ofs, Withdrawals begin at 10 percent of flow
measured at the dam and ramp up to 30 percent of flow beginning at 215 efs. A maximum diversion
capacity of 300 cfs is specified The effects of these diversions, which will begin in 2001, were
net included in the District’s analysis of minimum flows for the Hillsborough River. The minium
flows analysis, instead, concentrated on flows that could be provided at the dam in the dry season
when there would otherwise be zero flow at the dam.
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3. RECOMMENDATIONS OF THE MINIMUM FLOWS ADVISORY GROUP AND
SUBMITTAL OF ASSOCIATED REPORTS

3 l& of minimu ws advisory

In October, 1996, the Southwest Florida Water Management District requested thar the Tampa
Bay National Esmary Program (TBNEP) facilitate 2 technical advisory group for the establishment
of minimum flows for the Lower Hillsborough River and the Tampa Bypass Canal/Palm River
system. This advisory group met on approximately a monthly basis through May 1997, The
advisory group included representatives of state, local and regional agencies, municipal and
regional utilites, ciuzen environmental groups. and professionals from private firms and
laboratories.  The objective of the minimum flow advisory group was defined at the inidal
mesting and subsequently clarified as follows:

Provide techaically sound recommendatons o SWFWMD swaff for identifying and
evaluanng the waier resources and ecological critena necessary (o establish minimum flows
on the Hillsborough River downsiream of the dam and on the Palm RiverTampa Bypass
Canal downstream of Structure 160.

The advisory group's final recommendations to the District are listed in Section 3.3. It was
determined that the role of the group did not include providing 2 definition of "significant harm"
as that term is used in Sec. 373.042 Flonda Statutes, nor would the group recommend a specific
minimum flow rate for either the Lower Hillsborough River or the TBC. Instead, the advisory
group recommended criteria the District should evaluate and consider in establishing minimum
flows. A chronological summary of the committee meetings prepared by TBNEP staff (Appendix
N-2) provides some background on how the recommendations were developed.

In support of the advisory group's activities, the TBNEP managed a conrract with Coastal
Environmental e consolidate previously collected data for the river and canal and develop
statistical models for salimiry distributions and dissolved oxygen concentratons as a funcrion of
freshwater inflow, Funding for this contract was equally shared by the City of Tampa and the
Southwest Florida Water Management District. Also in support of advisory group activities, staff
from the Flonida Deparmment of Environmental Protectuon Marine Research Instmte (FMRI)
performed new analyses of data collected from three tributaries as part of the fisheries independem
moritoring program for Tampa Bay. The District reviewed and considered the findings of these
spudies in its minimum flows evaluation. The repont by Coastal Environmental (1997) is
discussed in Section 3.4 and that report is being provided to the scientific review panel for their
use, The findings of the FMRI analysis are discussed in Secuon 3.5 of this report and presented
in Appendix N-4.
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3.2, Mini . hnical

The minimum flows advisory group identified several points of agreement regarding criteria for
establishing minimum flows, Two key points were that salinity and disso!ved oxygen are critical
water qualiry variables affecting the abundance and dismibuton of organisms in the Lower
Hillsborough River. Accordingly, the determination of minimum flows evaluared how freshwater
flows affect the disributon of salinity and dissolved oxygen concentrations in the lower river.
The protection and enhancement of fish populations were identified as important ecological criteria
and the relationships of freshwater flows to the abundance and distribution of potendal fish habitat
were evaluated. The relatonships of other biological paramerers (e.g.. benthic mmverebrates.
shoreline plant communities) w freshwater mflows were evaluated as they affect the overall
biological integrity and productivity of the systems.

Based on these considerations, the basic appreach for minimum flows determination was to
evaluate salinity and dissolved oxygen distributions in the Lower Hillsborough River as a funcnon
of freshwater infiows. Statistical models and a determinisnc model were used to evaluate salinity
dismbutions in the Lower Hillsborough River as a function of inflows of fresh and/or near-fresh
water. Statisucal analyses were used to predict dissolved oxygen concentracons and the
probability of expenencing hypoxic {low dissolved oxygen) condinons in the Lower Hillsborough
River under various mmimum flow releases.

Salinity and dissolved oxygen distributions caleulared by these methods were compared to potengal
habitars available for fish and other organisms. Physical habitat features that were compared to
salimity and dissolved oxygen distributions included shoreline length, vegetaled shoreline, river
distance, surface area, botiom area, and river volume, Previous biological data for the rniver were
used o evaluate species that could be expected o use potental habitats. Also, relationships of
different species w salinity, dissolved oxygen, and physical riverine/esuarine habitats described
in the techmical literature and data from other tributaries to Tampa Bay were used to evaluate
potental habitat use.

The amount of freshwater and low and medium salinity habitars in the river were quantified for
various minimum flow releases. The probability of experiencing low dissolved oxygen
concentrations was evaluated for the same releases, Starting with the existing flow condition,
improvements in habitat quantity and quality were evaluated in a stepwise manner for incremental
increases in mimmum flows,
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The advisory group formulated and presented 1o the Dismict the following recommendations
regarding minimum flows for the Lower Hillsborough River {also see Appendix N-1).

1. Define ecolegical criteria or goals for dissolved oxygen concentrations in the Hillsborough
River as a minimum of 4.0 mg/l and average 5.0 mg/l for cpnmizing fish utlization. If
these criteria cannot be feasible met at all times and in all locations. mmimize time and
areas in the river where dissolved oxygen is less than 4.0 mg/].

Commeni: Several members of the Advisory Group expressed concern that
“opumizing fish utlization”™ misrepresented the intent of the statement, and that
*enhancing” may be a more appropriate term. Others did not share the same
concern.

-

Maintain a salinity gradient from the esmary to the dam ranging from polyhaline (> 18
ppt) o fresh (<0.5 ppt), to opuimize eswanne-dependent fish species utilizaton.

3, Maintain a freshwater segment below the dam w provide a refuoge for freshwater biota,

Commenst: Some members of the Group questioned the ecolegical value of
maintaining freshwater biota below the dam. Although many members agreed that
maintaining freshwater biota below the dam could be of value to the ecological
integrity of the system, the Group did not reach full consensus on this jssue,

4, Evaluate other ecological issues and analytcal tools related to freshwater flow
management, including impacts on manatees and changes in water quality related o
diverting a portion of the Sulfur Springs discharge.

5. Test the reliability of the management tools through a senies of conmolled releases of
freshwater from the reservoir. Commencement of this work should be contingent upon
a determination by SWFWMD and the City of Tampa of the need for a conrolled release
experiment.

Additional information from the Districs; The District has initialed new data
collection on the river, including thres continuous salinity recorders operated by
the USGS and periodic boar measurements above Sligh Avenue. These data are
being used for addifonal verification runs of the District’s deterministic mode].
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3.4 Minimym flow smdy by Coastal Envirgnmental

The District and the City of Tampa interacted with the mimmum flows advisory group to develop
a scope of work for Coastal Environmental (a division of Post, Buckley, Schub, and Jernigan,
Ine, ) w analyze data previously collected for the Lower Hillsborough River. This project involved
statistical analysis of the daa and development of empinical models to predict salinity distributions
and dissolved oxygen concentrations in the Lower Hillsborough River (Coastal, 1997).

The summary of findings of the minimum flows advisory group included a comment prepared by
the NEP staff and Coastal Environmental that stated "Due to the deficiency of low-flow data, the
empirical mode! presented in the reporn cannot be used 1o reliably predict salinity levels in the
river nor changes in saliniry-based habitar due to dam releases when flows are greater thap 0 cfs
and less than 30 cfs” (Appendix N-1). The amount of salinity data just below the dam during low
flows 15 given further discussion on pages 4,26 through 433, Also, a limitation of the WAR/SDI
study was that there was not a station in the river channel in close proximity to Sulphur Springs.
Daata collected during no-discharge periods dunng 1996 (Table 4.2) show that shallow depths in
the river near Sulphur Springs can be lower in salinity than at either the nearest upsoream or
downstream WAR/SDI stations (3 and 5). Since the empirical model (Coastal, 1997} uses data
from these two statons to predict saliniry values between them, the model probably slightly
overestimates salinity at some shallow depths in this reach of the river,

In general, the empirical model provides very useful informanon regarding salinity distributions
and saliniry based habitat in the lower river, but the District concurs the model curput should not
be used to evaluate the effects of flows berween 0 and 30 cfs. The District believes the results of
the river-wide empinical model are best viewed along with the other analytical resuits that were
generated for the lower nver. In particular, the fixed station regression models presented in
Coastal (1997) and the hydrodynamic mode] (Chapter 5) are good comparative tools for evaluating
the effects of different guantties of fresh and near-freshwater inflows on salinity in the river.

The TBNEP staff and Coastal Environmental also suggested the empirical models presented in the
report cannot be used w reliably dissolved oxygen concentrations ar fixed stations in the river or
the frequency at which specified dissolved oxygen concentrafions will be achieved throughout the
river. These suggestons were based the generally low r-square values for these regressions and
toe low number of observauons recorded during low flows from the dam in the WAR/SDI data
sel. They also suggested the limitatdons of the various analytical tools, including the District's
hydrodynamic model, be made clear o policy makers when presenting results and making
presentations (Appendix N-1).
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Staff from the Florida Deparmment of Environmental Protection Marine Research Instinete (FMRI)
partcipated on the minimum flows advisory group. In order o describe the use of ndal rivers by
fish species present Tampa Bay, FMRI siaff made a presentation o the group regarding fish
distribunions observed in smdies of the Litle Manatee River. Discussions were held about the
relatipnships of the different life stages of esmuanne dependent fishes to salimity distributions in
the bay's tributaries. It was concluded that in order o offer maximum benefir to the most species
of fish, the salimity gradient in the lower river should be complete (i.e. from fresh waler 1o greater
than 18 ppt). It was clarified that it would be suitable if the I8 ppt waters were located ourside
the mouth of the river since the estcary would stll bave a complete salinity gradient. [t was
conciuded a complete salinity gradient would be valuable throughout the vear, as there are always
some species in the Lower Hillsborough River that could benefit from such a gradient.

Upon request by the advisory group, FMRI staff volunteered to perform new analyses of fish
carch data from three tdal rivers monitored as part of the fisheries independent monitoring
program. A summary of these analyses that was prepared by FMRI siaff and presented to the
group is included as Appendix N-4. The FMRI presented data from three tidal rivers on the bay;
the Alafia, Little Manatee and Manatee. Sampling in each river was by a 21-m boat seine and a
6.1 m otter wawl. Sampling for each gear was based on a stratified random design in which
sampling was randomized within designated geographic areas. Efforts were made to sample
across the salinity gradient and the fish carch dara were classified into salinity zones determined
by the Venice system. Because the freshwater/saltwater mixing zone moves many miles in these
rivers on a seasonal basis, there were many sampling dates when cenain salinity zones were not
sampled.

A summary of the number of samples taken in each salinity zone on each river is shown on page
N4-8. The Linle Manatee River had the most freshwater samples by seine, while the Manatee
River had by far the most polvhaline (> 18.0 ppt) seine samples. These differences in sampling
effor: per salinity zone were due to differences in the prevailing salinity regimes of these rivers,
combined with navigational limits to areas the sampling boats could get to. The average {or
median) salinity of sampling was very similar for the Alafia and Little Manatee Rivers (about 9
ppt}, but was considerably higher (23 ppt) for the Manatee River (page N4-2). Due largely to the
inclusion of the Manatee River in the analysis, more samples were collected in polyhaline waters
than zoy other salinity zone.

Table 1 in the FMRI handout lists the number of fish caught in each salinity zone (pages N4-9 to
N4-12). The density weighted mean saliniry at capture (and standard error) for each species that
was caught in t2n or more samples is presented on page N4-16. These same staristics are ploted
for 13 important species oo page N4-17. The snook {Centropus wnidecimalis) had a mean salinity
at caprure of 4.05 ppt, while three species had mean salinities at caprure of about 9 pars per
thousend. Seven species had mean salinities at caprure between 12 and 17 ppt. while two species,
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the silver jenny (Eucinostomus gula) and the sand seatrout {Cynoscion areranius), had saliniues
at caprure of greater than 20 ppt. [t should be noted the standard errors around the mean for each
species are relarively large and many species were widely distribured during the smady.

The lengths of fishes analyzed are presented with the salinity at capure statistics (page N4-16).
The FMRI study largely captured fishes in the juvenile stage. although this varied between
species, For some species, the mean salinity at capture varied with the length. For example. the
mean saliniry at capoure for two seatrout (Cynoscion) species was lower ar lengths berween 40 and
70 mm than for lengths less than 30 (pages N4-19 and N4-20). This paniern occurred because
these species tend to migrate into low salinity zones as juveniles. Many esmarine dependent
species migrare into low saliniry waters as they grow from larval to juvenile stages, then migrate
back w higher salinity waters as they mamre from juveniles to adults.

Another useful document for examining the salimity at caprare for early life stages of esmarine
dependent fish that was discussed by the advisory group is the ichthyoplankton study of the Little
Manatee River by Peebles and Flannery (1992). This study used night-time plankton trawls with
nets with a 505 micron mesh. Comparisons can be made of the saliniry at capure for cerain
species between these two reports. For some species (e.g., Anchoa mirchilli), the saliniry at
caprure is lower in the Peebles and Flannery report because earlier life stages and smaller lengths
were captured,

The data presented by FMRI and included in Peebles and Flannery (1992) were used to assess
general fish urlization and fish/salinity relationships in tributaries o Tampa Bay. This
information was then compared to the fish data collected as part of the WAR/SDI smdy. Some
members of the group suggested that potential fish utilization in the Hillsborough should be less
than these other mibutaries because of the highly urbanized namre of the river’'s shoreline. In
essence, even if salinity and dissolved oxygen concentrations in the Hillshorough were suitable,
fish populations would be smaller due w river's modified morphology and loss of odal wetlands,
[n response in this issue, FMRI segregated their seine carch data into four shoreline classifications;
unvegetated, emergent vegetation, overhanging vegetation, and hardened shoreline (N4-26 to N4-
30). The resulis showed that substantal numbers of fishes were caught adjacent to hardened
shorelines. For some notable species (Anchoa mirchilli. Scienops ocellatus, Cynoscion nebulosus)
the shorelined class was ranked first or second with regard to average number caughi.

FMRI staff pointed out thar these results are partly related to the sampling gear. Seines can be
more effective at capturing fisk against a hard shoreline than when the fish can escape into marsh
plants or roots.  Also, the rivers analyzed by FMRI have substantial areas of nawral shoreline
and the funcdons of tidal wetlands mn maintaiming food-webs in those rivers are important.
Overall, the WAR/SDI data for fishes in the Lower Hillsborough River and the FMRI data from
other mbutaries indicate that although the lower river has been substantally modified, it is capable
of supporting valuable fish communities that warrant proper management.
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4. ECOLOGICAL ASSESSMENT OF THE LOWER HILLSBOROUGH RIVER

4.1 Sources of Ecological Datg and [nformation

To evaluate minimum flows for the Lower Hillsborough River the Dismct pnncipally rehed on
the six sources of ecological dag and information thar are listed below,

1. A hydrobiological smdy of the Lower Hillsborough River and the Tampa Bypass Canal
required by special conditions of warer use permits issued o the Ciry of Tampa and
the West Coast Regional Water Supply Authority (WAR/SDI, 1995}

2. Data for salinity. dissolved oxygen. and water quality parameters available from the
Hillsborough Counry Epvironmental Protection Commission.

3, Dara for salinity and dissolved oxygen concentrations in the Lower Hillsborough River
measured by connnuous recorders operated by the U.5. Geologica! Survey.

4. A report published by the Tampa Bay Natopal Estuary Program (TBNEP) that was
requested by its minimum flows advisory group to the District. This report, which
was prepared by Coastal Environmental, Inc. (Coastal, 1997), analyzed dara from the
three sources listed above, Funds for this report were provided by the City of Tampa
and the Southwes: Florida Water Management District.

5. An analysis of salinity at capture and the abundance of juveniles for various fish
species i other tributaries to Tampa Bay prepared by the Florida Marine Research
Instinute (FMRI).

6. A bydrodynamic model of the Lower Hillsborough River prepared by the District.

Results and conchesions from the firse three of these data sources are summarized in this chapter.
Results of the Coastal (1997) and FMRI studies are discussed in Chapter Three and the results of
the hydrodynamic model of the Lower Hillsborough River are discussed in Chapter Five., Other
smudies the District considered in determining minimum flows for the Lower Hillsborough River
are those by Ross (1980), Mewcalf and Eddy (1983), Mote Marine Laboratory (1984), Peebles and
Flannery (1992) and HSW Engineering (1992). Owerall, these combined sources of data and
studies comprise the best available information for establishing minimum flows on the Lower
Hilisborough River.

Al the 1991 renewal of the water use permits required to withdraw water from the Hillsborough
River Reservoir and the Tampa Bypass Canal, a hydrobiological study of the Lower Hillsborough
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River and the Tampa Bypass Canal was required of the perminees (City of Tampa and West Coast
Regional Water Supply Authority). With that renewal the average annual withdrawal quandry
permitted from the Hillsborough River Reservoir was increased from 62 1o 82 million gallons per
day. The purpose and regulatory application of the hydrobiological smdy is described in special
condiuons contained in the watér use permits issued to the City of Tampa and the West Coast
Regional Water Supply Authonty. Field data collecton for the hydrobiclogical smdy was
concucted berween the years 1991 and 1994 by the firms of Water and Air Research and SDI
Environmental Services, Inc.. with the report published the following year (WAR/SDI. 1995).

The hydrobological study included collection of a wide array of physical. chemical and binlogical
variables including saliniry. water guality, phyvioplankion, benthic macromnvertebrates, fishes, and
shoreline vegetation.  Although the withdrawal/augmentation schedule and some of the
corresponding ecological conclusions contained in Chapters 8. 9 and 10 of the WAR/SDI (1995)
report are 0ol necessarily endorsed by the Dismict, the hydrobiclogical stdy is a principal source
of daa the Distnet relied on to evaluate the biological characteristics of the Lower Hillsborough
River and Tampa Bypass Canal and their relanonships to freshwater inflows. Some general
findings from the hydrobiological study relevant to the determination of minimum flows for the
Lower Hilisborough River are summanzed below. A map of the stanons that were sampled as
part of the hydrobiological study are shown in Figure 4.1.

4,2 1 Shoreline Habitar Inveptory. The Lower Hillshorough River is a highly modified system.
Meost of the wetlands associated with the shoreline of the lower river have been filled and

considerable sections of the shoreline have been hardened by seawalls, rip-rap or other material.
Twenty-four percent of the wotal shoreline is presently in pamural cover. River segments nearest
the dam have the highest percentages of namral shoreline, with 89 percent of the shoreline above
Rowlett Park bridge (22nd 5t.) in namral cover.

4.2.2 Saliniry Mean surface salinity values in the Lower Hillsborough River ranged from 3.9 ppt
at station 2 (0.5 miles below dam) to 15.7 ppt at station 10 near the river mouth. Salinity in the
lower river was highly variable. Discharge from the reservoir resulted in a freshwater zone below
the dam. The response of salinity to freshwater inflows in the Lower Hillshorough has been the
subject of considerable analyses beyond that presented in the WAR/SDI hydrobiological study.
The results of these analyses are presented later in this and the following chapters of this report.

4.2.3 Dissolved Oxygen. Surface dissolved oxygen (DO} wvalues generally imcreased
progressively downstream in the lower Hillshorough River. Low surface DO values were
typically found at stations 3 and 5 during periods of no discharge from the dam. Surface DO
concentratons at stations 2, 3, 5 and 6 were positively correlated with discharge from the dam.
Depleton of DO with depth was commeon in the lower river, and there were frequent problems
with bypoxia in bottom waters. In stations nearest the dam (2 and 3), bottom DO concentrations
were closely related to the rate of freshwater inflows.
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l ; Figure 2.1 Location of WAR/SDI and USGS stations in the Lower Hilisborough River
Adapted from WARSSDI (1995).
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4.2.4 Water Chemistry  Station means for total suspended solids (TSS) increased downstream
in the Lower Hilisborough River and were negatively correlated with discharge ar all mver
stations. Turbidity was also negatively correlated with discharge ar rwo stations in the Lower
Hillsborough River, Color and ortho phosphorus were positively correlated with discharge i the
Lower Hillsborough, while Secchi disk values were negarively correlared with discharge.

4.2.4 Chicrophyl] 3 and Phyioplapkton. Median values of chiorophyl]l g in the lower river
generally increased downstream toward the bay, ranging from 3.8 ug/l at stanon 3 to 17.3 g/l

at starion 9. Mean values also generally followed this pantern but were heavily infiuenced by a
phyvtoplankton bloom during December 1992, Chlorophyll 2 was negatively correlated with
discharge from the dam at al] stadons in the lower river.  Freshwater inflows resulted in shifts
in phytoplankton group dominance in the lower river, reflecting the lower river's variable
physico-chemical environment. During dmes of high reservoir discharge, freshwater taxa were
found extending downstream from the dam.

4.2.6  Bepthic Macrpinveriebrates Many of the invertebrate collectons in the Hilisborough

River were indicative of stressed environments with low DO concenrrarions. Low values for
population densiry. species richness, and diversity were common during the smdy. but were most
frequent nearest the dam (Station 3). Communities collected from shallow waters at stations 3 and
5 during the second year of smdy generally had one to three orders of magnitude more organisms
than collections from mid-channel areas, apparently due in [arge part to higher D0 concentranons
in the shallower watérs.

Changes in salinity resuling from discharges from the Hillsborough River dam affected benthic
communites primarily at stagons 3 and 5. During periods of peak discharge, a shift in
communiry compositons from estuarine species to freshwarter species occurred at station 3. The
freshwater populztions rapidly decreased following termination of discharges from the dam and
a return 1o more saline conditions.

4,27, Ichthvoplankion Ichthvoplankton captured in the Lower Hillsborough River were
primarily the egg, larval, and jovenile stages of marine-derived fishes that tend to spawn in high
salinity waters. These species migrate into lower salinity waters as juveniles and utilize these
esmarine habitars. Compared to the Lintle Manatee River, which was sampled in another smdy
{Peebles and Flannery, 1992), the Hillsborough River had lower taxonomic diversity, richness and
evenness, which appeared to be relaied to poor representation of subsirare associated fishes, A
propounced reduction in abundance of larval stages in the Lower Hillsborough River appeared
related to benthic hypoxia.

4.2 8. Juvenile Fish, Fishes collected during the two year period were primarily adults and
Juveniles of small-sized resident species and the juveniles of seasonally abundant immigrant
species. Juvenile fish abundance increased progressively downstream in the Lower Hillsborough
River. The abundances of many taxa reflected responses to freshwater inflows and salimity
regimes. Although numerically small, the freshwater resident community was an important
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component of the Lower Hillsborough River, where it was largely restricted to the two most
upsream juvenile fish stations (WAR/SDI 1995; page 9.10). The transient fish communines &
the lower river were important because most of the taxa represented juveniles of species of spon
or commercial value, All transients were marine species thar seasonally entersd the soady sites
as young-of the year, using these sysiems as nursery areas.

The Dismict performed additonal analyses of the salinity and DO data collected during the
WAR/SDI hydrobiplogical sudy. Diara from thus soudy were also analyzed in the report published
by the Tampa Bay Nauonal Esteary Program (Coastal, 1997), which i described in Chapter Three
of this report. Plots and stansucal summaries of WAR/SDI data prepared by District staff are
presented in the following sections and compared o the findings of these other two studies
(WAR/SDI, 1995: Coastal, 1997).

Summary statisncs for saliniry in surface and bottom waters are presented in WAR/SDI (1995)
for periods when there was discharge and no discharge from the City of Tampa dam. Similar
stanstics are presenied in Table 4.1 for the discrete depths measured in the in situ vertcal profiles.
The locations of the WAR/SDI staticns are shown in Figure 4.1. Waters as deep as two meters
were routinely measured at eack station. However, the number of observations for 3 meters depth
or greater were less due o differences in tide stage or the exact location of sampling between
trips. Mo discharge is defined as days when three-day average flows at the dam were < 2 efs.

Several points from Table 4.1 are worth notng. During discharge conditions there is typically
fresh water at Station 2, while during periods of no discharge mean salinities ranged from 5.8 1o
6.5 ppt at the different depths at that location. The gquantity of water that is needed to produce
freshwarer conditicns near station 2 has been the subject of considerable analyses which are
presented later in this report. Mean salinity values of less than | ppt were also found at zero and
one meter depths at station 3 during discharge condinions. Plots of salinity versus flow at station
3 and all other WAR/SDI stations in the river are presented in Appendix C.

Starions 5 and 6 are important because they were the closest WAR/SDI stations downstream from
Sulphur Springs. Dunng discharge conditions, vertcal saliniry gradients generally differed by
4 to 6 ppt over the top 3 meters of water. During no-discharge conditions, steep vertical salinity
gradients were observed in the wop meter of water. Differences in mean salinity between zero and
one meter during no-discharge conditions was 5.7 and 5.0 ppt at stations 5 and 6, respectively
(Table 4.1). Since the surface reading was actually taken at about 0.3 meters depth, steep salinity
gradients were observed very near the surface during no-discharge conditions.
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discharge and no-discharge condiiens. Unless otherwise noted in parentheses for 3 m depth.
the number of observations (N} is 1& for discharge and 24 for no-discharge condivons. All
values expressed as parts per thousand.

DISCHARGE NO-DISCHARGE
(3-day flows > 2 cfs) {3-day flows < 2 cfs)
Startion 2
Surface 0.2 £ 0.9 5.8 4+ 3.1
1M 0.2 = 0.9 6.2 = 3.0
M 0.2 £ 1.0 6.5 + 3.1
iM 0.0 {23 IS +38
Bomom 03+1.1 6.3 + 3.1
Smtien 3
Surface D4+ 1.2 57 £ 2.9
M 0.6 1.7 E6 + 45
M 19+ 44 10.6 £ 5.6
iM 224+ 54 (12) W09+ 54 (15
Bottom 20+ 46 i1.4 + 5.7
Sration 5
Surface 09+15 56+ 1.1
1M 25+ 39 11.3 £ 5.3
2M 531+ 68 144 + 58
iM 4.9+ 74 (10 143 + 58 (19
Boom 57+ 68 |46 = 5.4
Station
Surface 1.3+ 1.6 6.1 %+ 24
1M 174+ 2.6 11.1 + 4.8
2 M 6.5 + 2.7 143 £ 5.5
IM 7.1 + B0 (10} 154 + 5.2 (14)
Bomom 6.9 +2.4 151 +55
Station 7
Surface 25+ 131 E0+29
1M 18146 133 £ 5.1
M TH £ 7.6 167 + 5.3
IM 85+ 85 (1) 167 + 5.3 (9
Bomom 97+ 7.7 17.0 = 5.2
Station
Surface 31 +£34 11.2 + 3.3
1M 49+ 55 147 + 47
iM 104 + 89 17.9 £ 5.0
3 M 140 + 88 (12) 18.9 + 49 (14)
Booom 133+ 86 19.2 + 4.1
Station 3
Surface 534+ 45 15.3 £ 3.7
1M 90+ 7.7 17.8 £ 3.9
2M 14.5 + 8.0 214 £ 1.1
I M 18.8 + 5.6 (15 23.1 + 26 (IT)
Bomem 193 £ 3.7 224 £+ 2.7
Sraton
Surface 0.8 £ 6.0 200 %+ 48
1M 153 £ 7.9 22.1 + 4.4
2M 209 £ 5.1 23.8 + 3.3
IM 28+ 22 (1T 24.6 + 2.9
Botiom 228 + 212 247 + 2.8
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Flows from Suiphur Springs contribute to the steep vertical saliniry gradients in near-surface
waters. The salinity of the spring water in recent vears has rypically ranged from about 0.8 10 i.2
ppt. The outlet from the spring is just over one meter deep and the less dense spring water tends
to flow over the more saline water that occurs in the river during no-discharge conditons. When
fresh or low salinity water 15 present in the river near Sulphur Springs outfall during high
discharges from the dam, density gradients near the spring are not as great and the spring water
mixes more readily with the river water.

The influence of Sulpbur Springs on verncal saliniry gradienis is demonstrated by Table 4.2,
which lists data recorded during a no-discharge period on November, 1996, o addiuon 1o three
WAR/SDI stations (2,3, and 5), vertical profiles for salinity and DO are shown for five other
stations In the three miles of niver immediately below the dam. These data show thar surface
saliniry was higher at stations near the dam (miles 0.54 and 0.92) than at stations further
downstream, reflecung the influence of Sulphur Springs. For example, surface saliniry recorded
about one half mile below the dam (9.1 ppt) was about twice that recorded near the spring outfall.
Vertical salinity gradients were non-existent or slight at stations near the dam (miles .54 and.92),
but were most pronounced at stations just upstream and downstream of the spring outfall.

The differences in density srratification berween discharge and no-discharge conditons were
reverse at the stations near the bay - i.e., stradfication was greater during discharge conditions.
The mean values in Table 4.1 reflect that when there is discharge from the dam, fresh waters tend
to flow over the deeper more saline waters in the downstream portions of the lower river. Plows
presented in the next section are informarive for examining how salinity at these stanons responds
to different quantities of flow. Also, plots and regression models presented in Coastal (1997) are
valuable for evaluatng saliniry at different depths at the WAR/SDI stadons as a function of
freshwater inflow.

TEXT CONTINUED ON PAGE 4.9
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Table 4.2, Salmity and QS50MVEC OXYEET CULUEIIL ALY 81 GAUATU LGS St e s o
Hillsberough River sampled on November 21, 1956, Salinity units are ppt and
unirs for dissolved oxygen are mg/l.

Depth_Saligiv DO

MILE=054 3 el 7.5
(WARSDI ) Lo 8l 7.0
1.5 9.1 6.0

0.3 5.4 6.0
92 1.0 3 6.3
2.0 g5 5.8
2.5 0.6 5.3
Depth Salinjty DO
0.3 7.7 23
Cae] 24 1.0 8.4 5.6
2.0 1009 7
3.0 3.2 0.8
Depth Salizitv D
0.3 5.1 5.1
MILE=1.T 1.0 11.8 30
(WAR ST 2.0 15.1 1.5
3.0 16.1 0.5
4.0 16.2 0.4
Depth  Salinitv DO
0.3 4.5 8.2

Mile 2.03 10 9.1 3.7

Sulphur Springs outfall at mile 2.2

Depth _Saliitv DO
03 46 4.7
Mile 2,45 1.0 108 29
20 17 1.4
2.5 17.5 1.2
Depth Salinity DO
03 68 6.5
Mile 2,75 1.0 100 3.5
20 174 1.4

Depth  Salinity DO
0.3 6.7 54
Mile3.1 1.0 102 2.9
(WAR/SSDI 5) 20 180 1.1
3.0 183 0.9

4.8



4.3.2 Flow erms used for graphic analygis. In the following sectons, salinity and DO
concentrations are plotied vs. discharge from the Hillsborough River Dam. Discharge quanfines
calculated over differen: fime periods can be used to examine the response of salinity and DO w0
freshwater inflows. Forexample, in their correlarion analysis of water quality variables and flow,
WAR/SDI used the preceding 14-day average flow from the Hillsborough River Dam. In
developing least squares regressions to predict salinity as a function of flow ar discrere depths at
these stations, Coastal (1997) found that best fit resulted from using either the preceding 3-day
average flow or the same-day flow depending on the station and depth (see pages 6-2 and 6-3 In
Coastal, 1997).

Due to varying effects of antecedent conditions, the District suggests there is not a single flow
term that consistently provides the best answer and the response of salinity and DO o vanious flow
terms should be examined. The effect of using different length ome periods to calculate average
flows is illustrated in Table 4.3, where different preceding average flow terms are listed for days
when salinity was measured at Rowlett Park Drive by either the USGS, HCEPC, or WAR/SDI.
The values in Table 4.3 indicare that same-day flow erms should be used with caution, as flow
can be very low on a particular sampling day but high just two or three-days prior (see ranked
observations 17 and 34). This effect can be even more pronounced if flows are examined back
one or two weeks (e.g., observations 15 and 25), when the residual effects of a flow event on
salinity could be expected in at least some portions of the lower river. Comversely, using longer
flow averages may not characterize an importan: flow event that occurred pear the ome of
sampling {e.g. observaton 33) which may have an effect on a reacdve constituent such as DO.

A notable factor in this study is that there tended to be more salinity and DO observations
available at low flows if longer flow terms are used. As shown in the plots presented in
Appendices C and D, there is only one observadon with a 3-day flow between 2 and 30 cfs In the
WAR/SDI data set (42 towal sampling tmps). However, there are 5 and 6 observations in that
range for 8-day and 14-day flows, respectvely. Similarly, for the HCEPC dara at Columbus
Ave, (207 total sampling trips) there are 16 obsérvanons with 3-day flows between 2 and 30 efs,
but there are 26 and 24 observations in that range for B-day and 14-day flows. This does not
mean that longer flow terms are necessarily more appropriate, ans the District sugpgests that
comparisons betwesn plots using various flow terms should be made 1o discern apparent patierns.,

433 Plots of salinity vs, flow for WAR/SDI data. Te examine the response of salinity to
freshwarer inflows, salinity measurements by WAR/SDI were plotted versus discharge at the

Hillsborough River dam using four different flow terms (same-day, and preceding 3-day, &-day
and l4-day averages). All flow values were calculated from daily flow records published by the
US Geological Survey for the dam. which is designated as the Hillsborough River near Tampa
gage (¥ 02304500). Same-day flows are those flows recorded the day the saliniry measurement
was taken, while preceding 3-, B- and 14-day average flows were calculated from the same-day
flow plus flows from the corresponding number of preceding days (2, 7.or 13, respectively).
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Table 4.3. List of four different flow terms for days when salinity was measured at Rowle
Park Drive and the corresponding 3-day fiows were between 2 and 48 cfs.
Values ranked by three-day flow, Source indicates agency/firm making saliniry
measurment. Table includes HCEPC readings taken afier 1986.

RANK DATE DAY SAME-DAY  E-DAY 14-DAY SOURCE
1 I0TANS0 2.1 1.3 g.2 17.6 HCEPC
2 140CTEL 3.3 0.4 23.8 297.9 UsGs
3 150CTEL 3.3 0.4 231.6 T6.4 UsSGs
4 0eJUNE2 4.1 9.8 35.2 20.7 UsGs
5 lLiFEBEZ 10.2 9.0 20.0 40.2 OEGE
[ 14FEBRB2 10.5 16.0 17.2 33.6 usGs
T 11FEBA 2 131.2 15.0 25.1 6l.3 UEEs
A 12FEBB2Z2 13.89 6.6 24.0 50.5 0sGE
) DeJUNEZ 15.0 1.5 24 .2 23.6 UsGEs
10 15DECSZ 15.8 18.0 26 .8 Z6.8 HCEPC
11 10FEEBEZ 17.8 20.0 31.8 T1.8 USGS
1z O07JOHEZ 17.8 a2.0 40.2 23.6 e
13 OEJUNEZ 17.8 1.5 40.2 21,6 TU53E58
14 21FEBBS 23.0 23.0 23.0 23.0 HCEPC
1s OSFEBBRZ 23.6 4.7 8.7 B2.1 OsEs
16 lLS5FEBE2 25.0 50.0 18.7 30.5 UsGs
17 DZMAYA2 25.1 1.6 42.9 £5.8 UsGEs
1A DEDECS2 26.3 24.0 25.5 24 .4 WAR/SDI
13 01JANE2 27.9% gl1.0 10.9 6.5 UsGs
20 21MAR9S 28.3 21.0 14.5 §7.3 HCEPBC
21 2TCTS2 28.5 i6.0 b2 .2 209 4 HCEPRC
22 Z9RPREZ i0.3 BE.0O BEE.2 121.4 5G5S
23 DBFEBB2 35.0 28.0 49.9 87.1 TESGE
24 2BNOVIS 37.3 55.0 52.6 BT.B HCEPC
25 ZBRPRBZ2 aT7.9 1.4 57.6 137.5 TSGES
26 120C0T93 38.7 33.0 Ti.4 121.2 WAR/5DI
27 07FEB82 39.3 38.0 60.0 108.1 UsSGS
28 2300TS0 40,3 24 .0 6B.8 53.9 HCEPC
259 12JA1KB2 41.0 0.0 55.8 GE.3 UsSGEs
I0 OSPEESRZ 41.7 41.0 85.1 143.4 UEGE
il DEFEB&Z 2.3 35.0 T4 .4 124.4 UsGEs
iz 11MAYS3 44.0 18.0 311.2 17.9 WAR/SDI
a3 01JUME2 44.3 130.0 17.6 10.7 UsGs
34 D2JUNe2 44 .3 1.5 17.6 1.7 OsGE
is5 04JUNE2 45.7 1.5 i4d.1 20.2 USGS
3e 05JUOMa 2 45,7 1.5 3.1 20.1 UsGs
a7 0OBFEBS4 48.0 39.0 652.5 71.5 WAR/SDI
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Plots of salinity vs. flow are presented for combined depths at each WAR/SDI station in Appendix
C. Plots are presented separately for flows up 1o 600 cfs and flows less than 100 cfs, so that the
response of salinity to low flows can be more closely examined. All depths are shown on the
same plot. 5o several salinity values may be shown for a giver flow rate corresponding 1o the
gradient between surface and bottom values on thar sampling date. Twenty-four of the WAR/SDI
sampling dates occurred during no-discharge condivons. Therefore, many observations occur
near 0 cfs, which may not be readily distnct due to the close proximity of the ¥y axis.

For comparison, plots of surface and mean warer column salinity vs. 14-day flow are presented
in Appendices 5 and T of WAR/SDI (1995), Appendix B in the Coastal (1997) repont includes
plots of salinity at individual depths at the WAR/SDI stations vs. same-day or 3-day flows.
Coastal also developed regressions to predict salinity at the WAR/SDI stations as a functon of
freshwater inflow, with the exception of staton pumber 2 near Rowlent Park Drive. Appendix
M in the Coastal report lists predicted salinity values at depths from surface to 2 meters at the
WAR/SDI stations as a function of flow in 10 cfs increments between 0 and 100 cfs. Predicted
salinities are also listed on the following page for WAR/SDI stations 3 and 6.

The plots of the raw data and the regressions fitted by Coastal demonstrate thar salinity in the river
responds In a curviiinear manner, i.e., the response to flow is very steep at low flows and changes
to a more gradual response at high flows. In many cases, particularly in the upper parts of the
lower river (station 3 through 7), the salinity/flow relationship has an inflection where the slope
of the relationship rapidly changes. At stafions near the mouth of the river (% and 10) this change
is more gradual and the inflection is less clear. Such progressions in salinity/flow curves are
common in tidal nver estuaries, where salinity is generally most responsive to low freshwater
inflows in the upper regions of the system (pages 282 - 284 in Longley, 1994; Sklar and Browder,
1598).

The plots of the WAR/SDI data and the predictive equations developed by Coastal can be used
to evaluate the response of the river to various rates of flow. These results indicate that relatively
small flows can substantally reduce salinity in the upper part of the lower river compared o no
discharge condiions. For example, the regression results presented in Table 4.4 indicate a
discharge rate of 10 cfs reduces salinity ar Station 3 by 1.7 o 3.8 ppt depending on the depth,
A flow of 20 cfs is predicted to reduce salinity at this same staton to about half that predicted for
a no-discharge condinon. Higher flows are predicted to reduce salinity further, but the
relatonship 15 curvilinear and the response of salinity to flow becomes more gradual as flow
LnCreases.

TEXT CONTINUED ON PAGE 4.13
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Hillsborough River dam. The Dum:: ;:neraud pluts and m.nm:al a.uulym of dissolved
oxygen (DO) dara from the hydrobiological smudy in addition 1o those results presented in the other
reports (WAR/SDI, 1995; Coastal, 1997). Statistical summaries of DO values for discrete depths
at the various stations in the Lower Hillshorough River for discharge and no-discharge conditons
at the Hilisborough River dam are presented in Table 4.5.

Mean DO concentrations ar stations 2 through & were higher for discharge condinens than for no-
discharge conditions. This corresponds to the findings of WAR/SDI (1995) and Coastal (1957).
who both found significant positive relatonships berween DO and flow at these stanons.
Particularly striking are the low values at depth for the no-discharge conditions, Mean values less
than 3 mg/]l were found at | meter depth for stations 3, 5 and 6. Mean values were below 2 mg/l
at 2 meters depth, while means for bonom waters ranged from 0.9 1o 1.0 mg/l at these stanons.
These sieep vertcal gradients in DO concentrations are probably related to recduced circulation and
vertcal density gradients observed at these stations during no-discharge conditions.  Although not
as severe, low DO concentratons during no-discharge condidons were also observed at Staton
2. whereas warers were typically well-oxygenated when there was flow ar the dam. At the
downstream statons (7, 8, 9, and 10), differences in DO concenrrations between discharge and
no-discharge condinons were very slight.

4 Plows of DO v W /S s1ap Plots of DO vs. flow for WAR/SDI stations
in the lower Hillsborough River are presented in Appendix D. The same flow terms (same-day,
preceding 3, 8, and 14-day average flow) are used as for the plots of salinity ws. flow.
Compared 1o salinity, there was considerably more scatter in the relationships of DO with
freshwater inflow. This is not unexpected since DO is 2 reactive constituent that can be quickly
affected by facrors such as emperamire, réspiraton, or photosynthesis.

There was a strong posiive response of DO o flow at Swmadon 2 for all four flow terms.
Seventeen percent of the DO measarements ar station 2 were below 2.0 mg/I during no-discharge
conditons. However, values consistently above 2.8 mg/l were observed at flows above 8 cfs for
B-day flows, 18 cis for same-day flows, and 26 cfs for 3-day flows. Values were consistently
above 4 mg/] for same-day and 3-day flows above 33 and 44 cfs, respectively. Although the data
are limited, breaks in the DO curves at station 3 appear to be near 40 cfs for same-day and 3-day
flows. In general, longer flow terms appeared to produce results thar are not clear-cut for stations
near the dam, and shorer flow terms may be more appropriate for evaluatng DO/flow
relationships near the dam,

Although there was a positive response of DO to flow at Staons 5, 6 and 7, this relationship was
only apparent at high fiows and did not really apply for all depths at flows less than 130 cfs. The
response of DO w flow at the lower stations (8, 9, and 10) was less clear. Longer flow terms (8-
and 14-day) indicated a positive response to high flows (> 130 cfs) at station 8. Conversely, a
high flow response was not clear af stations 9 and 10, but some posiuve response o low flows
was possibly indicated. As discussed later, data from the USGS and the Hillsborough Counry
Environmental Protection Commission from locations near the lower WAR/SDI stations provide
more temporally extensive data for DO in the lower reaches of the river.
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WAR/SDI stations for discharge and nu—dm:hmge conditions. Unless noted in
parentheses for 3 M depth, the number of observations (N) is 13 for discharge

and 24 for no-discharge condidons. All values expressed as mg/l.

DISCHARGE NO-DISCHARGE
{3-day flows > 2 cfs) {3-day flows < 2 ecfs)
Swation 2
Surface 6.9+ 2.2 47+ 20
1M 6.5+ 24 3B 423
M 61+ 24 34+ 23
ChY 61 2.1 (2 1.9 £+ 0.8 (3
Bonom 61 =273 33+ 23
Station 3
Surface 60+ 1.6 iTx 20
1 M 56+ 1.8 21 %17
M 49+ 22 1.3+ 15
iM 47 + 2.5 (12) 10+ 15 (15
Bomom 4.8 + 2.2 1.0+ 1.4
o e]ad
Surface 54 + 1.7 454+ 212
1M 44 1+ 2.1 15+ 1.6
M 12427 1.3+13
IM 3.5+ 2.9 (1D 1.0+ 12 (19
Bottom 29+ 28 09+ 1.0
Swation &
Surface 36+ 1.6 47T+ 24
1 41+ 1.6 28+ 2.2
M 30+27 1.3+ 1.1
IM 25+25 (B 0.9 + 1.0 (14)
Bottom 16 +2.4 1.1+ 1.1
Station 7
Surface 56+£19 56+ 19
1M 42+19 3i6+19
2M 2.7+ 2.2 244+ 1.5
iM 23 +£ 2.0 (11} 13411 (%
Bomom 224120 21+1.5
Station 8
Surtace 6.6 + 3.5 6.1+ 121
1M a7+ 25 47+ 1.9
M 324+ 1.7 1ii+ 14
M 24+ 1.7 (12) 2.0+ 1.7 (14}
Bottom 24 + 1.6 27+ 1.6
Station 9
Surface 6.1+ 2.5 6.2 + I.1
1M 49+ 1.8 5121
2M 41+ 1.9 42+ 19
iM 33+ 1.5 (1% 36+ 1.6
Bomom 33+ 2.0 I6E 1.6
Station 10
Surface 6.2 4+ 2.4 61+ 1.7
1M 53 + 2.2 36+ 1.6
M 48 £ 2.3 49 4+ 1.8
3 M 42427 (1D 454+ 1.9
Bomom 424+ 26 4.5 + 2.0
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4.4, Salinity and Dissolved Oxygep Data from USGS continuous recorders on the Lower

Hillshorough Rjver

The USGS operated four continuous recorders on the Lower Hillsborough River during the early
1980s in support of srdies associated with the Natonal Urban Runoff Program (NURP) for the
Lower Hillsborough River. These data were provided to Dismict, who performed anaiyses of the
data and alsp provided the data base to the TBNEP for addidonal analyses by Coastal
Environmental (1997), The USGS recorders measured data in fifteen minute intervals for water
level, warer emperature, specific conductance, and DO concentration. The recorders were
located at Rowlett Park Drive, Sligh Avenue, Columbus Avenue, and Plan Streer (Figure 4.1).
All values were recorded by fixed probes ar approximarely mid-depth. The period of record
differed slighty at the various locations, but the recorders generally ran from October 1991
through September 1992 with some missing records due to periodic meter malfunction. The data
were réviewed for qualitv control by the USGS before they were delivered to the District.
Analyses of these data are also presented in the report by Metcalf and Eddy (1983).

Water temperarure and specific conductance data from the USGS recorders were used to estimate
salinity. Percent saturation values for DO were calculated from the temperature and DO values.
Although the raw dara measured in fifteen minnte intervals were analyzed, most of the Distmct's
analyses of the relanonships of saliniry and DO w flow used daily mean, minimum, or maximum
values.

4.4.1 Salipjrv. Means, standard deviations, and number of observations for mid-depth saliniry
values at the USGS recorders are listed in Table 4.5 for discharge and no-discharge conditons at
the Hillsborough River dam. Stanstcs were calculated separately from populatons of daily
salinity averages and daily minima and maxima. Daly salinity ranges were calculated as the
difference between the daily maximum and minimum. No-discharge conditions are categorized
as three-day average flows of less than 2 efs.

The USGS Rowlett Park Drive station is very close 1o the WAR/SDI station 2. The USGS results
are very similar to the WAR/SDI results in that fresh water was observed at Rowlett Park during
discharge conditons. whereas 2 mean salinity of 4.3 ppt was observed during no-discharge. The
USGS probe was near | meter in depth and the saliniry average at one meter at WAR/SDI station
2 was 6.2 ppt. The lower value for the USGS data may be due 1o the relatively wet conditions
which occurred during that sudy. The total rainfall a1 Lowry Park during the year when most of
the USGS data were collected (October 1981 - September 1982) was 81.7 inches. Even during
periods of no-discharge, runoff w the lower river from the watershed below the dam can have
a significant effect on saliniry in the river. By comparison, the average yearly rainfall total for
the three year period of the WAR smdy was 53.0 inches. In the USGS data set there were more
saliniry observatons during discharge conditons, whereas in the WAR/SD] data set there were
more observations during no-discharge conditions.



Table 4.6. Means plus or minus one standard devianon and pumber of observatons (M) for
daily mid-depth salinity at USGS coarinuous recorders for discharge and no-
discharge condidons. All values except N are expressed as parts per thousand.

Discharge

Three-day flows > 2
Rowler Par 1w
Daily saliniry average 0.06 + 0.1 (222}
Daily salinity minimum 0.04 + 0.1
Daily salinity maximum 0.09 + 0.3
Daily salinity range 0.0 + 0.2
Sligh Ave.
Daily salinity average 20+30 (203)
Daily salinity minimum 1.4 4+ 2.5
Daily salimity maximum 2.6+ 3.8
Daily salinity range 1.2+22
Columbus Ave.
Daily salimity average 8.6 + 5.1 (14T
Daily salinity minimum 4.1+39
Daily salinity maximum 15.5 + 7.0
Daily salinity range 11.4 + 5.8

Plaw 51,

Daily salinity average
Daily saliniry minimum
Daily salmity maximum
Daily salinity range

14.8 + 6.3 (26]1)
86 6.1
19.7 + 5.6
11.2 + 4.2

4,16

17.0 = 4.6 (118)
14.2 + 5.7

=
o -

220+ 2.9(120)
19.0 + 4.5
2319+24
49 +37



Comparisons between the Sligh Avenue station for the USGS and the nearby WAR/SDI station
6 are more difficult because of the steep vertical gradients for salinity ar the WAR/SDI stanon.
Since saliniry can vary considerably over relatively small depths. error could result companing the
fixed probe dara to a specific depth measured by WAR/SDI. Regardless, the results are somewhat
similar. Mean salimity for the USGS recorder dunng discharge conditions was 2.0 ppt compared
1w an average of 3.9 ppt in the op rwo meters at WAR/SDI statdon 6. Mean salinity dunng no-
discharge conditions was 12.1 ppt for the USGS recorder, while the WAR/SDI average during
no-discharge conditens was 10.5 ppt.

The USGS recorder at Columbus Avenue is very near WAR/SDI stavion 9. Again, comparison
of the fixed probe USGS data to a specific depth in the WAR/SDI data set is difficult. The daily
salinity average at the U/SGS recorder was 8.6 ppr during discharge condidons and 17.0 ppt duning
no-discharge condidons. Mean salinity at the USGS recorder at Plart St. was 14.8 ppt during
discharge conditions, which 15 6.2 ppt greater than the corresponding mean value at Columbus
Ave. This relatively large difference indicates an increased role of Hillshorough Bay on salinity
in the river near its mouth,

An interesting pattern is séen in the daily salinity ranges during discharge and no-discharge
conditions. At Sligh Averue, there are relatively small daily variations in salinity during
discharge conditions, as this stanon was either fresh or kad very low salinity. Conversely, the
mean range in daily salinity becomes much greater at Columbus Ave, and Plan 51, during
discharge conditons. as the freshwater/saltwater mixing zone is located in this zone of the river
and moves back and forth with the ndes. During penods of no discharge, salimity values at these
stations were higher and more stable.

4.4 2 Plots of salimatv vs. flow at USGS recorders Daily values of mean and maximum salinity
ar the four USGS recorders are plotted separately vs. discharge at the Hillsborough River dam in

Appendix E. The same four flow variables are used as for the WAR/SDI data (same-day, prior
3-day, 8-day. and l4-day average flow). Plots are presented separately for low flows and an
expanded flow range. The upper flow limit of the expanded flow range was based on when a
stabon becamé consistently fresh (there were additonal observations at high flows).

The USGS plots show an interesting progression downstream that is characteristic of tidal rivers.
The plots at Rowlen Park are nearly "L" shaped, exhibiting a wide range of salinity values during
no-discharge conditions that quickly change 1o fresh water at low flows. Curves at Sligh Avenue
are strongly curvilinear with a rapid decrease in salinity at low flows changing to a more gradual
slope as flow increases. The plots at Columbus Avenue are hampered by a lack of observations
in the 400 1o 700 cfs range, but a more gradual curve 1s exhibited compared to Sligh Avenue. The
reledonship of salinity to flow ar Plarr St is more linear, but very weak at flows berween O and
100 efs.

With the exception of Plan St., all the plots show a much wider range of salinity at zero flow
compared to the range of values at even small reservoir releases, For example, daily average
salinity values above 14 ppt. ai Sligh Ave. and values above 20 ppt at Columbus Ave, were
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restricted o no-discharge periods. This may indicate that relatively small reservoir releases help
prevent high-end salinides from occurring at these stadons. Conversely, these high values during
no-discharge periods may reflect a lack of recent rainfall. As discussed later, the highest salimrty
values during no-discharge periods occurred after prolonged dry periods when direct ranoff to the
lower river from the drainage basin below the dam had been low for quite sometime. Similarly,
Metcalf and Eddy (1983) found that stormwater runoff below the dam reduced salinity in the river

during rimes of low freshwater inflows.

Because of differences in the frequencies of measurement, caution should be used in comparing
plots of salinity versus flow from the USGS recorders to plots generated from data collected by
the other sources (WAR/SDI and Hillsborough County EPC).  The USGS data are recorded a1
13 minute mtervals which were reduced for this report to produce daily mean and maxifoum
values. In many cases these daily values are serially correlated, as salininy valpes on a number
of successive days were related to what were largely the same antecedent conditions. In this
regard. the USGS data are in effect not as numerous as they might first appear. For example, the
plot of salinity versus 3-day flows on Appendix page E-2 shows there were eleven salinity values
with corresponding flows between 3 and 20 cfs. However, as shown in Table 4.7 below, these
eleven data points were recorded during only three sets of successive days during that smdy vear.

Table 4.7.  Dates, flows, and mid-depth salinity values for days with 3-day flows berween
3 and 20 cfs duning operation of the USGS recorder at Rowlert Park Dinive.
Flows are cubic feet per second {cfs) and salinity is parts per thousand (ppt).

3-Day  Same-Day

ity ow Flow
140CTE] 0.2 3.3 0.4
150CTE1 0.3 3.3 0.4

I0FEBE2 0.1 176 200
IIFEB82 0.1 13.2 15.0
12FEBE2 0.1 139 6.6
13FEBE2 0.1 10.2 9.0
14FEBEZ 0.1 10.5 16.0

O6JUNEZ 0.4 4.3 5.
O7JUNEZ 0.2 178 4L
08JUNE2 0.1 17.8 1.
09JUNEZ 0.2 15.0 1.

LR LA O 08

Examination of the daily flow records indicate that for each of these sets, low salinity values were
probably related to high flow events that occurred sometime prior. For example, the low salinity
values listed for June 6 1o 9, 1982 were probably related to daily flows of 130 and 134 cfs that
occurred at the beginning of that moath. The dally USGS data are valuable, but the number of
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independent observations is considerably less than what is indicated by the plots. This simation
is not so pronounced in the WAR/SDI and HCEPC data sets, as salinity readings were recorded
approximately one month apar, thus reducing the serial correlation berween chservatons,

4.4.3 Regression models of salinity and flow The USGS recorder data were provided 10 Coastal
Environmental who developed regression equations to predict salinity at the Shigh and Columbus
locations. Those results are presented in Appendix M in Coastal (1997) and in Table 4.8. Similar
w the WAR/SDI data, the regressions show a rapid response of salimry to flow at low rates of
reservoir discharge, Although there is serial correlation in the daily USGS values. we do not
believe this coatributed 1o any bias in the regression equanons developed for the Sligh Ave. and
Columbus Awve, s@anuons.

The USGS data at Rowlen Park did not lend itself 10 model development due o the unique L-
shaped namre of the saliniry flow relatonship. The amount of water that is needed to maintain
fresh water at Rowlett Park 15 discussed further ic Section 4.6, where the USGS data are
combined with the WAR/SDI and Hillsborough County data ar that sire.

4.4 4 Dissolved gxygen Means, standard deviadons, and number of observations for mid-depth
DO values at the USGS recorders are listed below for discharge and no-discharge conditions at
the Hilisborough River dam (Table 4.9). Statistics were calculated separately from daily average,
minimum, maximum, and range values, Daily ranges in DO were calculated as the difference
between the daily maximum and minimum.

The results for Rowlen Park and Sligh Avenue are similar to the WAR/SDI data for those sites
(stations 2 and 6) in that DO concentrations were markedly higher during discharge conditions.
Mean values for daily averages and daily minima were berween 4 and 6 mg/l at these statons
during penods of dam discharge. Dunng no-discharge conditions, however, mean values for daily
averages were 3.5 mg/l ar Rowlen Park and 2.5 mg/l at Sligh Avenue, Means of daily mimma
dunng no-discharge condinons were 2.7 mg/l at Rowletr Park and 1.1 mg/] at Sligh Avenue. The
means of daily ranges in DO were alse higher during no-discharge conditions, indicating large
diurnal swings in DO during periods of no discharge. Flow from the dam diminishes these swings
by increasing turbulence and aeration in the river. As discussed in Section £.8, HCEPC water
quality data indicate that large chlorophyll g and biochemical oxygen demand concentrations a
Rowlett Park are limited to periods of no discharge at the dam.

The mean for average daily DO values was greater for discharge than for no-discharge copditions
at the USGS Columbus Avenue recorder- a pattern thar was not observed for nearby WAR/SD!
station . Mean DO values at the Plant St. recorder were slightly lower for discharge conditions
than for no-discharge - a pattern that was observed at the nearby WAR/SDI station at Kennedy
Blvd. Owerall, these results indicate that the effect of flow on DO are greatest in the upper
portions of the Lower Hillsborough River.
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Table 4.9, Mean plus or minus one standard deviation and number of observations (N} for
daily mid-depth dissolved oxygen values at the conanuous USGS recorders for
discharge and no-discharge condidons. All values except N are expressed in

milligrams per liter.

Di . No-Discl
Three-day flows = 2 Three -day flows < 2

Rowlett Park Dr.
Daily D.0. averages
Daily D.O. minima
Daily D.0. maxima
Daily DO, ranges

Sligh Ave.

Daily D.0O. averages
Daily D.0. minima
Daily D.0. maxima
Daily D.Q. ranges

Columbys Ave.
Daly D.0. averages
Daily D.O. minima
Daily D.O. maxima
Daily salimity ranges

Plat St.

Daily D.0. averages
Daily D.0O. minima

Daily D.0. maxima
Daily D.0Q. ranges
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4.4.5 Plots of dissolved oxvgen v flow ar the USGS stagops Plots of mean and minimum

DO concentration vs. flow for the four USGS recorders are presented in Appendix F. Like
saliniry. plots of daily average DO vs. flow at Rowlett Park are L-shaped but are in reverse -
relatively small flows ar the dam result in higher DO concentrations. The same-day and 3-day
plots at this site are limited (o few observanons at low flows (2 o 30 cfs), but the plot with B-day
flows shows an almost linear increase in DO between 10 and 100 cfs. Similar to the WAR/SDI
plots, the 14-day flow seems (o be too long 10 be meaningful at this stadon since the results do not
closely agree with the other flow terms. Plots of minimum daily DO show that values above 4
mg/] were almost consistendy observed at flows above 40 o 50 cfs for 3-day and 5-day flows.

Plots at Shgh Avenue similarly showed a strong L-shaped response to flow, but not quite as
distinct or with as low a breakpoint as Rowlett Park.  Same-day flows showed the most
immediare response to discharge as flow rates pear 10 cfs resulted in values near 4 mg/l. Plots
of daily average and minimum DO showed a generally positive response to flows in the 0 to 300
cfs range for all four flow terms examined,

Plots of daily average DO vs flow at Columbus Avenue showed an interesting partern in that the
vanability in DO decreased with flow to form somewhat of a wedge shaped figure. Marked
improvements in DO at Jew flows were observed around 6 cfs for same-day flows and 25 cfs for
14-day flows. Mimmum daily DO values generally increased with flow, with possible break-
points around 6 cfs for same-day flow and 25 cfs for 14-day flows. Because of the distance from
the dam, longer flow 12rms may be more mezningful at Columbus Avenue and other downstream
stations compared to the upper statons (Rowlett Park and Sligh).

Relationships of DO o flow were not as pronounced at Plart St. compared to the other stations.
Average values of less than 2 mg/] persisted at flows as high as 800 1 900 cfs. However, there
did seem 0 be some general positive response at flows above 500 cfs. Minimum daily values less
than 1.0 mg/! persisted up w flows of 1000 w 1300 cfs.  As with salinity, the differences
perween Plat: 51, and Columbus Avenue are striking and demonstrate markedly different responses
to discharge at the dam, presumably due 1o the greater influence of Hillsborough Bay at Plat: St

Ajs part of their regular monuonng nerwork, the Hillsborough County Environmerntal Protection
Commission (HCEPC) measures water quality ar three locations on the Lower Hillsborough River
(Rowlett Park Drive, Columbus Avenue, and Platt St). Sampling 15 on a monthly basis, In sim
water quality measurements are taken with portable meters and water samples are taken to the
laboratory for chemical analysis. Salinity and DO concentrations for surface (0.5 m depth), mid-
depth and bottom waters (1 m from bottom) from the HCEPC data base were analyzed for the
District’s minimum flows evaluation. Salinity and DO data from the HCEPC analyred for this
stucy generally ranged from 1574 to 1995. Monthly data for mid-depth measurements began in
1974, while data for surface and bottom water measurements began on a regular monthly basis
in 1987,
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4.5.1. Salinity Means, standard deviations and the number of observations for top and borom
water saliniry values from the HCEPC data base are listed below for discharge and no-discharge
conditions at the Hillsborough River Dam. The HCEPC data are like the USGS data (and unlike
WAR/SDI) in that there are more observations for discharge condidons than for no-discharge.
The number of observatdons differ berween stations for both discharge and no discharge. and there
are more observarions for mid-depth due o its longer period of record.

Tahle 4.10. Means plus or minus cpe standard deviation and pumber of observations (N} for
surface, mid-depth and bottom saliniry values from the HCEPC data base for discharge
and no-discharge conditions. Al values except N are expressed as parts per thousand.

_Diischarge Np-Dischargs

{3-day flows > 2 cfs) (3-day flows < 2 cfs)
R k Dr
Salinity-surface 0.4 £ 0.4 (71 50%35 47
Saliniry-middle 0. 51 1.0 (170 4.7+ 3.5 (102
Salinity-bottom 0.5+035 5.5+ 3.5
Columbus Ave.
Salinity-surface 4.0 + 3.6 (68) 154 £ 3.7 (52)
Salimity-middle 8.7+ 8.4 (129) 204 = 4.2 {76)
Salinity-bottom 183 + 8.9 247 £ 2.4
Platr 81,
Salinity-surface 15.2 + 7.5 (122) 250+ 48 (75
Salinity- middle 18.6 £7.7 (167) 26.6 + 4. 15 {98)
Saliniry-bottom 224+ 58 27.5 £ 3

Mean salinity vatues for the HCEPC staton at Rowlert Park Drive are very similar 1o the results
for WAR/SDI and USGS data for both discharge and no-discharge conditions. Freshwater
rypically occurs at Rowlett Park when there is discharge from the dam, but saliniry averages 5 ppt
during times of no discharge, The HCEPC mear salinity values for surface and bottom waters
at Columbus Avenue are very similar o the mean surface and 3 meter values at nearby WAR/SDI
starion 9. The HCEPC mid-depth means at Columbus are similar to means for the USGS
recorder, although the HCEPC data represents a much longer period of record. Like the
WAR/SDI data, HCEPC salinity values at Plait Street show reduced surface salinides and some
vertical stratification during discharge periods, and more vertically homogeneous salinity values
during no discharge.

Surface, mid-depth, and bottom salinity values from the HCEPC stations are plotted separately
vs. flow at the Hillsborough River dam in Appendix G. There are considerably more salinity
data at low flows for mid-depth, compared to surface and bottom. The Rowlett Park station is
shallow and the data indicate that pronounced vertical stratification is not common. Therefore,
mid-depth salinity values may be fairly representative of the entire water column ar that site,
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Similar to the USGS data, the saliniry response at Rowlett Park is quite abrupt, as freshwater
condidons are fairly consistent at flows above 20 to 30 cfs depending on the flow term that is
used. Below that range salinity values showed some variation. probably due to different tide stage
and antecedent rainfall conditons at time of sampling. It also appears that some rounding of
values occurted in the HCEPC data base, as salinity values of 1.0 ppt were repored in excess of
300 cfs.

The response of surface and mid-depth salinity at Columbus Ave. is strongly curvilinear, Surface
salimity values above 16 ppt were restricted to periods of no discharge, and relanvely small flows
{10 1o 30 cfs) seem to prevent high surface salinity values from occurring ar this stanion. Mid-
depth salinity also has a curvilinear response, but the response at low flows is more subdued as
values above 20 ppt up to about 80 to 90 cfs. Salinity in bottom walers is not as responsive, and
salinity generally remained above 20 ppt at flows up to 100 cfs

Plots of surface salinity vs. flow at Plant St. are more curvilinear than plots using the USGS mid-
depth probe. indicating thar saliniry in the surface layer at Plan St. is more responsive to flow than
shghtly deeper waters. Plots of same-day and 3-day flows indicate that flows in the range of 10
te 20 cfs should keep surface salinity below 25 ppt most of the time. Plots of mid-depth saliniry
show that values above 30 ppt can occur during no discharge, but values are more stable without
the high values at small rate of dam discharge. Plots of bottom salimity vs. flow at Plan St. have
considerable scatter and a generally weaker response to flow. There were more observanons with
salinity greater than 30 ppt for mid-depth than bottom, probably due to the longer period of
record.

4.5.2 Dissolved oxvgen Means, standard deviations, and oumber of observations for DO
concentrations from the HCEPC daca base are listed on the following page for discharge and no-
discharge conditions at the Hillsborough River Dam.

The HCEPC data for DO at Rowlett Park are similar to the other two data sets as there are
substantial differences in mean DO concentrations berween discharge and no-discharge condidons.
However, there are only slight differences (< 0.3 mg/l) in means between discharge and no-
discharge conditions at Columbus Ave, whereas the means for no-discharge at Plant St. are 0.6
o 0.9 mg/l higher than the corresponding discharge means. In general, these results plus other
spurces of informanon for the river (Mercalf and Eddy, 1983; WAR/SDI, 1995; Coastal, 1997)
indicate that the response of DO to discharge from the reservoir is more pronounced the closer
one gets to the dam.
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Table 4 .11, Means plus or minus one standard deviation and number of observations (M) for
surface, mid-depth, and botom water DO concentrations from the HCEPC data bazs

for discharge and no-discharge conditons.

Disc] No-dise}
{Three-davs flows > 2 cfs) (Three-dav flows < 2 cfs)

Fowle: k D1

Dis. oxygen-surface 6.9+ 1.6 (69 36+ 1.7 (4%

Dis. oxygen-middle 6.7+ 1.8 (170} 4.0+ 2.8 (14)

Dis. oxygen-bottom 6.8 £ 1.8 25+ 1.8

Columbus Ave .

Dis. oxygen-surface 5.0+ 1.7 (69 524+ 1.8 (42)

Dis. oxygen-middle 4.2 + 2.1 (133) 39+ 1.7 (78)

Dis. oxygen-botiom 3.2 £2.0 4 x 1.6

Plam St

Dis. oxygen-surface 5.2 £ 1.8 {101) 6.1 £ 1.8 (7O)

Dis. oxygen-middle 4.8+ 1.9 (167 54+ 1.7 (98)

Dis. oxygen-botom 40 +24 4.6 + 1.9

Surface, middle and bottom values of DO concentrations at the HCEPC starons are plotied
separately vs. (ow at the Hillshorough River dam in Appendix H. As with salinity, there are
considerably more cbservations for mid-depth values at low flows. An L-shaped curve is again
observed at Rowlen Park, with many low values recorded during no-discharge but DO showing
a rapid positive response to small amounts of low, The plots of mid-depth values with same-day
and 3-day flows indicate that flows as low as 5 o 10 cfs are effective at raising DO above 3 to
4 mg/l. Plows of 8-day and |4-day flows indicate that flows of up 1w 40 cfs may be needed o
raise DO above the 4/mg/] threshold, but the use of longer flow terms to assess the DO response
at the Rowlen Park siation may be questionable. Although the data are more limited, surface and
bomom DO concentrations show similar flow reladonships, indicating this site is well mixed
during peniods of discharge from the dam.

Plots of surface DO vs. flow &t Columbus Avenue were roughly similar to the USGS data in that
the variability of DO generally decreased with flow. Although the data are limited and there was
considerable scatter, there was a general positive response of surface DO to flow with breakpoints
in the 20 to 30 cfs range for same-day and 3-day flows, and 5 1o 20 cfs range for B-day and 14-
day flows. Mid-depth values may also indicate a positive response to low flows, but like surface
values the relanve lack of data at low flow limits interpretation, as the greater oumber of values
below 2.0 mg/l at no discharge might simply be due to the much larger number of total
observztions. Botiom DO values had a much weaker response 1o flow, as values less than 2 mg/l
persisted up to flows of 800 to 1000 ¢fs. There was no clear response of DO to flow at Platt St.,
although there may be some indication that low flows (10 to 30 cfs) can result in some
improvement of low (< 4.0 mg/l) DO concentrations.
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A question that arose from the minimum flows evaluation was what quantity of flow from the
Hilisborough River Reservoir is needed to maintain a freshwater or low salinity zone below the
dam. To address this question, the relationship of salinity at Rowlett Park Drive to the rate of
discharge from the dam was given further evaluation. The salinity data base ar Rowlen Park
Dnive is extensive, as this site was sampled by all three groups that collected data for the lower
rnver (USGS, HCEPC, and WAR/SDI).

‘The analyses presented below were conducted on the combined saliniry daca base for the Rowlent
Park Dnive location, Surface water salinity measurements from the HCEPC and WAR/SDI data
sets were combined 1o produce a surface salimity variable, similarly, bottom salinity
measurements from these fwo dala sets were combined to produce a bottom salinity vanable.
Daily mean salinity values from the USGS recorder, mid-depth values from the HCEPC. and the
l-meter depth measurements from the WAR/SDI] data set were combined to produce a mid-depth
saliniry wvariable. Caution should be used in combining data from different agemcies, as
differences in field meters, sampling locations, and reporting procedures can Imtroduce error newo
the analysis. However, due 1o the need to evaluate relationships of freshwater inflows to salinity
ar this site, combining data from the different agencies was determined to be valuable.

All totaled, there were 636 observations for mid-depth salinity and 140 observations for surface
and bottom salinity at the Rowlett Park location in the combined data set. There are more
observarions for mid-depth salinity because it includes data from the USGS recorder and there 1s
a longer period of record for mid-depth salinity in the HCEPC data than for surface or bottom.
Ome factor that was discussed by the advisory group facilitated by the TBNEP was the number of
observatons for salinity and other vanables dunng low flows from the dam (Appendix N_1, page
30. The TBNEP advisory group focused primarily on the WAR/SDI data, with some discussion
of the USGS data and very hintle discussion of the HCEPC data. In the combined data set (which
was not evaluated by the TENEP) there are 36 total dates having mid-depth salinity measurements
at Rowlent Park Drive with corresponding three-day flows berween 2 and 30 cfs. However, if
longer average flow terms are used there are more observations 1n the 2 to 30 cfs range. There

are 56 dates with salinity measurements that have B-day flows in the 2 w 30 cfs range. and 6% -

dates with saliniry measurements that have 14-day flows in the 2 to 30 cfs range.

Plots of surface, mid-depth, and bottom saliniry a1 Rowlen Park vs. same-day, 3-day, B-day and
l4-day flow are shown in Figures 4.2, 4.3 and 4.4, respectively. Plots are limited to flows less
than &0 cfs so that the response to low flows can be more closely examined. These plots show
there cap be considerable variztion in salinity at Rowlett Park during low flows. This may be
partly due to tidal effects, as nide phase vanied among sampling dates. On days during low
reservoir discharge, salinity could have differed substantially between low and high tdes. This
source of variaton is reduced in the USGS data becanse these values are daily averages.
However, daily and seasonal variations in odes could still affect salinity during low flows. Also,
there is a considerable cawchment area below the dam that drains directly to the lower river (see
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Appendix O and report by HSW. 1992). Pornons of this catchment basin have high percentages
of impervious surface area and well-developed storm drainage nerworks. Rainfall falling on the
catchment area below the dam and the resulting stormwater runoff can have a pronounced effect
on salinity in the lower river.

Plots of salinity at Rowlen Park Drive vs. rainfall are shown in Figure 4.5A and 4_.5B. for two
different flow categories: (1) 8-day flows less than 2 efs and: (2) 8-day flows berween 2 and 30
cfs. When B-day flows were less than 2 cfs, saliniry values greater than 8 ppt occurred only when
the preceding 5-day rainfall total was less than 0.5 inches. Conversely, when 3-day rainfall was
greater than 4.7 inches, fresh water was observed at Rowlest Park Drive even though thers was
very little flow ar the dam. Similarly, when B-day flows were berween 2 and 30 cfs, saliniry
values greater than 3.0 ppi were observed only when rainfall for the preceding five days was zero.

The effects of rainfall should be considered when comparing the results of different studies.
Saliniry dismibutons in the Lower Hillsborough River predicted by a two-dimensional
hydrodynamic model are presented in Chapter 5. During the calibration/verification phase of this
modeling effor, it was found that good agreement between simulated saliniry values and field data
could only be obtained when the effects of rainfall and local nunoff below the dam were included.
Using the hydrodynamic model, minimum flow scenarios were evaluated assuming negligible
rainfall in order 1o examine the effect of reservoir releases during dry periods (see Chapter 5 and
Appendix 0). Given negligible rainfall and a minimum flow of 10 cfs, the mode] predicted an
average saliniry of approximately 2 ppt at Rowlett Park Drive,

The salinity distributions predicted by Coastal (1997) assigned freshwater conditions (< 0.5 ppt)
at the Rowlett Park station for oy flow above zéro cfs. The data shown in Figures 4.2 through
4.5 show this assumption is not always true, and at low flows, may not be the case most of the
time. With the exception of the plots using 14-day flows, Figures 4,2 - 4.4 indicate that salinity
values of 1.0 ppt or less should be fairly consistent at Rowlert Park at flows in the range of 15
to 30 cfs. There are some exceptions to this tendency, most potably a value of 4.2 ppt salinity
that was recorded by WAR/SDI at flows between 24 and 27 ppt, depending on the flow term that
is used.

Although the change in salinity at Rowlett Park is somewhat L-shaped, Figures 4.2 through 4.4
suggest a byperbolic response of salinity to flow, which is the typical pattern observed in the upper
reaches of esmuanes (Longley, 1994; Sklar and Browder, 1998), In order to predict salinity as a
function of flow, regression models were developed for the flow and combined salinity data at
Rowlent Park. Models were developed separately for the relations of 3-day and #-day flows o
mid-depth saliniry. Mid-depth salinity was used because of the larger number of observations
compared to surface and bottom waters.

As discussed on page 4-20, the USGS data set contains many daily observatons that may be
serially correlated. Therefore, regressions fit to the combined salinity data at Rowlett Park could
be strongly influenced by the large number of daily observations available from the USGS
recorder. To limit this potential source of bias, the USGS data were reduced so that only one
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Figure 4.5 A and B. Plots of salinity vs. rainfall at Rowlett park for:(A) 8-day flows of less than
2 cfs and (B) 8-day flows of greater than 2 cfs and less than 30 cfs.
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observation was included for each series of days that appeared interrelated with very similar values
for salinity and flow. This was done only for days with flows berween 1 and 50 cfs, since this
15 where the mos: dramatic change in salinity occurs. This reduced data set 1s referred w as the
event-based USGS data, since only one observation 15 included for each flow event. The
reductions of the daily U'SGS data w create the 3-day eveni-based data set are in Appendix 1.

Regressions were then performed separaiely on the combined salinity data at Rowlett Park using
both the event-based USGS data and dara that included the complete USGS daily records. For
all models. both salinity and flow were ransformed to the namral loganithm after a constant of
1 was added o all values. The intercept and slope parameters were significant at p< 0.001 in
all models tested. The coefficients of determinadon (r-square) for the regressions ranged between
0.40 and 0.49,

Plots of the data with the firted regression lines are shown ie Figure 4.6, while salimiry values
predicied from the four regressions are listed in Table 4.12. In general. there was very little
difference between predicted values for the event-based and daily USGS data, although the even-
based regressions predicted slightly higher salimes at low flows. Also, regressions using 3-day
flows predicted slightly lower salinities at low flows than the regressions using 8-day flows, bur
the values were very close. Predicted salinity values at 10 cfs flow ranged from 1.0 to 1.3 ppt,
while predicted salinity values at 25 cfs ranged from 0.4 to 0.6 ppt.

Table 4,12, Predicted mid-depth salimity values &1 Rowlent Park for the four regressions shown in
Figure 4.6. Flows are in cubic feet per second and salinity is parts per thousand.
Listed flows are either 3-day or 8-day flows depending on the regression that is used
{3A, 3B, 8A or 8B ir Figure 4.6.)

Salimity (ppt) predicted by regressions
shown in Figure 4.6
Flow 3A iB gA 2B

0 4.6 48 51 53
1 3.2 34 3.5 3.7
5 1.6 1.8 1.8 1.9
10 1.0 1.2 1.2 1.3
15 0.7 09 0.9 0.9
2 0.6 0.7 0.6 0.7
25 0.4 0.5 0.5 0.6
30 0.3 0.4 0.4 0.5
35 0.2 0.4 0.3 0.4
40 0.2 0.3 0.2 0.3
45 0.1 0.2 0.2 0.2
50 0.1 0.2 0.1 0.2
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4.7 o i i W 1]

An objective of esiablishing a freshwater zone below the dam could be subject 1o certain
qualifiers. The first is size - high discharge rates will create a larger freshwater zone than low
discharge rates. Larger zones would result in a greater volume of suitable habitat for freshwater
organisms, with corresponding increases in the abundance and productiviry of those species,
However, given the high salinity values thar can occur pear the dam during no discharge
condidon, even & small freshwater rone would represent a significant change from the existing
conditon.

Secondly. it is probably not necessary for an area to be consistently below a critical salinity value
for freshwater organisms to survive there. Freshwater fishes differ in their salinity wlerances and
many species can tolerate peniodic exposures w brackish water (Peterson and Meador, 1994).
Salinity tolerances of fishes can differ with size and age, however, and the reproduction or
recruigment of cerntain species could possibly be affected before the growth and survivability of
adults. The reproduction or survivability of freshwater fish species could be separate measures
of success depending on the management criteria that are established.

Invertebrates also differ in salinity tolerances, as some freshwater invertebrates are often found
in slightly brackish streams. A given minimum flow would probably result in a gradient of
inveriebrate communities, with the least salt-tolerant organisms oriented upstream toward the dam
and more salt-tolerant organisms extending some distance downstream. By imfluencing salinity
and the physical flow characteristics of the river below the dam, minimum flow releases could
significantly improve both the biological diversity and stability of this region of the lower river.
Al present, fresh waters occur below the dam during the wet season. During the dry season,
howewver, salinity can get high enough there to canse mortality of freshwater benthic communities
and prevent them from becoming established year-round (WAR/SDI, 1995).

Minimum flow releases could be beneficial by creating a freshwater zone below the dam that
supports reproducing populations of invertebrates that are charactenistic of the tidal freshwater
reaches of the bay's tributaries. Survival of these populations throughout the vear would greatly
eénhance the stability of food webs below the dam and the production of higher trophic levels such
as fish and wading birds. Furthermore, these resident freshwater populations could colonize areas
further downstream when high flows remrn. At present, the initial recruimment of freshwater
populations below the dam must be limited to organisms washed in from the reservoir or nearby
storm drainage nerworks during high flows, or possibly reinroduced though the activides of birds.

The Rowlett Park station may be a good reference location to establish target salinity (or specific
conductance) conditions for a minimum flow release. The station is located about one-half mile
below the base of the dam  and salinity values just below the dam should be less than values
measured at the Rowlett Park bridge. Since there is so much existing data at this location, and
the station can be monitored with antomated recorders, the effects of a minimum flow could be
compared o previous condinons (o assess improvements in water quality.
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Minimum flow releases would affect the iocation of the zone of transition o esmarine
communities and possibly enhance esmarine habitats by reducing the abnormally high seasonal
variations in salinity now observed in many areas. As shown in the plots of dara from all three
sources (WAR/SDI, USGS_HCEPC), the highest salinity values are recorded during periods of
no discharge from the dam. Regressions fitted to these data show that substantial reductions in
salinity can occur at relatively low flows. At some locatons, relatively small minimum flows
could substantially reduce the high seasonal variability of salinity and other physicochemical
characteristics that can cause stressful condinons for many organisms.

4.8 istret Bre
Com D

Coastal Environmental (1997 found significant relationships between discharge from the
Hillsborough River dam and the proporion of DO values in the lower nver below 1, 2 and 3
mg/l. This relatonship, however, was not evident for the proportion of DO values below 4 and
5 mg/l. This finding is supported by the plots presented in Appendices F, H and -1, in that
some quantiies of flow are very effecuve ar raising DO above very low values, butl not as
effective at raising them above 4 or 5 mg/l. 1t should be nomed the regressions developed by
Coastal (1997) relied solely on the WAR/SDI data set and analyzed datz from zll the stations
together. As indicated by plows of DO vs. flow for the different agencies and the mid-day DD
regressions developed by Coastal (page &-7), the response of DO to flow can vary markedly
berween different stations and depths in the fiver. Therefore, it could be informative 10 examine
the proporton of low DO concentratons as a function of flow at different stations separately.

Plots of DO vs. discharge from the three data sets (WAR/SDI, USGS, HCEPC) frequently
showed similar reladonships when 2 station was sampled by more than one group. In order to
better evaluate DO/flow relatonships at these stations, DO data were combined from the three
data sets for stations at Rowlen Park Drive, Sligh Aveoue, Columbus Ave. and Platt Steet. Data
from vanious depths were merged as described for the combined saliniry data set for Rowlett
Park, except that data for individual depths below 2 meters in the WAR/SDI data set were
retained. Station 10 near Platt 5t. in the WAR/SDI data ser was combined with the Platt St. data
for the USGS and HCEPC due to the proximity of these stations.

DO data from the top 2 meters of water at these stations are plotted vs, discharge in Appendix I-1.
As with the separate data sets, there is a strong posidve relationship between flow and DO at
Rowlert Park, with DO values consistently over 4.0 mg/l for same-day and 3-day flows greater
than 33 and 435 cfs, respectively. Improvements in DO with increasing flow were also found for
Sligh and Columbus Avenues, but at higher breakpoints. The data at Sligh and Columbus did
indicate that flows in the range of 5 to 20 cfs were effective at raising DO values above 2 mg/]
at those stations. However, the potential effects of siormwater runoff below the dam on these
relarionships were not examined.
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Many plots from the combined data and separate datz sets show that the vanability of DO ar
several stations is a function of discharge. Generally, the variability of DO was greatest during
no-discharge conditions, with a significant proportion of the DO values below 2 mg/l. Tc
evaluate these patterns further, the District examined relationships berween flow and the
proportion of low DO concentrations at individual starions and sections of the lower river. This
was accomplished by sorting the DO measurements by their corresponding rate of discharge and
segregating the data inwo discharge classes of 10 cfs increments. Within each flow class, the
percentage of DO values below 2 mg/l and greater than 4 mg/l were tallied and summanzed in
tables. The analysis was done twice. The first began with a flow class of 0 o 5 cfs and increased
by ten (5 to 15 cfs, ew.). while the other began with a flow class of 0 wo 10 cfs. The analysis
proceeded in 10 cfs increments up 95 or 100 cfs, above which all observations were pur into a
single high flow class. The analysis was done for 3-day and 14-day flows, since these were the
flow terms used by Coastal (1997) and WAR/SDI (1995) in their regression and correlanon
analyses, respectively.

The objective of the analysis was to determine if there were breakpoints in the data where the
proportion of DO values in the two classes (<2 mg/l and > 4 mg/l) changed as flow increased.
Judgement was used to determine when there was a fairly consistent paitern of higher flows
resulting in a change in DO distributions. Breakpoints in the data were determined considering
dara for a given flow class and all flow classes above and below it. It is important to emphasize
this analysis should be considered a coarse tool. Frequently, there were not numerous observations
in the flow classes berween which breakpoints were derermined.

A summary of the breakpoin: analysis is presented in Appendix I-2. The results are grouped by
sections of the river. In some cases, data are combined from one or more adjacent stamons to
increase the number of observations and determine if there were consistent relationships n
different sections of the river. The numbers shown under the headings < 2 and > 4 mg/l DO
list the observed breakpoints. Two flow classes represented by a single number on either side
of the slash are listed for each breakpoint (e.g. 15/15 cfs). The number on the left side of the
slash (15) 1s the upper limit of the lower flow class where the break occurred. The number on
the right hand side (L5 cfs) is the lower lim:t of the upper flow class where the break occurred.
In other words, a listing of 15/15 for the < 2 mg/l DO column means that the 15-25 flow class
had markedly fewer DO observanons less than 2 mg/l than did the 5 to 15 class. It does not
mean the break necessanly occurred at 15 cfs.

If there were an insufficient number of observarions in one or more intermediate classes the two
listed numbers are different, such as 525, This means that the 25-35 class had markedly fewer
observatons of DO less than 2 mg/l than the 0 to 5 cfs class, but there were too few observations
betwesn those discharge classes to define a closer breakpoint. [ no breakpoints were observed
the symbol U was assigned. In most cases where U was assigned there was no clear relatonship
berween flow and DO, at least in the flow classes examined. [o some cases, however, U was
assigned when there appeared to be a general posidve reladonship with flow but no clear
breakpoints were observed.
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The summary tables presented in Appendix I-2 show there were frequent breakpoints determined
in the data. A 5/5 or 10/10 breakpoint was found for some stations and sections, meaning that
flows as low as 5 to 15 cfs or 10 to 20 cfs resulted in a positve change in DO. In other cases,
breakpoints ranging from 15 to 40 cfs were determined, indicanng thar additonal flows connnus
1o have a positive response on DO at those stadons. Other breakpoints were observed ar
reladvely high flows (65 10 95 cfs).  Although those breakpoints may be relevant to high flow

management on the rver, mirimum flows in that range would be impracucal, In general, these

analyses indicate that relarvelv small minimum flows could have a beneficial effect op DO

concentrations in the river. with this effect being most pronounced in the upstream areas. This

corresponds to the findings of Mewcalf and Eddy (1983), who concluded thar continual freshwater
releases would improve in DO copcentrarions in the lower river. with the length of the miver
experiencing improvement dependent on the magnitude of the freshwater release (page 6-20).

Relationshipns O

River Reservpir

Minimum flow releases may affect water quality parameters in the Lower Hillsborough River
other than salinity and DO. Such changes in water quality could potennally affect biological
communities below the dam. The hydrobiological study by WAR/SDI (1995) examined the
response of vanous water qualiry parameters to discharge from the Hillsborough River Reservoir.
Also. the Hillsborough Counry Environmental Protection Commission {HCEPC) has three regular
monthly monitoring sites in the Lower Hillsborough River at Rowlett Park. Columbus Avenue,
and Plapr St Relationships of water quality at the HCEPC swations to discharge from the
Hillsborough River Reservoir are evaluated below,

One factor thar was raised during the minimum flows evaluation was the degree 1o which the
Lower Hillsborough River has been affecied by stormwater runoff below the dam. In response
to these concerns, the permit required hydrobiological smdy included an assessment of nurient
lpadings from local stormwater o the lower Hillshorough river and Palm River (HSW, 1992).
o 1980, a modeling sudy of water quality in the Lower Hillshorough River was published by
the University of South Florida for the City of Tampa (Ross. 1980). In the early 1980's, a major
study of the effects of stormwater runoff on water guality in the Lower Hillsborough River was
concucted by Metcalf and Eddy (1983) as part of the Nationai Urban Runoff Program. This
project incleded biological studies that examined the response of various organisms (o SLOTmWAter
runoff (Mote Marine Laboratory, 1984).

Wat

Summary statistics for selected water quality parameters measured by the HCEPC are listed in
Appendix J-1 for discharge and no-discharge conditions. At Rowlert Park, the mean value for
chlorophyll a for no-discharge conditions (21.7 wgll) is three tmes greater than the mean for
discharge conditions (7.2 ug/1). This high value for no-discharge is influenced by several bloom
occurrences, but the median for no-discharge (10.1 wg/l) is also greater than the median for
discharge conditions my more than a factor of two. Both mean and median concentrations of
biochemical oxygen demand (BOD) are higher for the no-discharge conditions, although these
differences were not stansucally tested. The high mean value for Total Suspended Solids (TS5)

4.37




for no discharge conditions was influenced by several very high readings, but the median j.r_alue
for no-discharge (12 mg/1) was also considerably higher than the median for discharge condinions
{5 mg/l). As expected. mean and median color values were considerably higher for discharge
conditions at all three statons.

Similar to the Rowlen Park siadon, mean and median chiorophyll concentrations at Columbus
Avwve, were greater for no-discharge conditions. The difference is median conceniranons was
considerable - 18.1 vs, 4.9 wg/l, indicaring that large algal populations are more common in the
lower river when there is no flow from the dam. Means and medians for BOD and TSS were also
higher for no-discharge conditions, while the median for nitrate was considerably lower. Cme
difference from Rowlen Park is that bacteriological parameters are higher for discharge than no
discharge condifions. Since discharge condinons occur during the wener omes of the year, it is
not clear to what degree these bacterial counts are attributable to discharges from the reservoir
or local inputs of urban stormwater below the dam.

At Platt St., means and medians for chlorophyll and BOD were close berween discharge and no-
discharge conditions, but TS5 was still elevated duning no discharge conditions. As discussed
earlier in the summary of the WAR/SDI report. this probably reflects the influence of high TS5
water from Tampa Bay. As at Columbus Ave., bacteriological parameters at Plart St. were higher
during discharge conditions,

4.8.2 Plots of HCEPC water quality parameters vs, discharge and correlation apalysis

The concentrations of 13 water quality parameéters in surface waters at three HCEPC stations in
the Lower Hillsborough River (Rowlett Park, Columbus Ave. and Plar St.) are plotted vs. 8-day
discharge from the Hillshorowgh River Reservoir in Appendix J-2. Plots are presented separately
for an expanded flow range and flows less than 200 cfs so that the response to low flows can be
more closely examined. Pearson produci-moment correlations of these parameters with discharge
are presented in Appendix J-3. Cormelatons were tested for the entire flow range (all flows) and
flows less than 100 cfs (low flows) using log-ransformed and unransformed discharge data from
the Hillsborough River Reservoir.

A significant negative correlation was found berween pH and discharge at Plant St.  This would
be expected as mver waters replace more buffered saline bay waters as flow from the dam
increases. This pattern also appeared in the plot for Columbus Ave. but significant correlatons
were not found, possibly due 1w the effect of rwo outliers near 600 cfs. At Rowlen Park the
untransformed data indicated a neganve correlation of pH with discharge when all flows were
analyzed, but significant positve correlations were found at low flows (< 100 cfs). Plots of the
data, however, do not indicate a clear relationships between flow and pH, with the possible
exception of a few values less than 7 occurring at no flows. Color was positively correlated with
discharge for all stations and flow ranges.

Chlorophyll a2 and BOD were highly correlated with each other (r=0.79) at Rowlett Park,

indicanng that algal blooms may be a major source of oxygen demand in this part of the river.
Both parameters were negatively correlated with discharge for both low flows and all flows. Plots
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of the data show that high values of both parameters were largely limited o periods of zero or
very low discharge from the dam. For example, of 3] wial observanons of chlorophyll over 25
ugll at Rowlett Park, 26 occurred during no-discharge condidons while the remaining five
occurred at B-day flows berween 3 and 11 efs. Similar results were found for BOD, Of thirty
total observations of BOD over 3.5 mg/l, 27 were dunng no-discharge conditions while the
remaining three observations occurred at flows berween 2 and 11 efs.

These relationships indicate that flows from the reserveir prevent high algal biomass in the region
below the dam by increasing flushing in this part of the system. Based on 36 observatons,
WAR/SDI (1995) found chiorophyll 8 was negatively correlated with discharge at stations 2
through 7 and 9, but no significant correlanons were found for BOD. In the HCEPC data for
Columbus Ave,, both chiorophyll and BOD are negatively correlated with discharge, Plots of
these data indicate that relatively small discharges from the dam help reduce the occurrence of
high chiorophyll concentrations at Columbus Ave. Similarly, high vames of chlorophyll and BOD
were infrequent at Columbus Ave. if flows are greater than 60 cfs. There was considerably more
scatter in the flow/concenmation plots for Plan St., and the correlacons resulrs for chlorophyll and
BOD were inconclusive.

TSS were negatively correlated with discharge at the Columbus Ave. and Plam 5t. statons.
Although significant (p< .03) correlanons were not observed at Rowlent Park, (possibly due to
one outlier near 400 cfs), plots indicated a general negative relationship between TSS and
discharge at that station. Of twenty total observations of TSS values over 17 mg/l, seventeen
occurred at flows Iess than 20 cfs. WAR/SDI found that TSS was negarively correlated with
discharge at stations 2 through 7 and 9.

The relatonships with nutrients were mixed. Nitrate was negatively correlated with discharge at
Rowletnt Park over the entire flow range, but was positively correlated with discharge at Columbus
and Platt Street. These results at Columbus and Plart are pot surprising, as discharge brings new
imorganic nitrogen into the system while ar the same increasing flushing and decreasing algal
biomass, as evidenced by pegative correladons with chlorophyll a. Large phytoplankton
populations during po-discharge periods could result in low inorganic concentrations due to plant
uptake.  Total nitrogen was negatvely correlated with discharge at Rowlent Park, which may
be related to the negative correlations with chlorophyll and BOD at that site, but was positively
correlated with discharge at Platt 5t. Ortho-phosphorus, but not total phosphorus, was posidvely
correlated with discharge at Rowlett Park and Columbus Avenue.

The resulis for bacteriological parameters were mixed between stations and low and high flows.
Although the large majority of very high counts of total coliforms (10,000 to 100,000 col./100
ml) at Rowlett Park occurred ai zero discharge, there were no significant correlations with
discharge. At Columbus Ave., high counts were also observed at zerp flows with some drop-off
at low flows (10 - 20 cfs). There was a general increase with discharge at flows abowve 20 cfs,
however, resulting in significant positive correlations with discharge for all flows and low flow
conditions (< 100 cis), Total coliforms were positively correlated with discharge at Plant St.

Fecal coliform bacteria were negatively correlated with low flows at Rowlen Park, but not
significantly correlated when all flows were analyzed. In contrast, both fecal coliform and fecal
streptococci counts were positively correlated with all flows at Columbus Ave. and Platt St., but
plots and correlation analysis found that this relationship did not exist at low flows (< 100 cfs).
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Orverall, the data indicate that minimum flow discharges will improve warer qualiry in the upper
reaches of the lower river by improving flushing and reducing high concentratons of chlorophyll
a, BOD, and coliform bacteria, Even as far downstream as Columbus Ave. . the data indicate that
relatively small flows may belp reduce chlorophyll concentrations. However, it is difficult o
determine to what extent rainfall and local rupnoff influence these relationships. For some
observatons, local runoff below the dam may have a greater effect on flushing dmes and warer
chemistry in the river than relatvely small flows ar the reservoir dam. Regardiess, the analysis
of discharge/concentration relationships from both the HCEPC and WAR/SDI data bases indicate
that minimum flow releases should mot result ic any water quality problems in the Lower
Hillsborough River. This corresponds with the conclusion of Ross (1980). who stated thar water
quality in the Hillsborough River is especially vulnerable to nonpoint source runoff during periods
when the dam is closed (page 11). Similarly, Metcalf and Eddy (1983) concluded thar flows
from the dam play acrucial role in the water quality of the river, and moderate to high flows from
the dam act to diminish any impacts of stormwater runoff below the dam (pages 2-28, 2-29).
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5., HYDRODYNAMIC SALINITY MODELING OF LOWER HILLSBOROUGH RIVER
. Two-dimensi

A two-dimensional hydrodynamic model of the Lower Hillsborough River was developed by the
District to further examine the response of salinitv in the Lower Hillshorough River 1o inflows of
fresh and near-fresh water. It is a laterally averaged model which includes both vertical and
longirudinal compornents. The model was calibrated and venfied using data recorded in 15 or 60
minute intervals by automated instruments operated by the USGS duning 1981, 1982 and 1997.
A repon that describes the development, calibration, and verification of the model is presented
in Appendix O.

The verified model was used w simulate the effects of different minimum flow scenarios on
saliniry distributions in the river. These scenarios included different combinanons of discharges
from the reservoir and flows from Sulphur Springs thar could be diverted to the foot of the dam.
Forty-five scenanos were run for the same simulation period of 18 days ending with spring tides
to examine the effect of different flow scenarios on salinity distribunions in the river.

Ourputs from the scenario runs are presented in two forms. The first are color graphics that show
two-dimensional salinity distributions in the river for each minimum flow scenario. The other is
a table of saliniry zone volumes predicted to occur for the different flow scenarios. This table and
the complete set of two-dimensional saliniry plots are presented in Appendix O. The table of
watar volumes 15 also shown in Table 5.1 (page 5-18), and selected two-dimensional salinity plots
are presented i Figures 5.1 through 5. 14,

The table of water volumes was produced by averaging the mode] ourput from the last 48 hours
of the 18-day simunlations, while the two-dimensional salinity plots are instantansous distributions
at different times during the tidal cycle. The simulations were run with negligible rainfall to
determine the effect of discharges from the reservoir and Sulphur Springs on saliniry distributions
when there is no direct stormwater renoff below the dam. Although the results were taken from
eighteen day simulatons, model outputs examined for shorter time intervals indicate these results
are indicative of salinity distributions afier shorter periods of no rainfall (3 to 4 days).

The verified mode] was also used to examine the effects of 2 minimum flow of 10 ¢fs on salinity
distribution during namrally occurring patterns of rainfall, dam discharges, and stormwater ranoff,
Three cases were studied: (1) 0 ¢fs minimum flow, (2) 10 cfs minimum flow from the reservoir,
and (3) 10 cfs minimum flow with diversion from the Sulphur Springs. The simulation period for
the three cases was 2 9-month period from September 1981 through June 1982.

.2 Salinity distributi .

The wo-dimensional color graphics are valuable for they illustrate the effect of flows from
Sulphur Springs on salinity distnbutions in the river near the spring outfall. Based on recent
water chemisiry data, the salinity of water discharging from the reservoir was set at 0.1 ppt in
the model runs while the saliniry of water discharging from Sulpbur Springs was set at 1.2 ppt.
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Under conditons of average springflow (31 cfs) and no discharge from the reservoir (Figure 5.1},
the model shows lower surface salinity in the river near the spring outfall (4 to 5 ppt) than pear
the dam (5 w0 6 ppt). The model also shows steep verncal salinity gradients in the river near the
spring, which was confirned by field measurements made during 1996 (Table £.2) and
measurements by WAR/SDI at stanons 3 and 5 (Table 4.1).

Simulated saliniry values at Rowlent Park Drive (0.8 kilometers downstream of dam), assuming
average springflow and no discharge from the dam, range from less than 6 ppt at the surface (o
near & ppt at the bottom (Figure 5,1}, These values compare very well with salinity measurements
taken at Rowlent Park Drive during conditions of no discharge and low rainfall. For example.
when the 14-day average flows were less than 2 cfs and the six-day rainfall was less than 0.5
inches, mean salinity at Rowlent Park was 6.5 ppt for the USGS data (n=34), 7.3 ppt for
WAR/SDI data (n=15), and 7.6 ppt for the HCEPC data (n=13).

The graphs indicate that a release of 10 cfs from the reservoir will reduce salinity to between 1
and 2 ppt on the nver bottom at the foot of the dam (Figure 5.2). At 15 cfs flow from the
reservoir, the 1.0 ppt isohaline occurs on the bottom of the river on all tdes, extending about 0.8
kilometers downstream of the dam on low tde (Figure 5.3). Higher flows push the salt
copcentrations further downstream. At a 40 cfs release from the reservoir the | ppt ischaline
ranges from about 1.5 w 2.0 klometers below the dam depending on the tide (Figure 5.5) At
a 80 cfs release, the 1.0 ppt 1sohaline ranges from zhout 3 1o 4 km below the dam, keeping the
large deep area 2.5 kilometers from the dam fresh throughout the ndal cycle (Figure 5.6). For
compararve purposes, the mode] was run for several minimum fows scenarios that assumed low
{20 cfs) and high flows (40 cfs) from Sulphur Springs. Two-dimensional plots are shown in
Figures 5.7 through 5. 10 for minimum flow releases of 10 and 20 ¢fs assuming low and high flow
rates from the spring.

A valuable atiribute of the model was that it allowed the simulation of minimum flow scenarios
that involve divering a portion of flow from Sulphur Springs to the base of the dam. Figure 5.11
shows a mmnimum flow of 10 cfs spring water at the base of the dam, with the remaining 21 cfs
of springflow entering the river at the spring outfall. This scenano results in a zone of salinity
less than 3 ppt near the base of the dam, with the size of this zone varying with tidal conditons.
Increasing the amount of diverted spring water to 15 cfs results in the 2 ppt ischaline appearing
below the dam (Figure 5.12).

Figures 5.13 shows the effect of 2 minimum flow comprised of 10 cfs diverted spring water
matched with 10 cfs of flow from the reservoir. This scenario results in the 2 ppt ischaline
exiending about one-half to one kilometer below the dam depending on the nde. A scenario of
15 cfs diverted spring water matched with an equal quantity of flow from the reservoir shows
further downstream movement of the | ppt and 2ppt isohalines (Figure 5.14),

TEXT CONTINUED ON PAGE 5.17
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3 Prediceed salinity zo I

Salinity zone volumes for thirty-eight sceparios are preseated in Table 5.1. The response of ten
different salinity zones were simulated so that comparisons could be made to the Venice System
(Anonymous. 1959 as cied in Bulger et al., 1993) and the Bulger et al. {1993) salinity
classification systems. The < 0.5 ppt zone was taken from the Venpice System, which may be
imporiant 1o organisms with low salinity tolerances, The < 4.0 ppt zone corresponds to the
freshwater to 4.0 ppt classification of Bulger et al. (1993), which was developed from principal
component analysis of salinity ranges of fishes and invertebrates from the mid-Atlantic region,

Scenano numbers 21 through 30 in Table 5.1 list salinity zone volumes corresponding to different
reservoir releases with an average flow of 31 cfs from Sulphur Springs. Using the model with
its standard grid size. the < 1.0 ppt salinity zone does not occur below the dam until the reservoir
release is 15 cfs. To investigate whether reducing the gnid size would give beter resolution of
the occurrence of fresh water, the mode]l was re-run with smaller grid sizes near the dam (see
discussions on page 5.2 in Appéndix O). That simulabon (# 23A) resulted in a small zone {540
cubic meters) of <0.5 ppt saliniry water below the dam with a 10 cfs minimum flow. The
standard grid size was run for all other scenarios.

The volumes of low salinity waters rapidly increase with discharge from the reservoir. For
exampie, the < 0.5 salinity zone increases from 540 wo 20,300 cubic meters as fiows ar the dam
increase from 10 to 15 cfs, then doubles again as flows increase to 20 cfs. Similarly, the < 1.0
Pt salinity rone increases by about a factor of five (from 14,000 to 73,400 cubic meters) when
flows increase from 10 to 20 cfs. As flows increase from 20 to 30 cfs, the <{.5 ppt zone again
doubles while the < 1.0 ppt zone increases by 78 percent.

Table 3.1 also inchedes results for scenanos involving diversion of Sulphur Springs water to the
base of the dam. A diversion of 10 cfs spring water with no reservoir release does not result in
water less than 1.0 ppt below the dam, but 2 < 4.0 ppt zone of 82,710 cubic meters is
established. Supplementing this springflow with 5 cfs from the reservoir nearly doubles the <
4.0 ppt zone, while it takes 10 cfs of reservoir water to establish a significant < 1.0 ppt zone.
If 15 cfs is diverted from the spring, addition of 5 cfs reservoir water creates a small < 1.0 ppt
zone.

The modeling results can be used 1o visualize what salinity distributions in the lower Hillsborough
River would be under a different freshwater flow regime, For example, the median of esimated
daily nflows to the Hillshorough River Reservoir for the period from 1974 to 1996 was 164 cfs,
with only 5 percent of the values below 58 cfs (Table 2.4). Even if these inflows are reduced by
seepage and evaporation losses from the reservoir, which have been estimated at between 33 and
53 cfs during very dry periods (Environmental Science and Engineering, 1987; page 6-3), the
hydrodynamic modeling results indicate there would nearly always be freshwater zone below the
dam in the absence of water withdrawais from the reservoir.
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Run |River [2P70E r.inn] Salinity Range (pPt) ]
no. |Fiow | FI%W | Fiow 0-05 i =4 =5 1-%07 G5-11] #-1 i11-18] 6. "ﬁ{
jetsi |eTE [1=E]
H 0 0 20 0.z -::._l}| il ] 0.1 3181 El.ﬁ 38T 1010 4 | 1685 4 | BO4.2
2 [1+] C 20 ] OEY 1184 1868 B| 4858 T3 3984 11276 16634 | GBE6
3 20 i 20 Z87| 4B3| 2128] =72 0| Eibol S74E]| 433T| 1152.3) 1615.5] 638.0
& 40 0 20 1425 15531 374 1] a30 EE1Gl  ABAT| 540 %| 0B E| 1466 1] 5515
T | &t o 20 2620 3375 GAAO| E£7B0| BSBE| G36o| 726.0| B354 11851] 4704
& 105 [l 20 et aodal Tioq| sz el 8505 €38 6| 738.3 T3E 11 10356 | adE.B
- m 0 i 00| 0| G5E5| ZU25| 5330 406z| 580.5| 1153 9| 16230 6538
w T i Hs 36|l 07| 28| 32735 s168| =1E3| 40| 193s 9] 1ETEE] 8002
ERERE Ty E16] SE0| 3HEZ 4&&&&"5.& 4721| 53z24] 10764 13534 5599
! 10 a0 i &0 154 3 .E“'u"dul dgi.a 25T Tras BAg 4 B4R E SRS Q| 1324.9 | S0&E.0
T ; 3 266 7] 37721 B307| TR 5| QB02| 6B04| TBA.E| TA5.3) 104BT| &47.A|
|3 1 1] ) 070 4478 hec vl 1029.3 B63.5 ﬁﬁ.i BE1.8 SZB 6| 431,27
3 1 0 | 10 10 00| ©o| 31.3| S580| 3237 a3252) 351.9] 1002.1| 16851 8071
@ | & | 10 | 10 00| 00| B0.1| 122B| 389.2| 2318 374.3| 1086.3| 1674.6] 743.8)
3 |0 | iU 10 00| 122]| 132.7| 170.7| 4325| 3372| 3823| 1127.5) 16864.1 654 6
6 |15 | 10 v 00| 372] 1761 Ei| 4743| 3500| 4029| 1148.2| 1635.7 | 6685
A7 | 0 | 20 | 20 00| 00| 173.2| 233.6| 5330| 3750| 4354| 11631 1632.0| 654.2)
18 [ s 20 20 gal 186] 22aa| 2Be 2] sT28| 3BE4| 451.3] 1154.5] 16080 B
iy |10 | w 20 00| 46.5| 265.8| S4EZ| B0O1.1| 40B.0| 4747} 1137.3| 1574.8| 595.5
W11 | U | 20 00| 752 3137| 372 5| Bi20| 4a24| 503.8| 1106E| 15348 6771
21 | D 0 31 00| oC BE| 4705| 4460| A4BOG| 5014] 1128.3] 1668.0| T02.2)
722 | 5 0 3 80| 00| 1%8| Z00B| o06.2| 37ez| 4365| 1140.2| 1645.1 | 6BE.1
e 10k u 3l Q.0 147 1528 L 546.8 385 .4 ME‘.I 1154.1| 1618.8| 638.2
23a| W0 | © ] 05| 40| 1804 2517 Sea7| 385.0| #a6.6| 1153.0) 1616.7| 642.8)
= | 15 0 31 03] A4za| 28020 SUBE| STTG6| o905 46B.7| 1143.1) 1587.8)] 6137
25 |20 | © 31 416| 734| 2802| 35711 BO61| #10B| 4B7.8| 1123.0| 1550.68) 5024
26 |30 | O T BE 4| 1306] 36771 4254| B690| 4B3E[581.1| 10670 14727| Ga24
= | W | U Tl | 1321| 1860| 424z| 2BZ1| 7i7.2| G4B3| 604.1| 10050 13B6.5| 526.5
25| B 0 3l 7205|2933 5277] BUEU| E1E7| G1B2| 66.6| BBG4| 12:7.5) 4888
28 | 80 | O 3 264 0| 358 3| Bas.z| 7433| 821.3] 6516 r507| T7Bad| 0962|4571
30 |00 | O 3 3187| 425.3| 762.3| BGSBSE| 10008 BBEZ| 772.8] GO94E| S721 4ﬁ|
3] U ] b4 oo| 00| B27] '530| adT5| O53T|A4288| t1287| 1667.7) 70a.1
i 3 i = o G0| 154.9| ZUDS| S034| 3611| 4156| 1140.5| 1545.1| 671.0]
33 |10 | 10 71 00! 255| 2020| 281.2|1 E30B| G778 4370| 11548 B0 8] 6306
n 15 10 21 1.3 51.4 247 0 328 EET.T 3955 461, 1142 5 1@3_.5 614.1
35 [} 15 16 0.0 2.0 1086 'IET1 447 3 348 31 4008 1126.5| 166869 Ti4.1
3 | 5 15 16 00| 14| 1817 21a5! B033| 3573 4101 1145.6| 1645.0| 664.8
37 | c | 1B | 16 00| 3a0| 2063| 2662| 5254| 3730|4320 1154 7| 16224 | 63R.8
W |13 | 13 m 00| 5511 2505] J145| 5B& 1| =0&83) 4BB3| 1144.0] 1500.2] E12.3]

Table 5.1 Two-dav average warter salinty zone volumes ¢ 1000 m*) for various minimum flows.



The minimem flow scenarios deseribed above can be considered worst case scenarios since they
were run assuming conditions of no rainfall. Even during periods of no discharge from the dam,
periodic rainfall events and resulting stormwater runoff should reduce saliniry below that predicted
for the minimum flow alone. To evaluate how minimum flows would affect salinity under actmal
rainfall condinons, the mode! was run for a nine month period from September 198] through June
1982 with an assumed 10 cfs minimum flow. Rainfall at a nearby site was used to calculate
stormwater runoff to the Lower Hillsborough River which entered into the model along wath
discharges from the dam reported by the USGS. On days when flows from the dam were less than
10 cfs. a minimum flow of 10 cfs was input into the model. Greater details on the bydrologic
variables that were used for 1931-1982 simulations are presented in Chapter 5 of Appendix Q.

The model was run for three scenarios: (1) no minimum flow: (2) a 10 ¢fs minimum flow of water
from the reservoir; and (3) a 10 cfs minimum flow with diversions from Sulpbur Springs used to
bring the total flow at the dam up to 10 cfs (small dam discharges were mcluded in total 10 cfs).
Salinity zone volumes were calculated for each of the 274 days in the nine month period. Durning
this period there were periodic discharges from the dam that occurred berween periods of no flow.
In order 10 examine saliniry distributions during periods of peniodic rainfall evenis but low dam
discharges, a subset of 135 days was examined when recorded flows from the dam were less thap
10 efs, including many no-discharge days when only small flows from dam [eakage were reported.

Daily salinity zone volumes were calculated for each of three scenarios using both the 274-day and
135-day dme periods. The resulis of these simulations are presepted in Table 5.2 and 5.3 as
frequency distributions of salinity zone volumes. With the 274-day record (Table 5.2), salinity
zong volumes for the higher percentiles (60 to 100) show little difference between minimum
flows, since periodic flows from the dam control the magnitude of the larger salinity volumes that
occur. From the 50 percentile and lower, however, the saliniry zone volumes differ for the
minimum flows. For example, the 40" percentile value for the <1 ppt zone for the 10 cfs
reservoir minimum flow s over 4 umes greater than the volume calculated with a minimum flow
from Sulphur Springs, due to the salinity of the spring water being simulated at 1.2 ppt
Differences in the higher saliniry zones (< 4 and 4-11 ppt) are not as pronounced.

Salinity zone volumes for the 135-day time period show greater differences between minimum
flows, because the effects of dam discharges are greatly reduced (Table 5.3). For example, 70
percent of the ume there isno < lppt zone if Sulphur Springs is used 1o provide the minimum
flow, but this zone is present most of the time if reservoir water is used. For the < 1.5 ppt zone,
however, the resulrs are much more similar between the two minimum flow sources.
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W <0.5 <1 <15 <4 411
Parcant
Mo Minimum Flow
130 2604 56 2677.40 2707 85 2789 80 122093
o0 1208.24 145470 1571.71 1883.36 819.53
B0 B5T. 58 1095.72 1245 36 163636 711.11
TO 801,16 B28.66 965 49 1357 .80 635 16
&0 aT1.24 a83.58 683 19 1068035 8440
&0 204 47 318,62 J9E 10 6096 560.38
40 4570 107 .22 1901 45 407 47 525 24
30 C.00 0.00 536 251.85 455 18
20 000 0.00 0,00 BT .06 385.84
10 0.00 0.00 0.00 3027 280.31
Q Q.00 0.00 0.00 0.00 74.04
10 cfs Minimum Flow From the Resarvoir
100 2E05.61 2677 43 270713 278083 1174.13
a0 1235 28 1454 45 1577.15 1882.11 B817.82
B0 87341 111458 1245.15 1636.76 712.95
T0 601.91 B28. 43 S69.63 1358.56 545.90
&0 410.64 588 83 655.24 1097 .56 559.78
50 205,66 34318 413.62 688 B8 562.67
40 8570 163.48 242.82 454,58 510.40
30 27,13 5427 104,19 33587 448,35
20 2.13 25.30 4371 249,99 30878
10 0,00 8.57 23.59 183.68 A06.43
a 0.00 0.00 0.00 3542 74,04
10 cfs Minimum Fiow from Sulphur Springs
100 2583 .69 2662.28 2604 .22 2780.31 1223.08
80 1208.36 1456.23 1574.24 1879.41 816.89
80 BTE 96 1105,.82 1249.04 1846 96 TS5.81
70 600.01 B820.07 asT 47 1363.89 632,77
60 37278 586,34 Ea7.04 108388 570.15
50 1.78 322.81 407 48 661,20 509.97
40 0.00 38.87 208.29 408 87 481,09
a0 0,00 0.00 ar.0a 27548 413,87
20 .00 0.00 46 61 191.70 38171
10 0.00 0,00 2920 147,00 279.58
o 0.00 0.00 0.00 0.00 74,04

Table 5.2. Frequency distributions of dailv average water volume (in 1000m®) for various
salimity ranges in the Lower Hillsborough River with 0 efs minimurm. 10 cfs minimum flow
from the reservoir. and 10 cfs minimum flow from Sulphur Springs (sample size:274 days).
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'Wj < 0.5 <1 <15 <4 4-1
Parcent
Mo Minimum Flow
1040 1135.15 1567 90 1801.29 2480 05 1130.684
=1} 145 18 244 10 153,74 656 54 A4S 10
BO 40,42 107 .22 19045 416 54 THE9.32
¥a Q.00 835 38 35 338.02 530.79
&0 0.00 0.00 4.78 242.50 58424
50 Q.00 000 Q.24 180,80 565.02
40 .00 200 Q.00 TE.40 250.00
30 .00 0,00 0 00 44 72 525.24
20 Q.00 .00 0.00 28.15 491.23
10 0,00 0.00 (.00 .00 383.47
0 0.00 0.00 0.00 0.00 145.28
10 cfs Minimum Flow From the Resarvoir

100 125217 1654 49 1876.03 231825 1124.34
80 162.06 28282 387,36 712.34 850,67
B0 94.78 170.81 24588 485,16 768.24
70 35.01 9614 168.61 389.33 646,16
60 26.66 50.41 101.96 334 48 585,28
S0 15.92 39.30 74.80 306.74 567 48
40 1.68 24.21 42 88 249.17 54863
A0 0.00 11.99 30.59 220.36 484 80
20 Q.00 B.43 23.11 181.88 451.27
10 0.00 1.01 18.14 112.45 425.17
o 0.00 0.00 0.00 3542 287.53

i 10 cfs Minimum Flow from Sulphur E.prl.n!-;

[ 100 1062.33 1564,92 1802.81 2466.64 1130.94
S0 058 234 .38 350.05 G57.93 B2 66
BO 0.00 30,60 208.25 420,99 760,79
7O 0.00 0,00 127.70 J3AT .65 613,36
&0 0.00 000 B4 BE 270,81 548,73
50 0.00 0.00 B4 35 23T .98 502.46
40 0.00 Q.00 46,36 190,22 473,64
a0 0.00 0.00 40.17 169.80 426.51
20 0.00 0.00 28 53 146.12 38233
10 0.00 0.00 0.00 479 375.91
0 0.00 0.00 0.00 0.00 159,55

_—
B

==

Table 5.5, Frequency distnbunions of daily average water volume (in 1000m*) for various
salimitv ranges in the river with 0 ofs mimmum flow ( MF), 10 ofs MF from the reservoir,
and 10 cfs MF from Sulphur Springs (sample size: 123 days of < 10 cfs recorded flow).
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6. SUMMARY AND DETERMINATION OF THE ADOPTED MINIMUM FLOW
6.1 Minimum flow ach for r Hillsborough River

The watershed, channel, and natural systems of the Lower Hillsborough River have experienced
extensive changes and structural alterations. Significant hydrologic functions of the resource, such
as those provided by intertidal esmarine wetlands, have largely been lost due to the extensive
urbanization of the river. The river has been impounded for many years, with the dam creating
a barrier that prevents the upsream movement of fishes past that point in the river channel. There
are, however, imporant ecological communities and namral resource values associared with the
Lower Hillsborough River. Accordingly, the District’s determipation of minimum flows for the
Lower Hilisborough River was based on the loss of historical hydrologic functions, the existng
changes and alieranons along the river and 1ts watershed, and the dependence of viable ecological
communities downstream of the dam on flows from the Hillsborough River and Sulpbur Springs.

A limitation of the District's minimum flows evaluation is there are not abundant data available
for periods of low flow (5 1o 30 cfs) from the dam. As described in Section 6.5, implementation
of a minimum flow and the subsequent ecological monitoring of the river will provide extensive
new data to re-evaluate the minimum flow for the Lower Hillsborough River.

6.2 Ecological characteristics of copcern

Although it is highly modified, the Lower Hillsborough River supports valuable communities of
both freshwater and esmarine organisms. Afier reviewing data for the lower niver, the minimum
flows advisory group facilitated by the Tampa Bay Narional Esmary Program concluded that
salinity and dissolved oxygen are critical water quality vaniables affecting the abundance and
distributions of organisms in the Lower Hillsborough River. Accordingly, rwo of the group’s
recommendations dealt with salinity regimes needed to provide for both freshwater and estuarine
dependent organisms below the dam (page 3.3). A key element of these recommendations was
that a freshwater zone would belp optimize vtilizaton of the lower river by estuarine dependent
fishes and also provide a refoge for freshwater organisms in the dry season. Freshwater was
defined by the group as having salinity values below (.5 ppt.

The District concurs that maintaining a freshwater zone is an important management objectve for
the lower river, but the salinity values needed to maintain biological use of a freshwater zone
should be subject to further evaluation. Freshwater species differ in their salinity tolerances and
many species can tolerate periodic exposures to slightly brackish water. Also, the size and
location of the freshwater zope will be important, and additional informaron is needed on how
different organisms respond to the distribution of fresh and low salinity waters in the lower river.

The advisory group also recommended that in order to optimize fish utilization of the lower river,
goals for dissolved oxygen concentrations should be a minimum of 4.0 mg/l and a daily average
of 5.0 mg/l. As described in this report, there are many locations in the river where flow releases

6.1



are effective at raising DO concentranons above 2.0 or 3.0 mg/l. but not at raising them above
4.0mg/l or 5.0 mg/l. The Distnct suggests that where the 4.0 or 5.0 mg/l thresholds can not be
feasiblely met, important ecological pains may be achieved by raising DO values at lower
concentrations. Fumre smdies of the lower river in support of the minimum flows re-evaluation
will examine how the biota of the mver respond to improvements in DO thar result from
implementanon of a mimmum flow.

The advisory group also recommended the District evaluate other ecological 1ssues related to
freshwater flow management, including impacts 1o manarees and changes in water quality related
to diverting a portion of the Sulphur Springs discharge. [mpacts 10 manatees will be evaluated
as part of the establishment of minimum flows for Sulphur Springs, which is scheduled for 2001.
Changes in water quality that could result from diversions of water from Sulphur Springs will be
examined as part of the minimum flows evaluation for the spring and re-evaluation of the
minimum flows for the Lower Hillsborough River.

6.2 Salinity

The resuits presented in this report and Coastal (1997) indicate the salinity regime of the Lower
Hillsborough River is very responsive to freshwater inflows. Therefore, minimum flow releases
could result in pronounced changes in the salinity regime of the lower river, especially the reach
berween the dam and Sulphur Springs. During periods of no flow from the reservoir spillway,
salimity at the Rowlett Park stanon averages about 5 to 6 ppt with values occasionally reaching as
high as 1] w 12 ppt. Salinity values this high are unsuitable for the freshwater organisms that
become established below the dam in the wet season. On many days during no-flow conditions,
the Rowlett Park site would not even be classified as oligohaline (0} to 5 ppt) using the Venice
Esmanne Classification System.

Relanvely small minimum flows could dramatically reduce salinity values at the Rowlett Park
station. Regressions of flow on saliniry at Rowlett Park presented in this report predict salinity
values of 1.0 10 1.3 ppt at that station with a minimom flow of 10 cfs. Scatter plots of the data,
however, indicate salinity would stll vary at Rowlent Park with a 10 cfs minimum flow, doe
apparently to the effects of tides and antecedent rainfall. As flows from the dam increase, salinity
at the Rowlett Park station becomes less variable and gradually approaches freshwater conditions,
Al flows of about 15 to 30 cfs, it appears waters released from the dam become more effective
ar displacing brackish waters at Rowlert Park that move upstream on incoming tides. Salinity
values of 0.4 to 0.6 ppt are predicted at the Rowlett Park staton at a flow of 25 cfs.

Flows in the range of 10 to 30 cfs are also effective at reducing salinity at stations further
downstream. Coastal (1997) developed regressions for salinity at the WAR/SDI and USGS
stations in the lower river as a function of flow and listed predicted salinity values at these stations
for flows in increments of 10 cfs (Appendix M in Coastal, 1997)., The response of salinity to
flow is strongly curvilinear, with changes in salinity most responsive at low flows. For example,
the average changes in predicted surface salinities at WAR/SDI Stations 3 thought 10 are: 1,25
ppt as flows increase from O wo 10 cfs, 0.92 ppt as flows increase from 10 to 20 cfs, and (.74 ppt
as flows increase from 20 o 30 cfs. As described on page 4.12, these regression analyses
indicate that minimuem fiows in the range of 10 to 20 cfs could substantially reduce salinity in the
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river reach above Sulphur Springs. By decreasing salinity in the brackish reaches of the nver.
minimum flows could result in the downstream expansion of ecologically imporant low and
medium salinity zooes thus making them more available for use by esmarine dependent fishes.

Examination of the relationships of saliniry and flow from the three data sources (WAR/SDI,
HCEPC, USGS) shows thar wide ranges of salinity occur ar different stations in the river during
no-flow conditions. presumably due to variations in rainfall and stormwater runoff below the dam.
These data indicate that flows as smail as 10 to 20 cfs from the dam can markedly reduce the
maximum saliniry values that occur ar these stanons. By reducing the maximum saliniry values
that occur in the nver, minimum flows could help alleviate the upsream movement of low and
medium salinity zones that occur during prolonged dry periods.

The hydrodynamic model developed by the Dismict alse indicates that dramanc changes in the
saliniry regume of the lower river can occur at relanvely low minimum flows (10 o 30 cfs).
Minimum flows are particulariy effective at increasing in the volumes of fresh (< 0.5 ppt) and
near-fresh (< 1.5 ppt) waters below the dam (see discussion on page 5.17). The distribution and
volumes of medium salinity waters (e.g., 4 - 11 ppt) are not as strongly affected (Table 5.1).

The hydrodynamic model allowed the assessment of minimum flow scenarios that involve
divering a portion of water from Sulpbur Springs to the base of the dam. Compared to the
release of river water from the reservoir, diversions from Sulphur Springs were not as effectve
at increasing the volumes of waters less than 1.0 ppt, due to the spring water having a salinity of
1.2 ppt. Differences berween the two minimum flow sources are much less when volumes of
water less than 1.5 or 4.0 ppt are considered (Table 5.2 and 5.3). The beneficial effects of
Sulphur Springs diversions on reductions of saliniry will be limited to above the spring outfall,
since below the spring there will be no net gain of fresh or near-fresh water to the river,
However, there may be some improvements in vertical DO gradients in the river near the spring
outfall as a result of reduced densiry stratification, since spring waters diverted to the base of the
dam should be well mixed with the tidal nver water.

6.3 Dissoived Oxvgep (DOY) Summary

This report and other smudies of the Lower Hillsborough River (Metcalf and Eddy, 1983;
WAR/SSDI, 1995; Coastal, 1997) have found positive relaionships between flows from the dam
and DO concentrations in at least some reaches of the lower river. Data presented in this report
from all three available sources (WAR/SDI, HCEPC, USGS) show that different reaches of the
Lower Hillsborough River can have problems with low DO concentratons during periods of no
discharge from the dam. This is similar to the findings of Metcalf and Eddy (1983), who found
that D0 concentrations in the river were related to freshwater inflows and the absence of flows
from the dam tend to reduce DO levels in the upper reaches of the river (page 1-2, 2-28,). They

further suggested that the effects of sediment oxygen demand on DO concentrations are most
pronounced durnng times of low freshwater inflows when the estuary is insufficiently flushed.

Onwverall, the studies conducted to date indicate that the implementation of minimum flows will
have a beneficial effect on D{0 concentrations in at least some portions of the Lower Hillsborough
River. Although posidve relationships between DO concentrations in the lower river and flow
from the dam are evident, esimating the improvement in DO concentrations that will result from
incremental increases in freshwater inflows is difficult.
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In general. the data analyzed in this report support the findings of Metcalf and Eddy (1983), who
concluded thar continual releases of water-from the dam would improve DO concentrations in the
lower river with the length of the river expenencing improvement dependent on the magnitude
of the freshwater release. Howewver, it is difficult with the exisung dara w determine over what
length of rnver substanpal improvements in DO can be expected. For example, Rowlen Park is
the only staton with extensive data in the first three miles of niver below the dam. More [imited
data ar WAR/SDI Station 3 (mile 1.6) indicate a positive response of DO to flow, but low DD
concentrarions may persist at that starion at flows as hugh as 30 o 40 efs.  Although general
improvements of DO 1o the lower river with increased flows are expected, it 15 difficult w
determine the length of river where significant improvements in DO should occur ar fows

berween 10 and 50 cfs.

An this juncrure, the District suggests the further evajuanon of the effects of minimum flows on
DO concentradons in the lower rver should involve the implementation of a minimum flow and
monitoring of the response. Implementation of a minimum fiow will allow examination of DO
concentrations under a flow regime which has not vet been observed - a low but constant inflow
of fresh or near-fresh water in the dry season. Also, the minimum flow waters will be fully
aerated before discharge to the lower river, which might produce resulis not observed in the
existing data. The sampling regime for the monitoring plan should have high spanal and temporal
resolution in the reaches below the dam. Continuous recorders should be used to the greatest
extent possible so that DO values are collected frequently over diurnal and seasonal cycles.
Finally, test releases should be conducted so that different minimum flows can be evaluated. [t
15 intended that the design and objectives of such a program will be carefully established before
the monitoring plan is implemented so that the effects of the minimum flow can be most
effectively evaluated.

4 terminaton of I w

Based on the factors described above, the Governing Board adopted a minimum flow for the
Lower Hillsborough River of 10 cubic feet per second (cfs) at the base of the Hillshborough River
Reservoir dam as measured at the Rowlen Park Bridge station. This minimum flow should
provide immediate improvements o the ecological characteristics of the Lower Hillsborough
River, pardcularly m the reaches immediately below the dam.

Because the exisong data base for the river during low flows is limited, the District and the City
of Tampa shall commence a study to re-evaluate the minimum flow for the Lower Hillsborough
River once it has been implemented. The work plan and smdy shall commence before October
I, 1999, The stmdy is to be completed by December 31, 2005, unless 2 extension of time is
mutualty agreed o by the Ciry and the District. If the study demonstrates the need for revisions
o the minimum flow, the District shall revise the minimum flow.
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APPENDIX D

Plots of dissolved oxygen at the WAR/SDI stations vs, discharge
from the Hillsborough River Reservoir. (All depths are shown. Units
are mg/1 for dissolved oxygen and cfs for discharge).
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APPENDIX E

Plots of daily average and daily maximum salinity at the USGS
recorders vs. discharge from the Hillsborough River Reservoir.
(Recorders are mid-depth. Units are parts per thousand for salinity
and cfs for discharge).
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APPENDIX F.

Plots of daily average and daily minimum dissolved oxygen
concentrations at the USGS recorders vs. discharge from the
Hilishorough River Reservoir. (Recorders are mid-depth. Units are
mg/] for dissolved oxygen and cfs for discharge).
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APPENDIX G

Plots of surface, mid-depth and bottom salinity at the HCEPC stations
vs. discharge from the Hillsborough River Reservoir. (Units are parts
per thousand for salinity and cfs for discharge).
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APPENDIX H

Plots of surface, mid-depth and bottom dissolved oxygen
concentrations at the HCEPC stations vs. discharge from the
Hillsborough River Reservoir. (Units are mg/] for dissolved oxygen
and cfs for discharge).
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Appendix I

Reductions of USGS mid-depth salinity data at
Rowlett Park Drive to produce event-based salinity data.



Data reductions 1o create data base with event-based 2-day flows for the USGS recorder at
Rowlert Park. Reductions were perfored on those dates with 8-day flows between | and 50 cfs.
Dates highlighted in bold were removed from the data base. Dates not in bold were retained.

Date B-day  Same-day Salimity
Flow Flow

140CT81 2359 0.4 0.2
150CTE1 2359 0.4 0.3
160CTRL 14,14 0.4 0.5
170CTERI £.19 0.4 0.8
180CT#1 1.49 0.4 1.4
190CTEL 1.49 0.4 1.0
20CTERI 1.49 0.4 0.8
D1JANE2 10.90 E1.0 1.0
02JANE2Z 3194 169.0 0.4
OEFEBBZ 49 %% 28.0 0.1
(OFEB82 38.7] 4.7 0.1
IOFEBS2  31.84 20.0 0.1
11FEBg2 19.09 15.0 0.1
12FEBRZ 24 0 6.6 0.1
13FEB82  20.04 9.0 .1
14FEB&2 17.15 16.0 0.1
1SFEB82 18.66 S0 0.1
I6FEBE2 3466 156.0 0.1
O2hiaAYE2  421EB 1.6 0.2
O3MAYE2Z 3483 1.6 0.7
D4MAYSE2  21.15 1.6 1.4
0sMAYE2 2118 1.6 1.6
06MAYS2  21.20 1.6 2.1
O07TMAYSEZ 1040 1.6 i3



DSMIAYSZ
09MAYS2
10MIAY 82
11MAYS2
12MAYS1
13IMAYS2
14MAYSE2
15MAYE2
16MAYS
17TMAYS2
I8MVIAYR2
19MAYS2
20MIAYE2
21IMAYS2
22MAYER2
2IMAYSL
JAMATYRL
25MAYS)
26MAYE2
2TMAYSL
IEMAYS2
29MAYE2
J0MAYEL
JIMAYE2

01JUNS2
02JUNEZ

03JUNE2
D4.TUNE2
05JUNE2
06JUNE2

OTJUNE2
ORJUMNEZ

09JUNS2
10JUNE2

11JUNS2
12JUNS2
13JUUNE2
14JUNE2

1.60
1.60
1.60
1.60
1.60
L.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.59
1.38
1.56
1.55
1.54
1.53
1.51
1.50
1.50

17.56
17.56

34.13
3413
34.13
35.16

40,23
40.23

24.16
2416

7.60
7.60
7.60
6.56

1.6
1.6
1.6
L6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.5
1.5
1.5
1.5

R

1.5

1.5

1.5
1.5

[T

1.5
130.0
1.5

134.0

1.5
1.5

aw

o8

38

i4

31
3.0
34
37
4.2
4.7
4.6
3.7
3.6
3.8
4.0
4.3

3.9
3.3
3.0
23
2.3
2.5
3.0
3.0
0.5

0.2
0.2

0.0

0.1
0.2
0.4

0.2
0.2

0.2
0.4

0.6
0.8
1.0
1.2




15JUNE2
16JUNR2
17TIUTNEZ
18JUNSE2
19JUNEZ
20JUNS2
21JUNE2
12JUNS2

24JUNE2

1.50
1.49
| .46
1.43
1.38
1.30
1.21
1.11

-

1.0
0.7
0.7
0.0
1
0.1
0.1
0.2

0.1




APPENDIX I-1

Plots of dissolved oxygen concentrations at four locations from the
combined data set vs. discharge from the Hillsborough River
Reservoir. (Values from surface, 1 meter and 2 meters depths are
shown. Units are mg/l for dissolved oxygen and cfs for discharge).
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APPENDIX I-2

Results of District breakpoint analysis of dissolved oxygen/discharge
relationships in the Lower Hillsborough River.
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APPENDIX J-1

Summary statistics for water quality parameters at Hillsborough
County Environmental Protection Commuission stations in the lower
Hillsborough River



hfeans | stendard deviabions, medians and number of chsenvmions (n) for wacer guality
parzmeter: 21 HCEPC Stanion 102 { Rowiett Park Drive) for discharge and no-dischargs
conditions No-discharge conditens have gn B-day fow lets than 2 efs

Discharge Mo
Discharge
Mean (| Std Median Std Median | (N)
§-dav discharges | 387 S0l 154 A 2 92
icfs)
pH T3 4 T3 2 12 E]:
Color (pey) 77 |0 ) 17.5 3.5 %2
Chiore-phyll 2 [ 7.2 10.5 44 274 10.1 2
TufTh
BOD (MaT FIL] | 1.3 1.7 i.2 a1
T.5.5 (mg'lh 18 17 2 1602 12 27
Turbsdity (nmy | 5.2 25 3 2316 4 92
Tetal-N (ma®) | 1.10 a6 La7 43 1.26 55
wO5-M (mg) 18 26 13 i3 17 36
P-Total (mg) 35 3 3] 182 x| a2
P-Omho (mg'l) if 43 )| 53 2 s
Tawl! Coliforms | 2557 S0°2 1 W30 1 02 1100 |
(col i 100ml)
Fecal Coliforms | 983 2993 204 152 I o
teal /1 00ml)
Feezal 1632 2752 0] 611 10060 3
Sireptotoct
i) /1 D0mI) |

iy

Ti-1




Means, standard deviatons. medians and number of observations (n) for water guality
parmmeners &1 HCEPC Stven 137 (Columbus Ave ) for discharge and no-dischirge condibons
Mo-discharge conditions have an S-dav flow less than 2 efs.

Discharge No
Discharge

Mean |Std Median Std | Median | (N)
B-day 357 550 lag 5 3 g5
discharge (efs)
pH 1.2 4 7.2 43 {74 40
Coler (peu) 56.5 363 5] 194 14 £i5
Chlorophvll e | 15.1 29 | 4.9 255 i8.1 65
{ug)
BOD (mal) |20 1.7 1.6 16 6 65
T5E (MegT) | 113 10.9 B 13.9 27 &
Turbidity (o) | 4.1 4% 3 24 4 g5
Total-N (mg1y | 1.28 &5 1.21 63 1 &5
WO3-N imal) | .17 12 18 15 s o
P-Towl (mel) | 37 L& 15 ] 32 65
P-Ortha (me/T} | 31 L& - 6 21 38
Total 8990 43838 1300 33E] 700 65
Coliforms
ol M100ml Y
Fecal 1159 | 465 3640 1697 200 B4
Coliforms
feal/100ml)
Fezal 4324 17073 470 2555 200 65
Streptocooc)
{eal /10Cml)

='F

Ji-2




beans | standard devistions , median and number of observazons {n) for water quality
paremeters at HCEPC Swuon 2 (Plen 5t ) For discharge and no-discharge conditions. No-

discharge conditions heve an B-day flow less than 2 ofs.

Discharge No
Discharge
Mean |5td Median Std Median | (N)
Bty kL] 4] 8 [3%.1 4 2 a5
discharge (cfs)
pH 1.5 A T.3 i TE 61
Color (peu) 311 296 18 46 10 B6
Chiomo-phyll a | 14.5 1. 11 8.2 123 8o
(ug)
B.OD (mg) [2.0 [.4 1.8 1.5 z g9
T.5.5 (mgl) 25 131 20 192 47 22
Turbadity (nm) (4% 4.2 4 2. 4 BY
Towl-N (mg/) | 103 38 97 24 & &3
NO3-N (mgh) | .09 o7 07 08 04 33
P-Totwl {mgT) | &1 34 1| 42 43 85
P-Oirtho (mgl) | &5 4 54 48 35 57
Tomal L1950 TE220 T 1038 240 9
| Cobiforms
| (eal.f100m0)
| Fecal 2697 a1611 [§:0 1103 100 B
| Coliforms
(el /1 00ml)
Feal T83 2128 264 TEE 120 55
| Streplococc
| (el S 100ml)




APPENDIX J-2

Plots of water chemistry parameters measured at HCEPC stations
in the lower Hillsborough River vs. discharge from the
Hillsborough River Reservoir
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APPENDIX J -3

Results of correlation analysis of water quality parameters in the
lower Hillsborough River measured by the HCEPC with discharge from
the Hillsborough River Reservoir



Hills R at Rowleti Park Dr

pH

Turbidity

Chiorophyli a

BOD
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log 10wl coliform)

log1 0 (fecal coliform)
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(0, 00 0,941
118 118
<0.05 010
413 0078
2B& 286
0.73 .7
< 001 < 0,001
2Ba 284
=023 4i.39
< 0.0 < 0,001
280 2BD
=025 .44
< 0.001 < (0.001
285 285
010 0. 20
0370 0.072
Bl g1
.12 .19
0.041 0.001
287 1587
.04 .21
0.47E < {001
ITE 278
028 (.14
0,020 0,245
Tl 71
.01 0.07
0,917 0,22%
285 2246
o.az=- 0,02
0,752 0.657
pi L] ZES
.02 =, 104
0.7B& 0,485
B0 250
[~ .26
0.020 0414
12 12
J-3 7/

RELS < =10 CF5
RELE  _ loglO{RELS)
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162 162
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0.13 0.15
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0.09 0.05
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165 169
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0.007 0.002
163 163
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0.637 0.839
46 46
0.07 0.09
0.366 0.237
169 169
-0.06 0.13
0.476 0.100
167 167
4.17 .16
0.028 0.037
165 165
0.29 0.47
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Hills R at Colombuos Ave

Turbidiry

Color

Chlorophyll 2

Mitraie
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log10(toeal coliform)
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ALL ORSERVATIONS
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a3l 0.3
= 0,001 < 0,001
127 127
0.10 0.11
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ALL OBSERYATIONS
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MEMORANDUM
TO: Dave Moore
' Southwest Florida Water Management District
FROM: Richard En:]r.r:n.rr:r::l'ﬁ Heolly Greening Héé\
Director Senior Scientist
DATE: July 10, 1997
CC: Minimum Flow Advisory Group
SUBJECT: Final Minimum Flows Advisory Group Recommendations N

On behalf of the Advisory Group, attached are final recommendations of the Hillsborough River
and Palm River/Tampa Bypast Canal Minimum Flows Advisory Group, for the District’s
consideration in preparing minimum flow rules for these systems. The final recommendations
include revisions to the draft final recommendations suggested by s=veral Group members.

The Tampa Bay National Estuary Program stafT is pleased to have assisted with facilitation of this
very competent Advisory Group, and believe that the final recommendations reflect the Group's
strong technical review and consensus. If you have questions about the recommendations, please
contact us at §93-2765. :
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HILLSBOROUGH RIVER AND PALM RIVER/TBC
MINIMUM FLOW ADVISORY GROUP

July 10, 1997
Summary recommendations to the Southwest Florida Water Management District

Advisory Group Objectives and Issues

The Southwest Florida Water Management District requested the Tampa Bay National Esmary
Program (TBNEP) to convene a technical advisory group to provide recommendations for
ecological criteria for setting minimum flows of the Hillsborough and Palm/TBC sysiems. The
Advisory Group was initially convened in October 1996 and met approximately monthly through
May 1997. The Group's objective as defined at the initial meeting was subsequently clarified as
follows:

Provide technically sound recommendarions o SWFWMD staff for identifying and
evaluanng the water resources and ecological criteria necessary to establish minimum flows
on the Hillsborough River downsiream of the dam and on the Palm River/Tampa Bypass
Canal downstream of Strucmure 160,

The Advisory Group was not asked by the Disrrict w recommend what would constitute
*significantly harmful” withdrawals, as that t=rm is used in Sec. 373.042, Florida Starutes.

The primary issues defined at the initial meeting were:

1. Low-saliniry habitats in each of the river systems
2. Low levels of dissolved oxygen (hypoxia)
3. "Truncated” salinity regime on the Palm River/TBC

A Habitat Subcommirtee and a Dissolved Oxygen Subcommities were formed to address these
issues. The Advisory Group or its Subcommittees met eleven times between October 16, 1996
and May 27, 1997. A summary of findings and recommendations of the Advisory Group follows.
Comments by participants and opposing views (where voiced) are also noted.

Advisory Group Participating Entities
The following entities participated on the Advisory Group and subcommitiess.

West Coast Regional Water Supply Authority
southwest Florida Water Management District
USF Marine Science Department

City of Tampa Water Department

City of Tampa Stormwater Department

City of Tampa Sanitary Sewers

V-/ Z



Tampa BayWaich '
Palm River Managemsnt Commines

EPC of Hillsborough County

U.S. Fish and Wildlife Service .
FDEF Florida Marine Research Insiitule

FDEP Water Sundards

U.S. Geological Survey l
Florida Game and Freshwaler Fish Commission

National Audubon Society Florida Coastal Islands Sancruary

Manatee County Planning Department l
Manatee County Water Depariment

Concerned citizen l
Canoe Escape

NOAA National Marine Fisheries Service

The Planning Commission l
Hillsborough River Greenways Task Force

FDEF Hillsborough River Ecosystem Management

Mote Marine Laboratory I
ASHORE Civic Group

Hilisborough River Interlocal Planning Board

Technical Advisory Committze to Hillsborough River Board l

Summary of Findings

1. In order to offer maximum benefit to the most species of fish, the salinity gradient in a
river should be complete (i.e., freshwater 1o greater than 18 parts per thousand (ppt) of
salinity). Many esmarine fish species have abundance peaks at salinities less than 18 ppt,
often much less.

2. Numbers of fish species and abundances of fishes in the estuarine reaches of the mbutaries
in this region tend to be reduced ar dissolved oxygen levels less than 4.0 milligrams per

liter (mg/).

3. The Hillshorough River below the dam offers limited opportunity for shoreline vegetative
habitat restoration. A visual shoreline survey estimated approximately 4,070 lincar feet
(3.3 acres) of potentially restgrable habitat. The majority of the shoreline is hardened or
has very stesp banks unsuitable for vegetative habitat creation/restoration. .

4. The Palm River/TBC below Structure 160 also offers minimum opportunity for vegetative
habitat under its present condition. Maintaining a complete saliniry gradient and mesting
dissolved oxygen criteria/goals may not be feasible using flow management on the Palm
River/TBC. However, the potential for considerable habitat creation exists on publicly-
owned lands, but would require major physical alterations of the canal and shoreline.
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Several options have been suggesied, and the Hillsborough River Basin Board has agreed
to act as the local sponsor of a sudy by the Corps of Engineers examining the feasibility
of filling the deep area of the river.

The Advisory Group utilized several analytical tools and methods for evaluation of
potential effects of various flows on salinity and dissolved oxygen in the Hillsborough
River. These tools include the regression-based empirical models (developed by Coastal
Environmental), the 2-dimensional, deterministic model (developed by SWFWMD staff),
and examination and analysis of salinity and dissolved oxygen data.

However, the Group found that each analytical tool has its limitations that should be
recognized when evaluating their results relative to the salinity and dissolved oxygen
criteria. Primary limitations of the tools are: 1) very little data on salinity and dissolved
oxygen are available for low-flow conditions (between 1 cfs and 30 cfs) at any point along
the Hillsborough River downstream of the dam; and 2) although statistically significant
regressions were derived for dissolved oxygen and flow at various locations in the river,
these regressions generally had low coefficients of determination (r* values). The use of
these regressions for predictive purposes is not recommended.

Comments from NEP staff and consultars (Coasal Environmemial): Due 1o the

5 deficiency of low-flow data, the NEP staff finds that the empirical model cammot

be used to refiably predict salinity levels in the river nor changes in salinity-based
habitar due 10 dam releases when flows are greater than O cfs and less than 30 cfs.
Stmilarly, the empirical models canmot be used to reliably predict dissolved oxygen
concentrations at fixed stations within the river or to predict the frequency with
which specified dissolved oxygen concentrations will be achieved throughout the
Mver.

NEP staff also feels that the advisory group had insufficient opponunity to fully
evaluate the reliability of the 2-D mode in predicting salinity changes as a function of
dam release and Sulfur Spring discharge. NEP staff cautions the District not to rely
heavily on the model results unti] after its performance has been adequately verified,
especially for low flow conditions at locations between the dam and Sulfur Spring.

NEF stafl recommends that the limitations of these tools and methods should be
made clear to policy makers when presenting results and making recommendations.
Collection of additional salinity and dissolved oxygen data downstream of the dam
al low flow conditions could be valuable for improving the predictive capabilities
of the models.

-1 >



Hillsborough River Recommendations

Define ccological crileria or goals for dissolved oxygen concentrations in the Hillsborough
Rivar as 3 minimum of 4.0 g/l and average of 5.0 mg/l for vptimizing fish wrilization.
If these criteria cannot be feasibly et at all tmes and in all locations, minimize ume and
areas in the river where dissolved oxygen is less than 4.0 mg/l.

Commen:: Several members of the Advisory Group expressed concem ﬂ:l.all
“optimizing fish utilizalion™ misrepresented the inent of the statement, and that
"enhancing” may be 4 more appropriate term. Others did not share the same
COnCEr.

Maintain a salinity gradient from the eswary to the dam ranging from polyhaline (> 18
ppt) 1o fresh { <(.5 ppt), 10 optimize estuarine-dependent fish species utilization.

Maintain a freshwater segment below the dam to provide a refuge for freshwater bioa. I

Commeni: Some members of the Group gquestioned the ecological value of
mainmining freshwater bioa below the dam. Although many members agreed that
maintaining freshwater biota below the dam could be of value to the ecological
integrity of the system, the Group did not reach full consensus on this issue. i

Evaluate other ecological issues and analytical tools retated to freshwater flow
meanagement, including impacts on manatees and changes in water quality related m'
diverting a portion of the Sulfur Springs discharge. 5

Test the reliability of the management tools through a series of controlled releases uf'
freshwater from the reservoir. Commencement of this work should be contingent upon
a det=rmination by SWFWMD and the City of Tampa of the need for a controlled ml:as:l

eXperiment.

Additional information from the Disirici: The District has initiated new data
coliection on the river, including three continuous salinity recorders operated by
the USGS and periodic boat measurements above Sligh Avenue, These data are
being used for additional verification runs of the District’s deterministic model. l

-_—

Palm River/TBC Recommendations l

Minmum flows on the Palm River/TBC should be sel based on existing physical
conditions of the water course, However, the minimum flows should be reevaluated once
feasibility of filling deep areas of the river downstream of Structure 160, or other habitat
creation options, has been esiablished. .

N=t 4 l



APPENDIX N-2

Chronological meeting summary of the Tampa Bay National Esmary
Program Minimum Flows Advisory Group for the Lower
Hillsborough River and the Tampa Bypass Canal.
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Hillshorough River System Minimum Flow Advisory Group
Mesting Summanes
through May, 1997

In October, 1994, The Southwest Florida Warer Management District requested that the Tampa
‘Bay National Estuary Program (TBNEF) convene a techmical advisory group to provide
recommendations for criteria for setting munimum flows of the Hillshorough and Palm/Tampa
Bypass Canal systems  The following is a chronological summary of meetngs held by the
Advisory Group to develop recommendations 1o the District.

October 16, 1997
The first meeting was held on October 16, 1996, at which the Advisory Group adopted the

following objective:

Provide technically sound recommendations for determining ecological criteria necessary
to set minimum flows to protect and restore rivenine/estuarine habitats downstream of the
Hillsborough River dam and Structure 160 on the Palm River/Tampa Bypass Canal.

Following a background presemation of ecological information available from recently completed
studies on the two systems, the Advisory Group defined the following primary issues:

1. Low salinity habitats in each of the nver systems

2. Low levels of dissolved oxygen (hypoxa)
3. “Truncated” salinity regime on the Palm River/TBC

December 13, 1996
The second meeting of the Minimum Flow Advisory Group was held on December 13, 1956.

The objective of the second meeting was to define the process to be used for cach of the issues
defined above. TBINEP staff facilitated discussion and agreement by the Advisory Group of
the following steps for defining ecological criteria for low-saliniry habitat and for dissolved
oxygen as follows.

Law-salinity Habitat

1. Assess opportunities for restopng/creating low-sajinity habirat (<20 ppt) in the
Hillsborough/Palm systems and throughout Hillshorough Bay, Identify the most
feasible opporunities. Compare oppormunities in the two river systems with overall
TBNEP Hillsborough Bay restoration/creation target (68 acres of low-salinity habitat).
Consider linear feet of habitat restored in addition to areal exient. Habitat
restoration/creation opportunities may include the following:

N2 7



Information sources: WAR data

4, If existing discharge does not meet criteria, define opions for reaching D.O.
requirements. Include flow management from existing structures, other potential
sources of freshwater inflow, and other management options for increasing D.0O.
concentrations. Include combinations of options for reaching criteria.

Responsible parties: NEF and Advisory Group
When: Initiate in March
Informanion sources: existing knowledge and information

A D.O. Subcomminee was formed w0 assist with the process and review results,

D.0. Subcommuttes of the
Minimum Flows Advisory Group

Tom Cardinale HCEPC

Sid Flannery SWFWMD
Marjorie Guillory Ciry of Tampa
Emst Pesbles USF

Yvonne Stoker USGS

Mike Coates WCRWSA

Bob Musser Tampa Baywatch
Charles Kovach FDEP

Gerold Mormison SWFWMD-SWIM

Tom Cardinale of EPCHC presented recommendations of the Palm River Commintee for
consideration by this Advisory Group. The Paim River Commimee, which has been meeting
for almost 10 years. recommends that an option for strong consideration is to fill in the desper
dredged areas immediately downstream of Soucure 160, for both annicipated water quality and
habital improvements.

February 3, 1997 Subcommittes meeting summary

Both Subcommittees reviewed data and GIS maps compiled and presented by Coastal
Environmental for TBNEP, which consisted of the following:

EPC long-term Water (Quality Monitoring

. 3 Sutions in Hillsborough River
Monthly 1974- Present
Physical and chemical parameters

A2 ¥



Jim Beever FGFWFC

Sid Flannery SWFWMD

Bob Musser Tampa Baywaich
Dave Bracciano WCRWSA
Roger Johansson City of Tampa
Brandt Henningsen SWFWMD-5WIM
Bob MchMichael FMRI

Tim McDonald FMRI

Manny Lopez SWFWMD
Steve Grabe EPCHC
Dissolved oxygen

TBNEP suaff presented a summary of existing data addressing fish species found in low-
salinity habitats and dissolved oxygen preferences (ses amached sheet). After discussion of fish
species and D.0. requirements or preferences with fisheries scientists on the Advisory Group,
the Group adopted the following:

Provisionally define ecological criteria for dissolved oxygen concentrarions as a
minimum of 4.0 mg/l and average of 5.0 mg/l, for optimizing fish utilization.

The Advisory Group further agreed to the following process for defining minmmum flows
associated with reaching adopted dissolved oxygen critenia:

1.

Lo

Review D.0O./flow relationships. Consider location in the river systems (horizontal and
vertical), other factors conmributing to D.0. concentrations and the relative importance
of flows o D.0. concentrations. Quantify D.0./flow relationships for various releass
oplions.

Responsibie parties: NEP and Advisory Group
When: Mid-February
Information sources: WAR data

Determine when, where and under whart conditions existing panerns and volumes of
discharge meet D.0. criternia.

Responsible parties: NEPF and Advisory Group
When: Mid-February
Information sources: WAR data

Consider adverse effects of increased freshwater release, incloding water qualiry
IMpacis.

Responsible parties: NEP and Advisory Group
When. Following results from Steps 1 and 2
i
-z 3



Spec:fm.l]jr
- Develop an empirical, regression based approach to relate the location of
salinity ranges in the rivers to flow, for flows throughout the period of record
- Using existing land use/habitat maps, photos and a shoreline survey, estimate
the amount of existing habitat and potentially restorable habitat exposed 1o I
specific salinity ranges and locations of those salinities in the rivers under
various flows.

Thess tools will allow managers 10 estimate the amount of existing and restorable
habitar which would be exposed to a specific salinity under various flow conditions.

The Subcommites recommended that the analyvical tools be capable of providing
estimates for the following paramerers:

surface area

botom area

a measure of linear habitat

acreage

volume

shoreline type

Several potential confounding factors were identified, including the following:
sediment Type
vertical srratfication and anoxic conditions
navigation restrictions
stormwater functions

udal flucruations

Stv:ral Euhmnu'nm:: m:mb-:rs rm:mnmniud that the d:ﬁmuun u!t' Inw mlm:ry as 20 ppt be
revisited, specifically for fishes. The Subcommitee agreed to examine a set of

“representative” species 10 assist with defining ecologically imporiant salinity ranges in thesc
rivers. FMRI fisheries researchers will be working with TENEP swaff to assist with this
element of the process, for review by the Habitar Subcommittee.

After development of the analytical tools in the first step, specific salinities associated with
identified resources of concern can be “plugged In” to estimate amount of existing and
restorable habitat associated with these salinities under various flow rates.

Dissolved Oxygen Subcommittee
After reviewing existng data, the Subcommittes discussed analytical technigques which the dara
would support to relare dissolved oxygen to flow, and recommend the following:

&
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. 3 Stations in Palm River/TBC (one of those above Strucmre 160)

Monthly 1974-Present
Physical and chemical parameters

Water and Air Research Special Study

. 10 stanons in Hillsborough River
Monthly October 1992- September 1994
Physical and chemical parameters

. 5 stations in Palm River/TBC (one of those above Stucrure 160)

COmne station sampled October 1992-5eptember 1994
Four stations sampled October 1992-September 1993
Physical and chemical parameters

EPC Benthic Studies
. 2 Stations in Hillsborough River (Plan Street and Columbus Drive)
Diel dissolved oxygen and other Hydrolab parameters
September 1995 and October 1996

. 1 Station in Palm River/TBC
Diel dissolved oxygen and other Hydrolab parameters
September 1995 and October 1996

GIS Map elements
. SWFWMD 1990 land use/land cover maps
. Public lands from Planning Commission

USGS water quality data

USGS is currently compiling existing data for delivery to TBNEP for inclusion in the analyses.
These data will include commuous D.0., iemperaure and conductivity collected ar several
locations in the Hillsborough River during the early 1980s, and conductivity and tempetrature
collecred at two downsiream locations for two years in the early 1990s. Addirional continpops
data (conductivity and temperature) ar= currently being collected at one site on the
Hillsborough River.

Habitat Subcommittee recommendafions

Following review of available data, the Habitat Subcomminee discussed potential analytical
and technical methods which would assist with assessing opporunities for restoring/creatng
low salinity habitat in each of the river systsms. The Habitat Subcommines recommends the
following specific steps. and agree that available data can support these sieps:

-2 5



have abundance peaks at salinities less than 20 ppt (often much less).

6.) In the case of truncated saliniry gradient. some species that generally occupy lower salinity
areas during their early life history will follow the gradient until they encounter the obstacle

that 15 uncating the gradient.
7). In otder to offer maximum benefit to the most species of fish, the salinity gradient needs
to be complete (i.e., freshwater o polyhaline).

A summary of potental habital restoration or creation areas along the shoreline as estimated by
a visual survey from a boat indicated the following:

L] Along the Hillsborough River, the shoreline survey estimated approximately 4,070
linear feet (3.3 acres) of potentially restorable vegetation habitat The majority of the
shoreline is hardensd or has very sieep banks unsuitable for vegetative habitat
creationrestoration. '

. Along the Palm River/TBC, the shoreline survey identified small areas of existing
Junrus marsh (less than one acre) on the north side of the river behind an existing
berm. The potential for considerable habitat creation exists on publicly-owned lands,

bur will require major physical alternations. l
A summary of potential habitar creation sites identified during this shoreline survey is
amached, l

The Subcomminees also reviewed preliminary analyses from existing salinity and D.O. data
sets collected in the Hillsborough River, and received updates of progress on the development
of analytical tools 1o relate salinity, river mile, D.O. and flow from Tony Janicki (Coastal

Environmental, Inc.) and Sid Flannery (SWFWMD).

March 4. 1997
The full Advisory Commines met to revise summaries of the Results, Findings and
Recommendations for submittal 1o SWFWMD staff as follows: l
WORKING GROUP RESULTS AND FINDINGS
Hillsborough River l

® A visual shoreline survey estimated approximately 4,070 linear faet (3.3 acres) of
potentially restorable vegetanion habitat. The majority of the shoreline is hardened or has
very steep banks unsuitable for vegetative habitat creation/restoration.

- In order to offer maxamum benefit 1o the most species of fish, the salinity gradient in a .
river needs to be complete {i.e., freshwater 1o polyhaline). Many estanne species have

; I
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. Develop an empirical regression-based approach to relate river flow (as measured at or
near the structure) with midday dissoived oxygen measurements within the river.
Note: much of the available dissolved oxygen data, inclhuding the long-term
monthly measurements collecied by EPC, are collected between mid-moming

and mid-afternoon.

. Develop an empirical regression-based approach to relate midday DO, with minimum
[.0. for those dawa sets which have both measuretnents. The Subcomminese
recognized some risk in applying the regression to time frames outside of the penod in
which the data were acually collected.

. Using the regression developed in the first step, relate minimum D.O. o flow.

. Determine when, where and under what conditions existng patterns and volumes of
discharge mest the minimum target of 4.0 mg/l.

Both Subcommitiees recognized that recommendations for the Palm River/TBC regarding both
low-salinity habitat and dissolved oxygen may be very different than those for the
Hillsborough River.

February 20, 1997
The Habitar and D.0. Subcommirnees met jointly to bear and discuss a presentation from

FDEP/FMRI concerning available fish habitat and D.O. preference data. Ed Matheson from
FMRI presented information collected during extensive fishenes studies on the Licle Manates
River {anached table) which indicated salinity preferences for almost 50 species. He
summarized his major points as follows:

1}, Most of the fish occurring in the estuarine portion of Tampa Bay's tribuzaries are
euryhaline; over their life cycle they may normaliy travel from full-strength seawater habitats
to very low saliniry (perhaps even freshwater) habitars.

2} Although the salinity tolerances of these species are broad, they may “prefer” or be atiracted
to different salimey zonss at different umes dunng their life cvele (1.e., peak abundance may
occur at different salinities for differens life-history stages).

3.) Salinity “preference” is spl::ir_:ﬁ;_n_:_l:iﬁ:.

4.) Fish species richness may be highest ar salinities greater than 20 ppt, but fish productiviry
may be highest at much lower salinities (generally lower meschaline to freshwater).

5). In a Tampa Bay tributary with no water control smuctures, the Little Manatee River, many
esmuarine species (including both numerically dominant and economically valuable species)



WORKING GROUP RECOMMENDATIONS l
Palm River/ TBC

The Palm River/TBC has the potential to provide considerable low-salinity and estuanne habiat
to the Hillshorough Bay system. Several options have been suggesied, and a process to examine
the feasibility of filling deep areas of the river has been initiated l

Minimum flows on the Palm River/TBC should be set based on existing physical
conditions of the water course by October 1, 1997. However, the minimum flows will
be reevaluated as pan of the feasibiliry of filling deep areas of the river downwatershed
of Smocturs 160, or other habital creation options.

Evaluate optimiring existing conditions to address habitat and D.O. criteria/goals. '

Ongoing Activities I

Compilete the characterizarion of existing salinity and dissolved oxygen conditions n "
the Hillsborough River and Palm River/TBC.

Continue development of an empirically-based management tool o predict salinity and
dissolved oxygen dismributions in the Hillsborough River and Paim River/TBC as 2
function of flow using recently observed water quality and flow data. l

Test the reliability of the management wools through a series of controlled releases of
freshwater from the Hillsborough River and Palm River/TBC structures. This work
will be contingent upon a determination by SWFWMD and the City of Tampa of the
need for the controlled releass experiment following analyses of pnor tasks.

Develop a method to estimate environmental bepefits of maintaining/restoring various l
salimity and dissolved oxygen distributions in the Hillsborough River and Palm
River/TBC. I

If existing discharges does not meet criteria, define options for reaching D.O. and
salinity gradient geals. Include flow management from existing structures, other
potential sources of freshwater flow, and other management options. Inciude
combinations of options for reaching goals.

10
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abundance peaks a1 salimmes |ess than 20 ppt, often much less.

Development of anatyucal tools and methods to relate flow to dissoived oxygen and
salinity in the river is ongoing.

WORKING GROUP RECOMMENDATIONS
Hillsborough River

Prowvisionally define ecological criteria for dissolved oxygen concentrations as a munirmum
of 4.0 mg/l and average of 5 0 mg/l, for optimizing fish unlization. [f a munimum D.O.
concentration of 4.0 cannot be maintain at all times in all locauons, minimize the length of
time with 0. less than 4.0 mg/]

Maintain 2 salinity gradient from river mouth to the dam ranging from polyhaline (>20
ppt) to fresh {0 ppt), to optimize eswarine-dependent fish species utilizanion  Maintain
some poruon of the mver at salinmes less than 10 ppt

Mainzain a freshwater segment in the upper portion of the river,

Further recommendations:

- Continue development of analyncal tools to esumate flow management opuons to
meet dissolved oxygen and salinity criteria as defined for the Hillsborough River.

- Refine DO and salinity gradient critenia (i.e., seasonal or daily fluctuations, depth
of measurement. length or volume of optmal salintty ranges, etc. ).

- Consider other factors including adequate freshwater flows for manatess,

WORKING GROUP RESULTS AND FINDINGS
Paim River/TBC

Salimity and DO criteria may not be met using flow management under current conditions.

A visual shoreline survey identified small areas of exasting Juncus marsh (less than one
acre) on the north side of the nver behind an exasting berm. The potential for considerable
habitar ereation exasts on publicly-owned lands, but will require major physical
alternations

Several options for physical alteration, including “shallowing™ of the dredged areas of the
niver and creation of small tnbutanes along the shoreline, are being considered.



2-7
2-8
2-9
2-10

2-11

2-13
2-14

2-15

2-18
2-19

2-20

Estimared isohaline locations {surface) for 10 cfs flow from the dam.
Estimated isohaline locations (surface) for 20 cfs flow from the dam.
Estimated isohaline locations (surface) for 50 cfs flow from the dam.
Estimated isohaline locations (1 m depth) for 0 efs flow from the dam.

Salinity by flow from the dam at Station 2 (Rowlett Park Drive). Data

source: USGS

Estimated shoreline (in miles) exposed to various salinity ranges (at the
surface) for flows up to 200 cfs from the dam.

Estimated river surface area (in acres) exposed to various saliniry ranges
{al the surface} for flows up to 200 cfs from the dam.

Estimated total river miles exposed to various saliniry ranges (at the
surface) for flows up to 200 cfs from the dam.

Estimated existing vegemated shoreline habitt (linear feet) exposed w
various salinity ranges (at the surface) for flows up w 200 cfs from the

darm.

Table: Changes in habitat (shoreline length, surface area and volume)
associated with increased flows from the dam.

Mid-Day Dissolved Oxygen and flow regression; percent of observations '

with D.0. less than 1 mgfl. 3-day average flow from the dam.

Combined observations from Om., lm, 2m, 3m, and bottom depths. I

Mid-day D.O. and flow regression; percent of observanons with D.O.
less than 2 mg/l. 3-day average flow from the dam. Combined
observatons from Om, 1m. 2m, 3 m and bottom depths.

Mid-day D.O. and flow regression; percent of observations with D.0O. '

less than 3 mg/l. 3-day average flow from the dam. Combined
observatons from Om, 1m, 2m, 3m and bottom depths.

Mid-day D.O. and flow regression; percent of observations with D.O.
less than 4 mg/l. 3-day average flow from the dam. Combined
observations from Om, lm, 2m, 3m, and bottomn depths.

12
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April 24, 1997
April 30, 1997
May 6, 1997

The next three meetings of the Advisory Group were devoted mainly to examining the resuls
of the staristical model for the Hillshorough and Palm River/TBC developed by Coastal
Environmemtal, Fisheries researchers from FMREI also presenied more detailed data analyses
of salinity range associations with various species of fish found in Tampa Bay mbutaries. and
results of a deterministic model (with graphics representing salinity in Hillsborough River
under various flow release scenanos) developed by the District were shown, The following
artachments received from Coastal Environmental and FDEP FMRI are provided as a
summary of the presentations received by the Advisory Group (results of the deterministic
model presented by the District are not yvet available).

Attachment 1, Map of sampling stations (from Water and Air Research, 1995)

Attachment 2: Hillsborough River results (statistical model developed by Coastal
Environmental for TBNEP)

2-1 Cumularive frequency (%) of measured Hillsborough River flow {cfs)
from the dam recorded during the WAR sampling period (1991-1993)
and during 1985-1993, for flows up to 1000 cfs

2-2 Cumulauve frequancy (%) of Hillsborough River flow (cfs) from the
dam recorded during the WAR sampling period and during 1985-1993,
for flows up 1w 200 cfs,

2-3 Percentile breakdown of release from dam (cfs) and inflow to the
Hillsborough Reservoir from upstream (cfs). Information provided by
SWFWMD (Sid Flannery).

24 Summary of r* for regressions of salinity and flow, by station and depth.
Regressions used recorded data (fiow) from Sulfur Springs and the dam.

2-5 Map of Hillsborough River showing river mile and WAR station
locauons

26 Estimated isoliiline locations (surface) for 0 cfs flow from the dam.

(NOTE: A flow of 31 cfs {the average flow recorded from the Springs
for the WAR smudy period) is assumed from Sulfur Springs for those
areas below the Springs discharge. However, flow on this and the
following graphics indicaies flow from the dam only.)

11
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samples.

4-7 Mean and standard deviation of density-weighted salinities for 13 species

4-6 Density-weighted mean salinities for species collected in ten or more '
of esmanne-dependent fishes collected in this smudy. .

Cenrropomis undecimalis snook
Diapterus plumerii striped mojarma
Pogomias cromis black drum
Elops saurus ladyTish

Mugii cephalus black mullet l
Archosargus probatocephalus sheepshead

Lagodon rhomboides pinfish '
Eucinostomus Aarenguius tidewater mojarma

Cvagscion nebulosus spotied seatrout

Sciaenops ocellarus red drum I
Eucinostomus gula silver jenny

Cynoscion arengriis sand searrouy '

An overall summary of fisheries imformation provided by FMRI noted that, at all imes of the
vear, some estuarine species are found in the freshwater and oligohaline sections of these

Tampa Bay rivers.

- ralvesmpuran_{low am
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Mid-day D.O. and flow regression; percent of observations with D.O.
less than 5 mg/l. 3-day average flow from the dam. Combined
observations from Om, lm, 2m, 3m. and bortom depths.

Attachment 3 Palm River/Tampa Bypass Canal (statistical model developed by Coastal
Envirenmental for TBNEPF)

34

3-5

3-6

Cumulaove frequency (%) of measured Palm RiverTampa Bypass Canal
flow (cfs) from Strucmure 160 recorded during the WAR sampling period
{199]-1993) and during 1985-1993, for flows up o 1000 cfs

Cumulative frequency (%) of measured Palm River/Tampa Bypass Canal

flow (cfs) from Structure 160 recorded durmg the WAR sampling period
and during 1985-1993, for flows up o 200 cfs.

Summary of r for regressions of salinity and flow, by station and depth.
All regressions used recorded dara (flow) from Stucture 160,

Cumulative shoreline (miles) by river mile (0 miles is at Srucmure 160).
Cumulative surface area (acres) by river mile.

Table: Changes in habitar (shoreline length and surface area) associated
with increased flow from Strucnure 160.

Attachment 4. Summary of fisheries data provided by FDEP Marine Research Institute

(Tim McDonald).

4-1

4-2

4-3

4-5

Map of sampling sit= locations on the Alafia, Little Manatee and
Manatee Rivers, 1994-1996, including boat seine samples and otter trawl
samples.

Dismibution of surface and botuom salinities on the Alafia, Little
Manatee and Manatee Rivers during sample collections.

Distribution of_syrface and bottom dissolved oxygen measurements on
the Alafia, Little Manatee and Manatee Rivers during sample collections.

Salinity classification system used for the FDEP FMEI smudy.

Number of samples collected by salinity classification and gear for each
TIVEr SVSIEm.

13
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Cumulative Frequency (%)

Cumulative Frequency (%)

Hillsborough River

My 21, u-'

Flows on WAR Study Sampling Days |
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LOWER HILSBOROUGH RIVER FLOW FREQUENCIES
SIX YEARS (1388 - 1584)

paercentcile release inflow

min 0.1 as
10 G.1l 5B
20 0.1 BS
an 0.2 Bl
40 0.6 598
50 1 116
60 22 145
70 J2 151
B0 151 291
g0 159 515
100 3830 3lls
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Cumulative Frequency (%) Cumulative Frequency (%)

My 21, 1997

Palm River / Tampa Bypass Canal
Flows on WAR Study Sampling Days
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Palm River / Tampa Bypass Canal
Flows During 1985 to 1993
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Cumulative Frequency (%)

Cumulative Frequency (%)

My 29, ]1

Palm River / Tampa Bypass Canal
Flows on WAR Study Sampling Days
100 ’ ,

|
80 '

|
20 ; '

% 50 100 150
Flow (cfs)

..J-.~xj&:.i..

N
- am o e

Palm River / Tampa Bypass Canal
Flows During 1985 to 1993

100 _

80 | fﬁfoféf’”ﬂ

0| ———-

w0l -

20;ff? |
|

0 50 100 150
Flow (cfs)

|

3-2
MN-2 3g&

- e Lhi-_-_—_-h.ﬂ



=g

69°0 = A lIB19AQ

10 | - |vrolerolezo| oo Lo st | o
00 1z [ w10 | 1€0 | 650 | 090 | 2o | b0 | »1 | ©
210 | - | 900 80| 150 | £90 | o0 | 190 [ €T 3
210 | - | 210 sco|6ro| 90| 650 | 9¥0 | Tl
wonog | 9 S 1% t (4 I 0 :Eﬁmm

(wr) yrdag
T :

N ssvd ﬂ ﬁﬁ“ﬁﬁﬂmﬁ#
ypda(y pue uoneis £q 1



May 21 1997

o

;O M~ © W <+ O N7 o
(sepw) euleloys aNe|nuwng

3-4

A-2 O



May 21 1897

2
River Mile

300

(seoe) ealy 80BUNS SAREINWND

3-5
-z Y



Palm River / Tampa Bypass Canal
Changes in Habitat Associated With Increased Flow
May 21, 1957 '
Basclme Change from Baseline for 10 ofs Flow Relosses
Salinaty Ranpe Condition
Habitst Type (0 Releass) 10 0 30 40 50 100 00

0= ppt(Freshwaler)

Shoreline Length (i) o ] o
(O] (%) (0%} (0n) (0% (%) (O]

Surface Ares ()
{0} (0%%) () (0% (0% (04 (%)

=10 ppt

Shoreline Length (ft) 0 0
(0%) (0%) (0%) (0%) (0%) (D) (0%%)
Surface Ares (ag) 0 o o

(0] () {0%) (%) (O%) (%) (0%%)

10-20 ppt

Snorelipe Length (%) ] 0 0 0 0 0 9919 | 43508

Surface Ares {az) 1] 0 i I
= 20 ppe l
Shereline Lengtn (ft) 43,508 1] 1] ] (1} 0 5909 ~43_508

(%) (%) (0%} (0%) %) | (-22%) | (-100%) I

Surfsce Area (1<) 113 0 0 o o 0 -52 -133
(0%4) (0%4) (0%} (0%) (%) | (-23%) | (-100%)
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Surface Dissolved Oxygen
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Salinity Classifications

Salinity . .
Range (ppt) Classification

0.0 - 0.5 Freshwater

0.5 - 50 Oligohaline

50 - 11.0 Lower Mesohaline

11.0 - 18.0 Upper Mesohaline
>=18.0 Polyhaline
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Density-Weighted Mean Salinities for species collected in ten or more samples. Species are sor-

in order from lowast mean salinity to highest mean salinity. I
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Density-Weighted Salinities
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APPENDIX N-4

Results of analyses of fish caich data conducted by the Florida
Department of Environmental Protection Florida Marine Research
Institute.



Alana, Litliie Manatee and Manatee Rivers, 1994-1996
21-m boat seines and 6.1-m otter trawls only
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Percent Similiarity among the three river systems. AR=Alafia Hiverl
LMR=Little Manatee River, MR=Manatee River

AR LMR MR
AR :
LMR 83.45

MR 82.60 71.65
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Salinity Classifications

Salinity

Classification
Range (ppt)

0.0 - 0.5 Freshwater

0.5 - 5.0 Oligohaline

50 - 11.0 Lower Mesohaline

11.0 - 18.0 Upper Mesohaline
>=18.0 Polyhaline
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Density-Weighted Mean Salinities for species collected in ten or more samples. Species are s

in order from lowest mean salinity to highest mean salinity. l
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Density-Weighted Salinities
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Salinity (ppt)
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Lagodon rhomboides .
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Salinity (ppt)
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