
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I] 
I 
I 
I 

An Analysis of Hydrologic and Ecological 
Factors Related t o  the Establishment of 

Minimum Flows for the Hillsborough River c 

Southwest Florida - -- Water Mnn.ngement D.istrr+ 

Peer Review FINAL DRAFT 
June 15, I999 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE OF CONTENTS 

1. 

2. 

3 .  

Minimum Flows Approach for the Lower Hillsborough River 

Physical and Hydrologic Characteristics of the Hillsborough River System 

Recommendations of the Minimum Flows Advisory Group and Submittal of 
Associated Reports 

Ecological Assessment of the Lower Hillsborough River 

Hydrodynamic Salinity Modeling of Lower Hillsborough River 

4. 

5. 

6. SummayandDetmmmb ' 'on of the Adopted Minimum Flow 

Literature Cited 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1. 

I .  I Background regardin: develoument of a minimum flow for Lower Hillsborouch River 

Due to environmental stress to rhe water resources in the Nonhern Tampa Bay area. Section 
373.042 Florida Statutes (F.S.), as amended by the Florida Legislamre in 1996, directed the 
District to establish minimum flows and levels for priority water bodies in the region before 
October 1,  1997. The Northern Tampa Bay area is comprised of the counties of Pinellas. Pasco 
and the northern pomon of Hillsborough. These counties are locared in southwest Florida and 
surround the northern half of Tampa Bay. 

Section 373.042, F.S. defines the minimum flow for a surface watercourse as "the limit 01 which 
further withdrawals would be signt#cmtly ham@ 10 warer resources or ecology of the area". 
Section 373.042, F.S. defines the minimum level of an aquifer or surface water body to be "the 
Iwel of growdwater in an aquifer and the level of suqace water a3 which further nithdrawalr 
would be significantly hamful to the w e r  resources of the area". The 1996 amendments to the 
sratute required the Dismct to adopt minimum flows and levels in Hillsborough, Pasco, and 
h e l l a s  County for priority waters that are experiencing or may be expected to experience adverse 
impacts. In response to this legAative direction, the District established minimum levels and 
flows, one of those minimum flows being for the Lower Hillsborough hver.  

Section373.042, F.S. requirestheDistricttousethebestdataavailabletosetminimum~owsand 
levels. The legislative requirement to set the levels by October 1, 1W was absolute, that is, there 
was a limited time to collect additional information. Because of the time deadline, and the 
associated requirement to use the best information available, the District was constrained to use 
existing data despite any associated limitations of that data. 

The process to 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 at which significant harm occurs. For the Lower Hillsborough River, 
the Tampa Bay National Es~mry Program facilitated a technical advisory group which represented 
the various interests concerned with the Lower Hillsborough River. The purpose of this advisory 
group was to make recommendations to District staff for identifying and evahnting water 
resources and ecological criterianecessary to establish minimum flows for the Lower Hillsborough 
River. 

Following this process the District stafffiaahed methodologies and the minimum levelsand flows 
for approval by the Governing Board. However, effective July 1, 1997, paragraph 373.04210). 
F.S. was added. Therefore, at the Board's direction. staff reviewed the previous work, additional 
data as appropriate, continued meetings and workshops with affected parties and held public 
workshops with the Governing Board to ensure that the changes to the statute had been taken into 
account. On February 23, 1999, the Governing Board approved the subject minimum flow for 
the Hillsborough River. 

MIMibIUM FLOWS APPROACH FOR THE LOWER HILLSBOROUGH RIVER 

1.1 



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 fiver. The purpose of this repon is to document 
for Scientific Peer Review the scientific and techcal data and merhodolo_nies used to determine 
the minimum flow for the Lower Hillsborough k v e r .  

1.2 Boundaries a d  uhvsical characteristics of the hvdrologic %'stem for rhe detemimtion Of 
mjnimum flows 

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 h v e r  is defined as the river downstream of Retcher Avenue as this 
corresponds to the approximate upstream extent of the City of Tampa's water supply reservoir 
(Figure 2.1, page 2.2). Withdrawals from and operation of this reservoir affect flows to the tidal, 
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 Hillsborough River concenuated on the effects 
of various rates of flow on the tidal reach of the river. 

The determination of minimum flows for both the Lower Hillsborough River accounted for the 
fact that this s y e m  has experienced extensive changes and srmctural alterations. The 
Hillsborough River near the City of Tampa has been impounded in one form or another since 
before the turn of the century. The present impoundment was built in the 1340's at the site of a 
previous hydroelectric dam. The Hillsborough River below the dam is a highly modified system 
which has experienced considerable shoreline hardening, filling of wetlands, sediment deposition, 
and impacts to water quahty kom stormwater runoff. The alterations to the Lower Hillsborough 
River have been so extedve  that hydrologic functions associated with floodplain and estuarine 
wetlands have essentially been lost. 

1.3. Minimurnflo ws techolcal m r o a c ~  

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 downstream ecosystems. The existing flow regime of the Lower Hillsborough 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 &scharge at the reservoir spillway. The 
evaluation of potential hydrologic and ecological benefits below the dam emphasized the 
relationships of flows with salinity distributions, dissolved oxygen concentrations, and the 
distribution of biological habitats. 

The Dimict requested that the Tampa Bay National Estuary Program facilitate a minimum flow 
advisory group to provide technically sound recommendations to District staff for evaluating water 
resource and ecological criteria necessary to establish minimum flows on the Lower Hillsborough 
River and Tampa Bypass Canal. The District held several meetings with this group and received 
their technical inpt 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 
simultaneously with minimum flows for the Tampa Bypass Canal. Ecological findings for h e  
Lower Hillsborough River are presented in h s  repon. A separate minimum flows repon W a s  
prepared for the Tampa Bypass Canal. However, because the Hillsborough Rwer and the Tampa 
Bypass Canal are connected systems, some information comerring the Tampa Bypass Canal is 
presented in this report as i t  pertains to the connected hydrology of these two systems. 

1.4. Orgarmanon of the do cumen t 

This general introduction is followed by five chapters that describe the technical lnformation that 
was used by the District IO 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 Estuary Program . Chapter Four describes the sources of ecological 
information the D i h c t  evaluated to establish the minimum flow. Chapter Five presents the results 
of a hydrodynamic model that was used to simulate the effects of various minimum flows on the 
salin~ty r e g h e  of the Lower Hiusborough River. The adopted minimum flow is presented in 
Chapter Six and the Literature Cited is listed at the end of the report. 

. .  
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2 .  PHYSICAL AND HYDROLOGIC CHARACTERISTICS OF THE HILLSBOROUGH 
RIVER SYSTEM 

2.1 Phvsical Characteristics 

The following describes the physical and hydrologic characteristics of the Hillsborough Rwer 
System . A map of the Hillsborough River warershed is shown in Figure 7.1. A location map for 
the Hillsborough River Reservoir and Tampa Bypass Canal is shown in Figure 2.2. While the 
subject of this minimum flows determination is the Lower Hillsborough River, some comiderarion 
of the entire system is necessary to appreciate the factors affecting flows to the Lower Hillsborough 
River. 

2.1, I Hillsboroueh River. The Hillsborough h v e r  begins in the Green Swamp area of southeastern 
Pasco and northwestern Polk Counties. The river 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 Rwer are partially derived from spring dmharges. Crystal Spnngs, 
located near the city of Zephyrhills, &charges an average of 58 cubic feet per second (cfs) in the 
upper watershed, while Sulphur Springs in the Tampa area dxharges an average of 40 cfs. 

2.1.2 Hillsboroueh hver  Reservoir. The Wsborough River was first dammed in 1898. This 
dam was destroyed in 1899 and rebuilt the following year. A hydroelecuic dam was built in 1924 
and the resultant reservoir served as a water supply for the City of Tampa Water Deparrmcnt. This 
dam was destroyed in 1933 by a hurricane. The present shucture was built in the same location and 
completed in 1945. The Hillsborough River Dam is located about 10 miles above the mouth of the 
river and impounds a drainage area of approximately 650 square miles. 

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

7.1.3 T m u a  Bvuass Canal. The Tampa Bypass Canal (TBC), located east of the Ciry of Tampa, 
was constructed during the period 1966 to 1982 (refer to Figure 2.2). The canal was excavated in 
the channels of the former Six Mile CreeWPalm River dramage systans. The pulpose of the TBC 
was to divert Hillsborough River flood waters to McKay Bay, bypassing the cities of Temple 
Terrace and Tampa. The TBC extends about 14 miles south from Cow House Creek in the Lower 
Hillsborough Flood Detention Area (LHFDA) to McKay Bay at the mouth of the Palm River. The 
canal is subdvided into three pnncipal reaches: the upper, middle and lower pools (Figure 2.2) 
which are s e p m e d  by flow control structures. A structure (S-160) at the downstream end of the 
lower pool controls flow into the remains of the Palm River and fiaally into McKay Bay. Structure 
160 also acts as a physical barrier that prevents the upstream migration of saline water from the bay. 

2.1 
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Tampa Bypass Canal and Lawer Hillsborough Flood Detention Area (FDA) 

Figure 2.2 
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The 9,000 feet long Hamey Canal connects the TBC midde pool and the Hillsborough River 
Reservoir (Figure 2.2). A suucture (S-161) conuols flow from the reservoir to the canal. Up to 
4,000 cfs of flow can be diverted from the reservoir to the TBC through the Hamw Canal during 
flooding. The TBC can also cany convey cfs from the LHFDA. while the TBC lower pool is 
designed to pass a total maximum flow of 26,700 cfs. 

Since 1985. the TBC via the Hamey Canal has been used to periodmlly augment water supplies in 
the Hillsborough Reservoir. D u n g  time of low water levels in the Hillsborough hver  Reservoir, 
waters are pumped from the k e y  Canal over Structure 16 1 into the reservoir. Greater details 
regarding reservou augmentation from the TBC are presented 111 a later secuon of d m  report. 

2.1.4 Lower Hillsboroueh River. The Lower Hillsborough extends approximately 10 miles 
downsueam of the Hillsborough Reservoir Dam. This secrion of the river is tidally-affected. The 
watershed of the Hillsborough hver  downsueam of the dam is 1 1,400 acres and is highly urbanized 
with residential and commercial land uses comprising 93 percent of the river’s warershedbelow the 
dam. Nearly all of this land is drained by storm sewers, and 114 major stormwater outfalls axer 
the river below the dam. For over a cenmy there has been extensive filling of fresh and salnuata 
wetlands associated with the lower river so that very little of these wetlands remain. S d a r l y ,  the 
shoreline of the lower river has been hghly modified, as approximately 76 percent of the river 
shoreline is either bulkhead, riprap, or fill. Natural shorelines comprise 26 percent ofthe lower river 
shoreline and most are near the dam. There are no natural shoreline covers downstream of the 1-275 
bridge. Descriptions of the shorelines of the river are presented in the 1995 repon by Water & Air 
Research and SDI Environmental Services, Inc., which for brevity is 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 river mouth. The long-term average discharge for thu; second-order 
spnng is 40 cfs, but a declining trend 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 
control structure at the spnng boil and by a structure near the river. Flow from the spring is 
periodically diverted by the City of Tampa and used to augment the Hillsborough River Reservoir 

. .  2.2 Hvdroloeic Charactensncs of the Hrllsborouph River R ~ e r v  O U  

This section summarizes the historic hydrologic conditions observed at the Hillsborough River 
Reservoir, panicularly 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.S. Geological Survey (USGS) is 1939 to present. This gaging station is designated by the USGS 
as the Hillsborough River near Tampa (# 02304500). Dunng the m o d  of record, water levels 
(stage) in the reservoir have ranged from 14.9 feet to 22.9 feet NGVD. In order to examine 
hydrologic condtions c h n g  a more recent rime interval, a frequency distribution of wa ta  levels 
in the reservoir is presented for the period 1974-1996 in Table 2.2. During this time the median 
reservoir water level was 22.0 feet and 5 percent of all stage values were below 18.4 feet NGVD. 
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Since the 1980s. the Hillsborough River Resmoir has been augmented by water pumped from 
Sulphur Springs (1981 to present) and the Tampa Bypass Canal via the Harney Canal (1985 to 
present). Augmentation has enabled the City of Tampa to mainrain higher reservoir slag= than 
would be possible if only river inflows were available. For the period 1984 to 1996. the reservoir 
stage was below 20 feet NGVD only 8 percent of the rime, compared ro nearly 25 percent of the 
time during the pre-augmentation period of 1974 to 1983 (Table 2.2). 

Table 2.2 Frequency Dsmbution of Hillsborough River Reservoir Stage 

Stage (feet, NGVD) 
Combined Re-au-mentation Augmentation 

Periods Period Period 
Percentile 1974 - 1996 1974 - 1983 1984 - 1996 

1 16.4 15.9 18.1 
5 18.4 17.6 19.5 

10 19.4 18.5 20.3 
20 20.6 19.7 21.1 
30 21.1 20.6 21.6 
40 21.7 21.1 22.0 
50 22.0 21.5 22.5 
60 22.2 21.9 22.4 
70 22.4 22.1 22.5 
80 22.5 22.3 22.6 
90 22.6 22.5 22.6 
95 22.6 22.5 22.7 
99 22.7 22.6 22.7 

Daily records of stxamflow that discharges kom the Hillsborough River Reservoir at the resavoir 
spillway are available since 1939. The annual mean discharge at this site for 1939 to 1996 was 463 
cfs. The median discharge for this same puiod was 152 cfi. AMual mean discharges for the 1939 
to 1996 period of record range from less than 100 ds 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 hydrologic records for the Hillsborough River Reservoir as “poor,” 
indicating that d i f€mces between the actual and estimated values may exceed 15 percent (Stoker, 
et al., 1996). However, the data collectedby 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 seepage. Reservoir inflows can be estimated based on upstream watershed areas 
and gaged flows from Trout Creek, Cypress Creek, the Hillsborough River at Morris Bridge and 
Crystal Springs (set Figure 2. I). The period of record at the Morris Bridge gage goes back only to 
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1974, thus limiting the period for which inflows to the reservoir can be estimated. Daily estimates 
ofreservoir inflows weredeveloped f o r t h e p o d  1974 to 1996 andarepresentedinFi_pure'.3.Tne 
frequency distribution of daily estimaedreswoir inflows for the 1974 - 1996 time period is given 
in Table 2.3. 

Table 2.3 Frequency Dismbuuon for Estimated Daily Reservoir Inflow and 
Reservoir Outflow Records, 1974 - 1996. Flows rounded to the nearest integer. 
Leakage through the dam typically reponed at less than 0.5 cfs. 

Reservoir Reservoir 
Percentile Inflows OUfflOWS 

1 46 0 
5 58 0 
10 68 0 
20 83 0 
30 103 1 
40 127 5 
50 164 35 
60 216 106 
70 308 21 1 
80 478 394 
90 916 865 
95 1379 1310 
99 2565 2270 

For the paiod 1939 to 1973, when only reservoir outflows were measured, it can be assumed that 
inflows to the reservoir equaled or acceded outflows since water supply withdrawals were made 
&om the reservoir. There were probably also seepage losses kom the reservoir. A conservative 
estimate of reservoir inflows can therefore be made for 1939 to 1973 from the record of reservoir 
outflows for that period. No ad~usments for yearly withdrawals from the reservoir were made to 
these estimates. 

(cfs) (cfs) 

Figure 2.3 shows a hydrograph of yearly mean outflows from the reservoir (1939 - 1996) and 
esfimated yearly mean inflows to the reservoir (1974 - 1996). Though the pre-1974 outflows 
represent conservative inflow estimates, there were many more high inflows years before the 1970s 
than aftcr. Sixty p e n t  of the years between 1939 and 1969 had average yearly flows greater thm 
500 cfs, whereas only 13 percent of the years after1974 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 smamilow characteristics such as base flow. 

Stoker et al. (1996) reported declining wends 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 a d  30-day low flows and 7-day and 3O-day high flows for the same time period. No attempt 
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was made to identify the causes of sueamflow deches. However, the authors cited deficir rainfall, 
alraarion of drainage pattCmS, decreased base flows, and increased water use as possible faaon.  
Table 2.2 on page 2.6 shows the frequency hstribution of reservoir outflows at the Hillsborough 
River near Tampa gaging station for the period of 1974 to 1996. The median outflow for the 
reservoir was 35 cfs. while the outflow was less than one cubic foot per second about 30 percent of 
the time. Rows less than 1 cfs represent estimates of dam leakage. 

Figure 2.4 shows hydrographs of daily flows from the Hillsborough River Reservoir for the years 
1990 to 1997 to give the reader a sense of the daily fluctuation in &charge that occurs at the dam. 
Climatic patterns in southwest Floridaproduce a summer rainy season during which more than half 
of the yearly sueamflow typically occurs in regional rivers. The hydrographs reflect this panern, 
as high flows from the reservoir typically occur during the months of July through Oaober. Low 
flows from the reservoir generally occur during the months of November through June, although 
exceptions to this pattern can occur such as the wet uinters of 1993, 1996, and 1997. 

The hydrographs show that during the dry season there are often prolonged periods when there is 
no discharge from the reservoir spillway. The number of zero-flow days (< 1 cfs) have shown 
dramatic increases beginning in the 1970s (Figure 2.5). In 1945 there were five zero flow days, 
whch may have been associated with the completion of the dam. Between 1945 and 1968, there 
were no zero-flow days as withdrawals increased steadily, but there were 22 zero-flow days in 1968 
as withdrawals reached 40 mgd Zero-flow days increased substantially during the 1970s. From 
1970 through 1995, only the yean 1987 and 1988 expericncedno zero-flow days. The number of 
zero-flow days have exceeded 200 days per year six times since 1972. 

Withdrawals from the reservoir are reported to have begun in the 1920s, but records for withdrawals 
date from October, 1945. Average yearly withdrawals rates since 1946 are shown in Figure 2.5. 
Increasing water use has certainly played a role in the increased occurrence of zero-flow days at 
h e  reservoir dam. Declines in reservoir inflows &scussed earlier have also probably had an effect. 
Construction 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 aqufer and increased ground-water inflow to the canal by approximately 20 rngd 
(Knutilla and Corral, 1984). However, the fraction of this flow that originatedin the vicinity of the 
Hillsborough River Reservoir has not been quantified. Augmentation of the reservoir with water 
from the TBC via the Harney Canal since the mid 1980s has returned some or all of the water lost 
by increased groundwarm seepase from the reservoir. 

Since 1979, outflows from the reservoir have also been periodically affected by the diversion of 
high flows from the Hillsborough River to the TBC flood control systan. Operation of TBC 
structures allows divRsionofupsaeamriverflowsthroughtheLowaHiIlsbomughFloodDetention 
Area to TBC and reservoir inflows through the Harney Canal to the TBC. Records of these 
diversions have not been well-maintained, and generally the magnitudes of t h a e  &versions are 
U n k n O W n .  
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I HillsboroughRiver I 82 I 92 I 104 -1 
I Tampa Bypass Canal I 20 1 nonespecified I 40 1 
I Sulphur Springs I 5 I 10 I 20 I 
IMorrisBridgeWF I 15 I 27 I 30 ---I 
Continuous data of withdrawal quantities from the reservoir 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 ranained relatively constant from 1972 through 1977. 
The Hillsborough River was the sole source of water supply for the City of Tampa until 1978 when 
the Moms Bridge wellfield was brought on line. Total demand on the City's supply increased 
through 1981 but reservoir withdrawals remained about 50 mgd. In 1984 and 1985, the City of 
Tampabeganto augmentthereservoir from Sulphur Springs andtheTBC, respectively (Figure2.6). 
After 1985, withdrawals from Moms Bridge wellfield were reduced and withdrawals from the 
rservoirincreasedagain. Duringtheyears 1976to 1996,yearlyaverageratesof58 to66mgdhave 
been withdrawn f?om the reservoir. 

Withdrawals from the Tampa Bypass Canal and Sulphur Spnngs are considered augmentation to 
the reservoir, since they are pumped into the reservoir 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 in the Hillsborough River Reservoir. From 1989 through 
1996, the City has augmented every year from the TBC (Figure 2.7). Sulphur Springs has provided 
augmentation in only three of the seven years and generally provides 10 percent or less of the total 
augmentation quantity. 

In March, 1999, the Dismcr issued anew water use permit to Tampa Bay Water Authority to diven 
water from the Hillsborough River Rservoir through the Hamcy Canal to a water supply facility 
10 be built adjacent to the Tampa Bypass Canal. Withdrawals for this permit cannot begin until 
flows at the Hillsborough River Dam exceed 100 cfs. Withdrawals bcgm at 10 percent of flow 
measured at the dam and ramp up to 30 percent of flow beginning at 2 15 cfs. A maximum diversion 
capacity of 300 cfs is specified The effects of these diversions, which will b e p  in 2001, were 
nor included in the District's analysis of minimum flows for the Hillsborough River. The min im 
flows analysis, instead, concenaated 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 

3.1. Role of the minimum flows advisorv mo UD 

In October. 1996, the Southwest Florida Water Management Dismct requested that the Tampa 
Bay Sational Estuary Program (T'BNEP) facilitate a technical advisory group for the establishment 
of minimum flows for the Lower Hillsborough River and the Tampa Bypass CanaliPalm h v e r  
system. Th~s advisory group met on approximately a monthly basis through May 1997. The 
adhisory group included representatives of state, local and regional agencies. municipal and 
regional utilities, citizen environmental groups. and professionals from private firms and 
laboratories. The objective of the minimum flow advisory group was defined at the initial 
meeting and subsequently clarified as follows: 

Provide technically sound recommendations to SWFWMD staff for identifying and 
evalming the water resowces and ecological criterianecessary to establish minimum flows 
on the Hillsborough River downstream of the dam and on the Palm RwerTTampa Bypass 
Canal downstream of Structure 160. 

The advisory group's final recommendations to the Dismct we listed in Section 3.3. It was 
determined that the role of the group did not include providing a definition of "significant harm' 
as that term is used in Sec. 373.042 Florida 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 Dismcr should evaluate and consider in establishmg 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 suppon of the advisory group's activities. the TBNEP managed a contract with Coastal 
Environmental to consolidate previously collected data for the river and canal and develop 
statistical models for salinity distributions and dissolved oxygen concentrations as a function of 
freshwater inflow. Fundug 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 Florida Deparunent of Environmental Protection Marine Research Institute (FMRI) 
performed new analyses of dam collected from three tributaries as part of the fisheries independent 
monitoring program for Tampa Bay. The District reviewed and considered the findings of these 
srudies in its minimum flows evaluation. The report 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 Section 3.5 of this report and presented 
in Appendix N-4. 
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3.2. Minimum flows t e c h  'cal amroach 

The minimum flows advisory group identified several points of agreement regarding criteria for 
establishing minimum flows. Two key points were that salinity and dissolved oxygen are critical 
water quality variables affecting the abundance and distribution of organisms in the Lower 
Hillsborough Rwer. Accordmgly, the determination of minimum flows evaluated how freshwater 
flows affect the dismbution 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 &sfxibution of potential fish habitat 
were evaluated. The relauonshlps of other biological parameters (e.g., benthic invenebrates. 
shoreline plant communities) to freshwater inflows were evaluated as they affect the overall 
biological integrity and productivity of the systems. 

Based on these considerations, the basic approach for minimum flows determination was to 
evaluate salinity and dnsolved oxygen distributions in the Lower Hillsborough River as a function 
of freshwater inflows. Statistical models and a deterministic model were used to evaluate salinity 
distributions in the Lower Hillsborough River as a function of inflows of fresh andor near-fresh 
water. Statistical analyses were used to predict dissolved oxygen concentrations and the 
probability of experiencing hypoxic (low dmolved oxygen) conditions in the Lower Hillsborough 
River under various minimum flow releases. 

Sdnity and dissolved oxygen distributions calculated by these methods were compared to potential 
habitats available for fish and other orgaaisms. Physical habitat features that were compared to 
salinity and dissolved oxygen dismbutions included shoreline length, vegetated shoreline, river 
distance. surface area, bottom area. and river volume. Previous biological data for the river were 
used to evaluate species that could be expected to use potential habitau. Also. relationships of 
different species to salinity. dissolved oxygen, and physical riverine/esruarine habitats described 
in the technical literature and data from other tributaries to Tampa Bay were used to evaluate 
potential habitat use. 

The amount of freshwater and low and medium s a l i n ~ t y  habitau 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 minimum flows. 
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3.3 Recommendations of the minimum flows advisorv E rouu 

The advisory group formulated and presented to the Dismct the following recommendations 
regarding minimum flows for the Lower Hillsborough River (also see Appendix K-1). 

1. 

2.  

3. 

4. 

5.  

Define ecological criteria or goals for dissolved oxygen concentrations in the Hillsborough 
River as a minimum of 4.0 mgll and average 5.0 mgll for optimizing fish utilization. If 
these criteria cannot be feasible met at all times and in all locations, minimize time and 
areas in the river where dissolved oxygen is less than 4.0 mgil. 

Comment: Several members of the Advisorq. Group expressed concern that 
“oprimiZing fish utilization” 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 gradmt from the e s m v  to the dam rangmg from plyhaline (> 18 
ppt) to fresh (<0.5 ppt), to optimize estuarine-dependent fish species utilization. 

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

Comenr: Some members of the Group questioned the ecological 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 issue. 

Evaluate other ecological issues and analytical tools related to freshwater flow 
management. including impacts on manatees and changes in water quality related to 
diverring a portion of the Sulfur Springs discharge. 

Test the reliability of the management tools through a series of controlled 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 controlled release 
experiment. 

Additional i n fomion  from the District. The District has initialed new data 
collection 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 adduional verification ~ l l s  of the District’s deterministic model. 
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3.4 Minimum flow studv bv Coastal En vironmentaJ 

The District and the City of Tampa interacted with the minimum flows advisory group to develop 
a scope of work for Coastal Environmental (a division of Post, Buckley. Schuh, and Jernigan, 
lnc.) to analyze data previously collected for the Lower Hillsborough River. T h s  project involved 
statistical analysis of the data and development of empirical models to predict s a h r y  distributions 
and dissolved oxygen concentrations in the Lower Hillsborough k v e r  (Coastal, 1997). 

The summary of h h g s  of the minimum flows advisory group included a comment prepared by 
the NEP staff and Coastal Environmental that stared "Due to the deficiency of low-flow data, the 
empirical model presented in the report cannot be used to reliably predict salinity levels in the 
river nor changes in salinity-based habirat due to dam releases when flows are greater than 0 cfs 
and less than 30 cfs" (Appendix bi-1). The amount of salinity data just below the dam during low 
flows is given further discussion on pages 4.26 through 4 3 3 .  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. 
Data collected during no-discharge periods during 1996 (Table 4.2) show that shallow depths in 
the river near Sulphur Springs can be lower in salinity than at either the nearest upstream or 
downstream WAWSDI stations (3 and 5). Since the empirical model (Coastal, 1997) uses data 
from these two stations to predict salinity 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 information regarding salinity dismbutions 
and salinity based habitat in the lower river, but the District concurs the model ourput should not 
be used to evaluate the effects of flows between 0 and 30 cfs. The Dismct believes the results of 
the river-wide empirical model are best viewed along with the other analytical results that were 
generated for the lower river. In particular, the fixed station regression models presented in 
Coastal (1 997) aud the hydrodynamic model (Chapter 5 )  are good comparative tools for evaluating 
the effects of different quantities of fresh and near-freshwater inflows on s a h t y  in the river. 

The TBNEP staff and Coastal Environmental also suggested the empirical models presented in the 
report cannot be used to reliably dissolved oxygen concentrations at fixed stations in the river or 
the frequency at whlch specified dissolved oxygen concentrations will be achieved throughout the 
river. These suggestions were based the generally low r-square values for these regressions and 
the low number of observations recorded c b m g  low flows from the dam in the WAR/SDI data 
set. They also suggested the limitations of the various analytical tools, including the District's 
hydrodynamic model, be made clear to policy makers when presenting results and malang 
presenrations (Appenbx N-1). 
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3.5 Analvsis of salinitvlfish relationshios from other Tampa Bav mbutari es bv th e Ronda 
Marine Research Institute 

Staff from the Florida Department of Environmental Protection Marine Research Institute (FMRI) 
participated on the minimum flows advisory group. In order to describe the use of adai rivers by 
fish species present Tampa Bay, FMRI staff made a presentation to the group regarding fish 
dismbutions observed in studies of the Little Manatee River. Discussions were held about the 
relationsh~ps of the different life stages of estuarine dependent fishes to salinity dismbutions in 
the bay’s tributaries. I t  was concluded that in order to offer maximum benefit to the most species 
of fish, the salinity gradient in the lower river shouldbe complete (i.e. from fresh water to greater 
than 18 ppt). It was clarified that it would be suitable if the 18 ppt waters were located outside 
the mouth of the river since the estuary would stil l  have a complete salinity gradient. I t  was 
concluded a complete &ty grad~ent wouldbe valuable throughout the year, 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 
catch dam from three tidal rivers monitored as pan of the fisheries independent monitoring 
program. A summary of these analyses that was prepared by FMRI staff and presented to the 
group is included as Appendix N 4 .  The FMRI presented data from three tidal rivers on the bay; 
the Alafia, Lntle Manatee and Manatee. Sampling in each river was by a 21-m boat seine and a 
6.1 m otter trawl. Sampling for each gear was based on a stratified random design in which 
samphg was randomized within designated geographic areas. Efforts were made to sample 
across the salinity gradient and the fish catch data were classified into salinity zones determined 
by the Venice system. Because the freshwater/saltwater mixing zone moves many mi les  in these 
rivers on a seasonal basis. there were many sampling dates when certain 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 Little Manatee River had the most freshwater samples by seine, while the Manatee 
River had by far the most polyhaline (1 18.0 ppt) seine samples. These differences in sampling 
effon 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 
medm) salinity of sampling was very slmilar for the Alafia and Little Manatee Rivers (about 9 
ppt). but was considerably higher (23 ppt) for the Manatee k v e r  (page N4-2). Due largely to the 
inclusion of the Manatee River in the analysis, more samples were collected in polyhaline waters 
than any other salinity zone. 

Table 1 in the FMRI handout lists the number of fish caught in each salinity zone @ages N4-9 to 
N4-12). The density weighted mean saliity at capture (and standard error) for each species that 
was caught in ten or more samples is presented on page N4-16. These same statistics are plotted 
for 13 important species on page N4-17. The snook (Cenrropus midecimalis) had a mean salinity 
at capture of 4.05 ppt. while three species had mean salinities at capture of about 9 parts per 
thousand. Seven species hadmean salinities at capture between 12 and 17 ppt. while two species, 

3.5 



the silver jenny (Eucinostomus gula) and the sand seatrout (Cynoscion arenunus), had salinities 
at capture of greater than 20 ppt. It should be noted the standard errors around the mean for each 
species are relatively large and many species were widely distributed during the study. 

The lengths of fishes analyzed are presented with the salinity at capture natistics (page N4-16). 
The FMRI study largely captured fishes in the juvenile stage, although this varied between 
species, For some species, the mean sahuty at capture varied with the length. For example. the 
mean salinity at capture for two searrout (Cynusciun) species was lower at lengths between 40 and 
70 mm than for lengths less than 30 (pages N4-19 and N4-20). This pattern occurred because 
these species tend to migrate into low salinity zones as juveniles. Many estuarine dependent 
species migrate into low salinity waters as they grow from larval to juvenile stages, then migrate 
back to higher salinity waters as they mature from juveniles to adults. 

Another useful document for examining the salinity at capture for early life stages of estuarine 
dependent fish that was discussed by the advisory group is the ichthyoplanldon mtdy 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 salinity at capture for cenain 
species between these two reports. For some species (e.g., Anchoa rnirchillt0, the salmity at 
capture 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 utilization and fish/salinity relationships in tributaries to Tampa Bay. This 
information was then compared to the fish data collected as part of the WAIUSDI study. Some 
members of the group suggested that potential fish utilization in the Hillsborough should be less 
than these other tributaries because of the highly urbanized ~ t l l r e  of the river’s shoreline. In 
essence, even if salinity and dissolved oxygen concentrations in the Hillsborough were suitable, 
fish populations would be smaller due to river’s modified morphology and loss of tidal wetlands. 
In response in this issue, FMRI segregatedtheir seine catchdata into four shoreline classifications; 
unvegerated. emergent vegetation, overhanging vegetation, and hardened shoreline (N4-26 to N4- 
30). The results showed that substantial numbers of fishes were caught adjacent to hardened 
shorelines. For some notable species (Andm mirchilli, Scienops ocellurus, Cynoscion nebulosus) 
the shorelined class was ranked fmt  or second with regard to average number caught. 

FMRI staff pointed out that these results are partly related to the sampling gear. Seines can be 
more effective at capturing fish 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 natural shoreline 
and the functions of tidal wetlands in maintaining food-webs in those rivers are important. 
Overall, the WAWSDI data for fishes in the Lower Hillsborough River and the FMRI data from 
other mbutaries indicate that although the lower river has been substantially m d f i e d ,  it iscapable 
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 Ecoloaical Data and Information 

To evaluate minimum flows for the Lower Hillsborough River the Dismct principally relied on 
the six sources of ecological dara and information that are lisred below. 

1 .  A hydrobiological study of the Lower Hillsborough River and the Tampa Bypass Canal 
required by special conditions of water use permits issued to the City of Tampa and 
the Wesr Coast Regional Water Supply Authority (WARISDI, 1995). 

2. Data for sahi ty .  hssolved oxygen, and water quality parameters available from the 
Hillsborough County Enwonmental Protection Commission. 

3. Data for salinity and dissolved oxygen concentrations in the Lower Hillsborough River 
measured by continuous recorders operated by the W.S. Geological Survey. 

4. A report published by the Tampa Bay National Estuary Program (TBNEP) that was 
requested by its minimum flows advisory group to the Dismct. TIUS report, which 
was prepared by Coastal Environmental, lnc. (Coasral, 1997). analyzed data from the 
three sources listed above. Funds for this report were provided by the City of Tampa 
and the Southwest Florida Water Management District. 

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

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

Results and conclusions from the first three of these data sources are summarized in this chaprer. 
Results of the Coastal (1997) and FMRI studies are discussed in Chapter Three and the results of 
the hydrodynamic model of rhe Lower Hillsborough River are discussed in Chapter Five. Other 
studies the District considered in determining minimum flows for the Lower Hillsborough River 
are those by Ross (1980), Mercalf and Eddy (1983), Mote Marine Laboratory (1984), Peebles and 
Flannery (1992) and HSW Engineering (1992). Overall, these combined sources of dam and 
s n d e s  comprise the best available information for establishing minimum flows on the Lower 
Hillsborough River. 

4.2 Hvdrob ioloaj 'cal Srudv of Lower Hillsborougb Ri ver and Tamoa Bwass C anal 

At the 1991 renewal of the water use permits required to withdraw water from the Hillsborough 
River Reseervoir and the Tampa Bypass Canal, a hydrobiological study of the Lower Hillsborough 
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River and the Tampa Bypass Canal was requmd of the permittees (City of Tampa and West Coast 
Regional Water Supply Authority), With that renewal the average annual withdrawal guanhv 
permitted from the Hillsborough River Reservoir was increased from 62 to 82 nullion gallons per 
day. The purpose and regulatory application of the hydrobiological study is described in special 
condtions contained in the water use permirs issued to the City of Tampa and the West Coast 
Regional Water Supply Authority. Field data collection for the hydrobiological study was 
conducted 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 (WARISDI, 1995). 

The hydrobiological study included collection of a wide array of physical, chemical and biological 
variabies includmg s a h t y .  water guahry, phyroplankton, bentfuc macroinvenebrares. fishes. and 
shoreline vegetation. Although the withdrawallaupenmion schedule and some of the 
corresponding ecological conclusions conrained in Chapters 8, 9 and 10 of the WAR/SDI (1995) 
report are not necessarily endorsed by the District, 'the hydrobiological study is a principal source 
of data the District relied on to evaluate the biological characteristics of the Lower Hillsborough 
River and Tampa Bypass Canal and their relationships to freshwater inflows. Some general 
findings from the hydrobiological study relevant to the determination of minimum flows for the 
Lower Hillsborough h v e r  are summarized below. A map of the stations that were sampled as 
part of the hydrobiological study are shown in Figure 4.1. 

4.2.1 Shoreline Habitat Inventow . The Lower Hillsborough River is a highly modified system. 
Most 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, riprap or other material. 
Twenty-four percent of the total shoreline is presently in namral cover. River segments nearest 
the dam have the lughest percentages of natural shoreline, with 89 percent of the shoreline above 
Rowlett Park bridge (22nd St.) in natural cover. 

4.2.2 Salinity 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 Hillsborough has been the 
subject of considerable analyses beyond that presented in the WAWSDI hydrobiological study. 
The results of these analyses are presented later in this and the following chapters of this report. 

4.2.3 Dissolved Oxva en. Surface dissolved oxygen (DO) values generally increased 
progressively downstream in the lower Hillsborough River. Low surface DO values were 
typically found at stations 3 and 5 during periods of no discharge from the dam. Surface DO 
concentrations at stations 2. 3, 5 and 6 were positively comlated with discharge from the dam. 
Depletion of DO with depth was common in the lower river, and there were frequent problems 
with hypoxia 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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1 - Figure 4.1 Location of WAEUSDI and USGS sations in the Lower Hillsborough River 
Adapted from WAR/SDI (1995). 
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4.2.4 Water Chemistry Station means for total suspended s~ l ids  I T S )  increased d o ~ ~ ~ ~ t r e m  
in the Lower Hillsborough River and were negatively correlated with dkcharge at dl river 
stations. Turbidity was also negatively correlated with dmharge at two stations in the Lower 
Hillsborough hver .  Color and ortho phosphorus were positively correlated with discharge in the 
Lower Hillsborough, while Secchi disk values were negatively correlated with discharge. 

4.2.4 ChloroDhvll a and Phvtoulankton. Median values of chlorophyll g in the lower river 
generally increased downstream toward the bay, ranging from 3.8 ggil at station 3 to 17.3 gel1 
at station 9. Mean values also generally followed this pattern but were heavily mfluenced by a 
phytoplankton bloom during December 1992. Chlorophyll a was negatively correlated with 
discharge from the dam at all stations in the lower river. Freshwater m o w s  resulted in shfts 
in phytoplankton group dominance in the lower river, reflecting the lower river's variable 
physico-chemical environment. h g  times of high reservoir &scharge, freshwater taxa were 
found extending downstream from the dam. 

4.2.6 B e n ~  ' c  Macroinvertebrate$ Many of the invertebrate collections in the Hillsborough 
Rwer were indicative of stressed environments with low DO concenuations. Low values for 
population density. species richness, and diversity were common during the study. but were most 
frequent nearest the dam (Station 3). Communities collected from shallow waters at stations 3 and 
5 during the second year of study generally had one to three orders of rnagmD.de more organisms 
than collections from mid-channel areas, apparently due in large part to higher DO concentrations 
in the shallower waters. 

Changes in sahi ty  resulting from discharges from the Hillsborough River dam affected benttuc 
communities primarily at stations 3 and 5 .  During periods of peak ducharge, a shift in 
community compositions from estuarine species to freshwater species occurred at starion 3. The 
freshwater populations rapidly decreased following termination of discharges from the dam and 
a renun to more s h e  condttions. 

4.2.7. IcbthvoDlankton Ichthyoplankton captured in the Lower Hillsborough River were 
primarily rhe egg. larval, and juvenile 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 
estuarine habitats. Compared to the Little Manatee kver ,  which was sampled in another study 
(Peebles and Flannery, 1992). the Hillsborough River hadlower taxonomic dwersity, richness and 
evenness, which appeared to be related to poor representation of substrate associated fishes. A 
pronounced reduction in abundance of larval stages in the Lower Hillsborough River appeared 
related to benthic hypoxia. 

4.2.8. Juvenile Fi& 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 salinity 
regimes. Although numerically small, the freshwater resident community was an important 
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component of the Lower Hillsborough Rwer. where it was largely restricted to the two most 
upstream juvenile fish stations (WAWSDI 1595; page 9.10). The transient fish communities k 
the lower river were important because most of the m a  represented juveniles of species of spon 
or commercial value. All transients were marine species that seasonally entered the study sites 
as young-of the year, using these systems as nursery areas. 

4.3.  Additional Dismct Analvses of Saliniw and DO Data from the Permit Reauired 
Hvdrobiolocical Study 

The Dismct performed additional analyses of the salinity and DO data collected during the 
WARiSDI hydrobiological study. Data from t h s  study were also analyzed in the report published 
by the TampaBay National Estuary Program (Coastal, 1997), which is described in Chapter Three 
of this report. Plots and sratistical summaries of WAWSDI data prepared by Dismct staff are 
presented in the following sections and compared u) the findmgs of these other wo studes 
(WAR/SDI, 1995: Coastal, 1997). 

4.3.1 salinitv durinE dsc hage and no-discharge conditions from the Hillsborough kver .  

Summary statistics for salinity in surface and bottom waters are presented in WAWSDI (1995) 
for periods when rhere was discharge and no discharge from the City of Tampa dam. Similar 
statistics are presented in Table 4.1 for the discrete depths measured in the in situ vertical profiles. 
The locations of the WAWSDI stations are shown in Figure 4.1. Waters as deep as two meters 
were routinely measured at each station. However. the number of observations for 3 meters depth 
or greater were less due to differences in tide smge or the exact location of sampling benveen 
trips. KO discharge is defined as days when three-day average flows at the dam were < 2 cfs. 

Several points from Table 4.1 are worth noting. During discharge conditions there is typically 
fresh water at Station 2, while during periods of no discharge mean salinities ranged from 5.8 to 
6.5 ppt at the dfferent depths at that locarion. The quantity of water that is needed to produce 
freshwater condtions near station 2 has been the subject of considerable analyses which are 
presented later in this report. Mean salmty values of less than 1 ppt were also found at zero and 
one meter depths at station 3 during discharge conditions. Plots of sal in i ty  versus flow at station 
3 and all other WAWSDI stations in the river m presented in Appenhx C. 

Stations 5 and 6 are important because they were the closest WARlSDl stations downstream from 
Sulphur Springs. During discharge con&tions, vertical salinity gradients generally differed by 
4 to 6 ppt over the top 3 meters of water. Dunng no-discharge condnions, steep vertical salinity 
gradents were observed in the top meter of water. Differences in mean d t y  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-ducharge conditions. Unless otherwise noted in parentheses for 3 m depth. 
the number of observations (N) is 18 for discharge and 24 for no-discharge condinons. All 
values expressed as pans per thousand. 

Station 2 
Surface 
1 M  
2 M  
3 M  
Bottom 

Surface 
1M 
2 M  
3M 
Bottom 

Surface 
1 M  
2M 
3M 
Bottom 

Surface 
1 M  
2M 
3M 
Bomm 

Surface 
1 M  
2M 

Bottom 

Surtace 
1 M  
2 M  

Bottom 

Surface 
1 M  
2 M  

Bortom 

Surface 
1 M  
2M 
3 M  
Bottom 

Station 3 

Station 5 

Station 

Station 7 

3M 

Station 8 

3M 

Station 9 

3 M  

Station 1Q 

DISCHARGE 
(3-day tlows > 2 cfs) 

0.2 * 0.9 
0.2 f 0.9 
0.2 * 1.0 
0.0 (2 ) 
0.3 f 1.1 

0.4 k 1.2 
0.6 f 1.7 
1.9 * 4.4 
2.2 2 5 . 4  (12) 
2.0 * 4.6 

0.9 f 1.5 
2.5 f 3.9 
5.3 f 6.8 

5 .1  f 6.8 
4 . 9 2  7.4 (10) 

1.3 f 1.6 
3.7 f 2.6 
6.5 f 2.1 
7.1 2 8 . 0  (10) 
6.9 f2.4 

2.5 f 3.1 
3.8 k 4.6 
7.6 * 7.6 
8 . 5 2  8.5 (11) 
9.1 * 7.7 

3.1 f 3.4 
4.9 f 5.5 

10.4 f 8.9 
14.0 2 8.8 (12) 
13.3 * 8.6 

5.3 f 4.5 
9.0 f 7.7 
14.5 f 8.0 
18.8 2 5.6 (15) 
19.3 f 3.1 

9.8 f 6.0 
15.3 f 7.7 
20.9 f 5.1 
22.8 & 2.2 (17) 
22.8 It 2.2 

4.6 

NO-DISCHARGE 
(3day flows < 2 cfs) 

5.8 * 3.1 
6.2 f 3.0 
6.5 f 3.2 
3.5 2 3 . 8  (3) 
6.5 2 3.1 

5.7 f 2.9 
8.6 f 4.5 
10.6 f 5.6 
10.9 2 5.4 (15) 
11.4 f 5.7 

5.6 f 2.2 
11.3 f 5.3 

14.3 2 5.8 (19) 
14.6 & 5.4 

14.4 * 5.8 

6.1 f 2.4 

14.3 f 5.5 
15.4 2 5.2 (14) 
15.1 f 5.5 

11.1 f 4.8 

8.0 * 2.9 
13.3 f 5.1 
16.7 f 5.3 
16.7 2 5 . 3  (9) 
17.0 f 5.2 

11.2 f 3.3 

17.9 * 5.0 
18.9 4.9 (14) 

14.7 f 4.1 

19.2 f 4.1 

15.3 f 3.1 
17.8 * 3.9 
21.4 f 3.1 
23.1 2 2.6 (17) 
22.4 f 2.1 

20.0 f 4.8 
22.1 * 4.4 
23.8 f 3.3 
24.6 2.9 
24.7 f 2.8 



Flows from Sulphur Springs contribute to the steep vertical salinity gradients in near-surface 
waters. The W t y  of the spring water in recent years has typically ranged from about 0.8 to i .j 
ppt. The outlet from the spiing is just over one meter deep and the less dense spring water tends 
to flow over the more saline water that occurs 111 the river during no-discharge conditions. When 
fresh or low salinity water is 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 Sulphur Springs on vertical salinity gradients is demonstrated by Table 4.2, 
which lists data recorded during a no-discharge period on November, 1996. In addition to three 
WAR/SDI stauons (2.3. and 5) .  vertical profiles for salinity and DO are shown for five other 
stations in the three miles of river immedately below the dam. These data show that surface 
salinity was higher at stations near the dam (miles 0.54 and 0.92) than at statiom further 
downsueam, reflecting the influence of Sulphur Springs. For example, surface salinity recorded 
about one half mile below the dam (9.1 ppt) was about twice that recorded near the spring outfall. 
Vertical salinity gradients were nonexistent or slight at stations near the dam (miles .54 and.92), 
but were most pronounced at stations just upstream and downsweam of the spring outfall. 

The mfferences in density stratification berween discharge and no-discharge conditions were 
reverse at the stations near the bay - i.e., stratification 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. Plots 
presented in the next section are informative for examining how d h t y  at these stations responds 
to different quatities of flow. Also, plots and regression models presented in Coastal (1997) are 
valuable for evaluating salinity at different depths at the WAWSDI stations as a function of 
freshwater m o w .  

TEXT CONTINUED ON PAGE 4.9 
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MnE=0.54 
IWAR'SDI 2) 

Table 4.7. Salmty and [Ilssoiveo oxygen CUIIKIUW" a -uvLLpI I -- -- -- 
Hillsborough h v a  sampled on November 21, 1996. Salinity units are ppt and 
units for dssolved oxygen are rng/l. 

Depth S&tv DO 
0.3 9.1 7.5 
1.0 9.1 7.0 
1.5 9.1 6.0 

MILE=0.92 

MILE=I .24 

MILE=I .72 
(WAR'SDI 3) 

Mile 2.03 

Sulphur Springs outfall at mile 2.2 

Mile 2.45 

Mile 2.75 

Mile 3.1 
(WAFUSDI 5) 

DeDlh Salinitv DO 
0.; 8.4 6.0 
1.0 9 3  6.3 
2.0 9.5 5.8 
2.5 9.6 5.5 

Dmth Salieitv DO 
0.3 7.7 5.3 
1.0 9.4 5.6 
2.0 10.9 3.7 
3.0 13.2 0.8 

DeDth Salipiw DO 
0.3 5.1 5.1 
1.0 11.8 3.0 
2.0 15.1 1.5 
3.0 16.1 0.5 
4.0 16.2 0.4 

Mth Sa.timtvDO 
0.3 4.5 5.2 
1.0 9.1 3.7 
2.0 16.4 1.4 

Deuth Salinitv DO 
0.3 4.6 4.7 
1.0 10.8 2.9 
2.0 17.1 1.4 
2.5 17.5 1.2 

Dmth Sal initv DO 
0.3 6.8 6.5 
1.0 10.0 3.5 
2.0 17.4 1.4 
3.0 17.9 0.9 
4.0 18.0 0.7 

D e ~ t h  Salinitv DQ 
0.3 6.7 5.4 
1.0 10.2 2.9 
2.0 18.0 1.1 
3.0 18.3 0.9 

4.8 



4.3.2 Flow terms used for ~J@II 'c analvsis. In the following sections, salinity and DO 
concentrations are ploned vs. dmharge from the Hillsborough Rwer Dam. Discharge quantities 
calculated over dfferent time periods can be used to examine the response of salinity and DO to 
freshwater inflows. For example, in their correlation analysis of water quality variables and flow. 
WARiSDI 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 at discrete depths at 
these stations, Coastal (1997) found that best fit resulred 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 m w e r  and the response of salinity and DO to various flow 
terms should be examined. The effect of using different length time 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 indicate that same-day flow terms should be used with caution, as flow 
can be very low on a particular sampling day but hugh just two or three-days prior (see ranked 
observations 17 and 34). T h  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 pomons of the lower river. Conversely, using longer 
flow averages may not characterize an important flow event that occurred near the time of 
sampling (e.g. observation 33) which may have an effect on a reactive 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 
Appenhces C and D. there is only one observation with a 3-day flow between 2 and 30 cfs in the 
WARiSDI data set (42 total sampling trips). However, there are 5 and 6 observations in that 
range for 8-day and 14-day flows, respectively. Similarly, for the HCEPC data at Columbus 
Ave. (207 t o d  sampling trips) there are 16 observations with 3-day flows between 2 and 30 cfs, 
but there are 26 and 24 observations in that range for 8-day and 14-day flows. This does not 
mean that longer flow terms are necessarily more appropriate, ans the District suggests that 
comparisons between plots using various flow terms should be made to discern apparent patterns. 

4.3.3. Plots of salinity vs. flow for WAWSDI data. To examine the response of salinity to 
freshwater inflows, salinity measurements by WAR/SDI were plotted versus discharge at the 
Hillsborough Rwer dam using four different flow terms (same-day, and precedmg 3-day, 8-day 
and 14-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 salinity measurement 
was taken, while preceding 3-, 8- and 14-day average flows were calculated from the same-day 
flow plus flows from the corresponding number of precedmg 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 Rowletr 
Park Drive and the corresponding 3-day flows were between 2 and 48 Cfs. 
Values ranked by three-day flow. Source indicates agency/firm making salinity 
rneasurment. Table includes HCEPC readings taken after 1986. 

RANK DATE 3-DAY SAIME-DAY 8-DAY 14-DAY SOKRCE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

30JAN90 
140CT81 
150CT81 
06JUN82 
13 FEB8 2 
14FEB82 
1 lFEB8 2 
12FEB82 
09JUN82 
15DEC92 
10FEB82 
07JUN82 
08JUN82 
21FEB89 
09FEB82 
15FEB82 
02MAY82 
O8DEC92 
01JAN82 
21MAR95 
270CT92 
29APR82 
08FEB82 
28NOV95 
28APR82 
120CT93 
07FFB82 
2 30CT9 0 
12JAN82 

06FEB82 
llMAY93 
0 1JUN8 2 
02JUN82 
04JUN82 
05JUN82 
08FEB94 

a 5 ~ ~ ~ 8 2  

2.1 
3.3 
3.3 
4.3 
10.2 
10.5 
13.2 
13.9 
15.0 
15.8 
17.6 
17.8 
17.8 
23.0 
23.6 
25.0 
25.1 
26.3 
27.9 
28.3 
29.5 
30.3 
35.0 
37.3 
37.9 
38.7 
39.3 
40.3 
41.0 
41.7 
42.3 
44.0 
44.3 
44.3 
45.7 
45.7 
48.0 

1.3 
0.4 
0.4 
9.8 
9.0 

16.0 
15.0 
6.6 
1.5 

18.0 
20.0 
42.0 
1.5 

23.0 
4.7 

50.0 
1.6 

24.0 
81.0 
21.0 
36.0 
88.0 
28.0 
59.0 
1.4 

33.0 
38.0 
24.0 
40.0 
41.0 
39.0 
18.0 

130.0 
1.5 
1.5 
1.5 

39.0 

4.10 

5.2 
23.6 
23.6 
35.2 
20.0 
17.2 
29.1 
24.0 
24.2 
26.6 
31.8 
40.2 
40.2 
23.0 
38.7 
18.7 
42.9 
25.5 
10.9 
34.5 
92.2 
56.2 
49.9 
52.6 
57.6 
73.4 
60.0 
68.8 
55.8 
89.1 
74.4 
31.2 
17.6 
17.6 
34.1 
34.1 
62.5 

17.6 
97.9 
76.4 
20.7 
40.2 
33.6 
61.3 
50.5 
23.6 
26.8 
71.8 
23.6 
23.6 
23.0 
82.1 
30.5 
65.8 
24.4 
6.5 

57.3 
209.4 
121.4 
97.1 
87.8 

137.5 
121.2 
108.1 
53.9 
66.3 

143.4 
124.4 
17.9 
10.7 
10.7 
20.2 
20.1 
71.5 

HCEPC 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 

HCEPC 
USGS 
USGS 
USGS 

HCEPC 
USGS 
USGS 
USGS 

USGS 
HCEPC 
HCEPC 

USGS 
USGS 

HCEPC 
USGS 

USGS 
HCEPC 

USGS 
USGS 
USGS 

USGS 
USGS 
USGS 
USGS 

WAR/SDI 

WAR/SDI 

WAR/SDI 

WAR/SDI 



Plots of salinity vs. flow are presented for combined depths at each WAWSDI station in Appendix 
C. Plots are presented separately for flows up to 600 cfs and flows less than 100 cfs. 50 that the 
response of salinity to low flows can be more closely examined. All depths are shown on the 
same plot, so several salinity values may be shown for a given flow rate correspondmg to the 
gradent between surface and botrom values on that sampling date. Twenty-four of the WAWSDI 
sampling dates occurred during nodischarge conditions. Therefore, many observations occur 
near 0 cfs. which may not be readily &stinct due to the close proximity of the y axis. 

For comparison, plots of surface and mean wafer column salinity vs. 14-day flow are presented 
in Appendices S and T of WAWSDI (1995). Appendix B in the Coastal (1997) report includes 
p~ors of salinity at individual depths at the WARISDI stations vs. same-day or 3-day flows. 
Coastal also developed regressions to predict salinity at the WARlSDl stations as a function of 
freshwater mflow, with the exception of station number 2 near Rowlett Park Drive. Appendix 
M in the Coastal report lists predicted &ty values at depths from surface to 2 meters at the 
WAWSDI stations as a function of flow in 10 cfs increments between 0 and 100 cfs. M c t e d  
s a h t i e s  are also listed on the following page for WAWSDI stations 3 and 6. 

The plots of the raw data and the regressions fitted by Coastal demonstrate that saljnity in the river 
responds in a curvilinear 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 salinitylflow relationsbip has an inflection where the slope 
of the relationship rapidly changes. At stations near the mouth of the river (9 and 10) this change 
is more gradual and the inflection is less clear. Such progressions in salinitylflow curves are 
common in tidal river estuaries, where Amity is generally most responsive to low freshwater 
inflows in the upper regions of the system (pages 282 - 284 in Longley, 1994; S k k  and Browder, 
1 998). 

The plots of the WAWSDI 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 substantially reduce salinity in the upper part of the lower river compared to no 
discharge conditions. For example, the regression results presented in Table 4.4 indicate a 
discharge rate of 10 cfs reduces salinity at Station 3 by 1.7 to 3.8 ppt depending on the depth. 
A flow of 20 cfs is predicted to reduce salinity at this s h e  Station to about half that predicted for 
a nodischarge condition. Higher flows are predicted to reduce salinity further, but the 
relationship is curvilinear and the response of salinity to flow becomes more gradual as flow 
increaSeS. 
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the 4.3.4 D issolved oxvgen con c e n m o  llS dUllllE d l S C b K  e and no4scharize condmons from 
H l l l s b o w  RI ver d a z ~  . The District generated plots and sracistical analyses of dissolved 
oxygen (DO) data from the hydrobiological study in addition to 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 Hillsborough River for discharge and no-dscharge conditions 
at the Hillsborough River dam are presented in Table 4.5. 

Mean DO concentrations at stations 2 through 6 were higher for discharge conditions than for no- 
discharge conditions. Th~s  corresponds to the findmgs of WAWSDI (1995) and coasral(1997). 
who both found significant positive relationships between DO and flow at these stations. 
particularly smking are the low values at depth for the no-dscharge conditions. Mean values less 
than 3 mgil were found at 1 meter depth for stations 3,  5 and 6. Mean values were below 2 mgll 
at 2 meters depth, while means for bottom waters ranged from 0.9 to 1.0 mgll at these stations. 
These steep vemcal gradients in DO concentrations are probably related to reduced circulation and 
vemcal density gmhents observed at these stations during no-discharge conditions. Although not 
as severe. low DO concentrations during ndscha rge  conditions were also observed at Station 
2 .  whereas waters were typically well-oxygenated when there was flow a the dam. At the 
downstream stations (7, 8, 9, and lo), differences in DO concentrations between discharge and 
n o - b s c h g e  conditions were very slight. 

4.3.5 Plots of DO vs. flow for WAR/SDI sm .OIQ 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, 
precedmg 3, 8, and 14-day average flow) are used as for the plots of salinity vs. flow. 
Compared to salinity, there was considerably more scatter in the relationships of DO with 
freshwater inflow. This is not unexpected since DO is a reactive constituent that can be quickly 
affected by factors such as temperature, respiration, or photosynthesis. 

There was a strong positive response of DO to flow at Station 2 for all four flow terms. 
Seventeen percent of the DO measurements at station 2 were below 2.0 mg/l chuing no-discharge 
conditions. However, values consistently above 2.8 mgfl were observed at flows above 8 cfs for 
8-day flows, 18 cfs for same-day flows, and 26 cfs for 3-day flows. Values were consistently 
above 4 mgll 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 that are not clear-cut for stations 
near the dam, and shoner flow terms may be more appropriate for evaluating DOlflow 
relationships near the dam. 

Although there was a positive response of DO to flow at Stations 5 .6  and 7, this relationship was 
only apparent at hgh:flows and did not really apply for all depths at flows less than 130 cfs. The 
response of DO to 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 ( Z  130 cfs) at station 8. Conversely, a 
high flow response was not clear at stations 9 and 10, but some positive response to low flows 
was possibly indicated. As discussed later, data from the USGS and the Hillsborough County 
Environmental Protection Commission from locations near the lower WAWSDI stations provide 
more temporally extensive data for DO in the lower reaches of the river. 
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imie 4.3. IVICU uu J U U - ~  u.r--u.- .-. - . -, .+ 
WAWSDI stations for discharge and no-discharge conditions. Unless noted in 
parentheses for 3 M depth, the number of observations (N) is 18 for discharge 
and 24 for no-discharge con&tions. All values expressed as mg/l. 

Station 2 
Surface 
1 M  
2 M  
3M 
Bortom 

Surface 
1 M  
2 M  
3M 
Bottom 

Surface 
1 M  
2 M  
3M 
Bottom 

Surface 
1 M  
2 M  
3M 
Bottom 

Surface 
1 M  
2 M  
3 M  
Bottom 

Surface 
1 M  
2 M  
3 M  
Bottom 

Surface 
1 M  
2 M  
3 M  
Bonom 

Surface 
1M 
2 M  
3 M  
Bottom 

Station 3 

Station 5 

Station 6 

Station 7 

Station 8 

Sration 9 

Station 10 

DISCHARGE 
(3daay tlows > 2 cfs) 

6.9 i 2.2 
6.5 f 2.4 
6.2 f 2.4 
6.1 2.1 (2) 
6.1 i 2.3 

6.0 f 1.6 
5.6 f 1.8 
4.9 f 2.2 
4.7 2 2.5 (12) 
4.8 f 2.2 

5.4 * 1.7 
4.4 * 2.1 
3.2 f 2.1 
3.5 2 2.9 (10) 
2.9 f 2.8 

5.6 f 1.6 
4.2 f 2.6 
3.0 f 2.7 
2.5 L 2 . 5  (9) 
2.6 f2 .4  

5.6 f 1.9 
4.2 f 1.9 
2.7 f 2.2 
2.3 2 2 . 0  (11) 
2.2 f 2.0 

6.6 f 3.5 
4.7 f 2.5 
3.2 * 1.7 
2.4 f 1.7 (12) 
2.4 + 1.6 

6.1 f 2.5 
4.9 f 1.8 
4.1 k 1.9 
3.3 2 1.5 (15) 
3.3 f 2.0 

6.2 f 2.4 
5.3 f 2.2 
4.8 f 2.3 
4.2 k 2 . 7  (17) 
4.2 rt 2.6 

4.14 

NO-DISCHARGE 
(3day flows < 2 cfs) 

4.7 f 2.0 
3.8 f 2.3 
3.4 f 2.3 
1.9+ 0.8 (3)  
3.3 f 2.3 

3.7 f 2.0 
2.1 f 1.7 
1.3 f 1.5 
1.0+ 1.5 (15) 
1.0 f 1.4 

4.5 f 2.2 
2.5 f 1.6 
1.3 f 1.3 
1 . 0 2  1.2 (19) 
0.9 f 1.0 

4.7 f 2.4 
2.8 f 2.2 
1.3 1.1 
0.9+ 1.0 (14) 
1.1 * 1.1 

5.6 f 1.9 
3.6 f 1.9 
2.4 * 1.5 
1.3+ 1.1 (9) 
2.1 f 1.5 

6.1 f 2.1 
4.7 f 1.9 
3.3 f 1.4 
2.0 f 1.7 (14) 
2.7 + 1.6 

6.2 f 2.1 
5.1 f 2.1 

3.6 +. 1.6 
3.6 f 1.6 

6.1 + 1.7 
5.6 f 1.6 
4.9 f 1.6 
4.5 2 1.9 
4.5 f 2.0 

4.2 f 1.9 



4.4. Salinitv and Dissolved Oxveen Data from L‘SGS condnuous reC orders on the Lo wer 
Hillsboro Upb Rl ver 

The USGS operated four continuous recorders on the Lower Hillsborough River during the early 
1980s in support of srudies associared with the h’atjonal Urban Runoff Program (NURP) for the 
Lower Hillsborough River. These data were provided to Dismct, who performed analyses of the 
data and also provided the data base to the TBNEP for addnional analyses by Coastal 
Environmental (1997). The USGS recorders measured data in fifteen minute intervals for water 
level. water tempemre,  specific conductance. and DO concentration. The recorders were 
located at Rowlen Park Drive. Sligh Avenue, Columbus Avenue, and Plan Street (Figure 4.1). 
All values were recorded by fixed probes at approximately mid-depth. The period of record 
differed slightly 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 reviewed for quality control by the USGS before they were delivered to the Dismct. 
Analyses of these data are also presented in the report by Metcalf and Eddy (1983). 

Water temperature and specific conductance data from the USGS recorders were used to estimate 
salinity. Percent saturation values for DO were calculated from the temper- and DO values. 
Although the raw dara measured in fifteen minute intervals were analyzed, most of the Dismct’s 
analyses of the relationships of salinity and DO to flow used daily mean, minimum, or maximum 
values. 

. .  
4.4.1 S h t v  . Means, standard deviations. and number of observations for mid-depth salin~ty 
values at the USGS recorders are hted in Table 4.5 for discharge and no-discharge conditions at 
the Hillsborough River dam. Statistics were calculated separately from populations of daily 
salmity averages and daily minima and maxima. Daily salimty ranges were calculated as the 
dfference between the daily maximum and minimum. No-discharge conditions are categorized 
as three-day average flows of less than 2 cfs. 

The USGS Rowlett Park Drive station is very close to the WAWSDI station 2. The USGS results 
are very similar to the WARlSDI results in that fresh water was observed at Rowlea Park during 
discharge conditions, whereas a mean saluuty of 4.3 ppt was observed during nodischarge. The 
USGS probe was near 1 meter in depth and the salinity average at one meter at WAWSDI station 
2 was 6.2 ppt. The lower value for the USGS data may be due to the relatively wet conditions 
which occurred dunng that study. The total rainfall at 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 nodischarge, runoff to the lower river from the watershed below the dam can have 
a significant effect on salinity in the river. By comparison, the average yearly ramfall total for 
the three year period of the WAR study was 53.0 inches. In the USGS data set there were more 
salinity observations during discharge conditions, whereas in the WAWSDI data set there were 
more observations during no-dmharge condtions. 
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Table 4.6. Means plus or minus one standard deviation and number of observations (N) for 
daily mid-depth salinity at USGS continuous recorders for k h a r g e  and no- 
dmharge conditions. All values except N are expressed as parts per thousand. 

Discharge No-discharge 
Three-dav flows > 2 Three-dav flows < 7 

Rowlert Park Drive 
Daily salinity average 
Daily sahnity minimum 
Daily salinity maximum 
Daily salinity range 

Slioh Ave. 
Daily sah i ty  average 
Daily salinity minimum 
Daily salinity maximum 
Daily salinity range 

Columbus Ave. 
Daily salinity average 
Daily salinity minimum 
Daily salinity maximum 
Daily salinity range 

Plan St. 
Daily salinity average 
Daily salinity minimum 
Daily salinity maximum 
Daily saliniry range 

0.06 +. 0.1 (222) 
0.04 +. 0.1 
0.09 L 0.3 
0.04 2 0.2 

2.0 2 3.0 (203) 
1.4 2 2.5 
2.6 2 3.8 
1.2 2.2 

8 . 6 2  5.1 (147) 
4.1 2 3.9 

15.5 2 7.0 
11.4 2 5.8 

14.8 L 6 . 3  (261) 
8.6 L 6.1 

19.7 3 5.6 
11.2 L 4.2 

4.16 

4.3 F 2.8 (120) 
3.6 & 2.5 
5.0 & 3.1 
1.7 +. 1.2 

12.1 4.7 (85) 
10.5 2 4.1 
13.1 2 5.2 
2.6 2 2.7 

17.0 L 4 . 6  (118) 
14.2 2 5 . 7  
19.9 -4.1 
5.7 k 3 . 6  

22.0 2 2.9 (120) 
19.0 +. 4.5 
23.9 2 2.4 
4.9 2 3.7 



Comparisons between the SIigh Avenue station for the USGS and the nearby WARISDI station 
6 are more difficult because of the steep vertical g m h n t s  for f i r y  at the WAR/SDI station. 
Since salinity can vary considerably over relatively mall depths. e m r  could result comparing the 
fixed probe data to a specific depth measured by WAWSDI. Regardless, the results are somewhat 
similar. Mean salinity for the USGS recorder during discharge conditions was 2.0 ppt compared 
to an average of 3.9 ppt in the top two meters at WAR/SDI station 6. Mean salinity during no- 
discharge conditions was 12.1 ppt for the USGS recorder. while the WARlSDI average during 
no-dmharge condnions was 10.5 ppt. 

The ESGS recorder at Columbus Avenue is very near WAR/SDI station 9. Again, comparison 
of the fixed probe USGS dam to a specific depth in the WAR/SDI data set is dfficult. The daily 
salinity average at the USGS recorder was 8.6 ppt d u n g  discharge conditions and 17.0 ppt dunng 
no-discharge conditions. Mean salinity at the USGS recorder at Platt St. was 14.8 ppt during 
discharge conditions, which is 6.2 ppt p a t e r  than h e  corresponding mean value at Columbus 
Ave. This relatively large difference indicates an increased role of Hillsborough Bay on salinity 
in the river near its mouth. 

An interesting pattern is seen in the daily sahity ranges &ring discharge and no-discharge 
conditions. At Sligh Avenue, there are relatively small daily variations in salinity during 
discharge conditions, as tbs station was either fresh or had very low salinity. Conversely, the 
mean range in daly salinity becomes much greater at Columbus Ave. and Platt St. during 
discharge conditions, as the freshwatedsaltwater mixing zone is located in this zone of the river 
and moves back and forth with the tides. During periods of no discharge, salinity values at these 
stations were higher and more stable. 

4.4.2 Plots of salinitv vs. flow at USGS recorders Daily values of mean and maximum salinity 
at the four USGS recorders are plotted separately vs. hscharge at the Hillsborough River dam in 
Appendut E. The same four flow variables are used as for the WAWSDI dam (sameday, prior 
3-day, &day, and I4-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 
station became consistently fresh (there were additional observations at high flows). 

The USGS plots show an interesting progression downstream that is characteristic of tidal rivers. 
The plots at Rowlett Park are nearly “L” shaped, exhibiting a wide range of salinity values during 
no-dmharge conditions that quickly change to 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 to 700 cfs range, but a more gradual curve is exhibited compared to Sligh Avenue. The 
relationship of salinity to flow at Plan St. is more linear, but very weak at flows between 0 and 
100 cfs. 

With the exception of Platt 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 
mlinity values above 14 ppt. at Sligb Ave. and values above 20 ppt at Columbus Ave. were 
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restricted to nodisccharge periods. This may inhcate that relatively small reservoir releases help 
prevent high-end s a h d e s  from occurring at these stations. Conversely, these high values during 
no-discharge periods may reflect a lack of recent rainfall. As discussed later, the highest salinity 
values during no-dirharge periods occurred after prolonged d q  periods when drect runoff 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 times of low freshwater inflows. 

Because of hfferences 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 (WARISDI and Hillsborough County EPC). The USGS data are recorded at 
15 minute intervals which were reduced for this report to produce dady mean and maximum 
values. In many cases these daily values are serially correlated, as salinity values on a number 
of successive days were related to what were largely the same antecedent condiaons. 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 study year. 

Table 4.7. Dates, flows, and mid-depth salinity values for days with 34ay flows between 
3 and 20 cfs during operation of the USGS recorder at Rowlett Park Drive. 
Flows are cubic feet per second (cfs) and salmity is parts per thousand (ppt). 

3-Day Same-Day 
Date salinitv Flow Flow 

140CT81 0.2 3.3 
150CT8 1 

1OFEB82 
1 lFEB82 
12FEB82 
13FEB82 
14FEB82 

06JUN82 
07JUN82 
08JuN82 
09JUN82 

0.3 3.3 

0.1 17.6 
0.1 13.2 
0.1 13.9 
0.1 10.2 
0.1 10.5 

0.4 4.3 
0.2 17.8 
0.1 17.8 
0.2 15.0 

0.4 
0.4 

20.0 
15.0 
6.6 
9.0 

16.0 

9.8 
42.0 

1.5 
1.5 

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 somerime prior. For example, the low salinity 
values listed for June 6* to P, 1982 were probably related to dady flows of 130 and 134 cfs that 
occurred at the beginning of that month. The daily 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 sirnation 
is not so pronounced in the WAWSDI and HCEPC data sets, as salinify readings were recorded 
approximately one month apart, thus reducing the serial correlation berween observations. 

4.4.3 Regression models of salinity and fl ow The USGS recorder data were provided to Coastal 
Environmental who developed regression equations to predxt W t y  at the Sligh and Columbus 
locations. Those results are presented in Appendix M in Coastal (1997) and in Table 4.8. Similar 
to the WAWSDI data., the regressions show a rapid response of salinity to flow at low rates of 
reservoir dscharge. Although there is serial correlation in the daily L'SGS values. we do not 
believe h s  conmbuted to any bias in the regression equations developed for the Sligh Ave. and 
Columbus Ave. smtions. 

The CSGS data at Rowlen Park did not lend itself to model development due to the unique L- 
shaped nature of the salmty flow relationhp. The amount of water that is needed to maintain 
fresh water at Rowlett Park is discussed funher in Section 4.6, where the USGS data are 
combined with the WARlSDI and Hillsborough County data at rhat sire. 

4.4.4 Dissolved oxvzea Means, standard deviations, and number of observarions for mid-depth 
DO values at the USGS recorders are listed below for discharge and no-discharge conditions at 
the Hillsborough h v e r  dam (Table 4.9). Statistics were calculated separately from daily average, 
minimum, maximum, and range values. Daily ranges in DO were calculared as the difference 
between the dady maximum and minimu. 

The results for Rowlen Park and Sligh Avenue are similar to the WARISDI 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 between 4 and 6 mgll at these stations 
during periods of dam discharge. During no-discharge condnions, however, mean values for daily 
averages were 3.5 mgil at Rowlett Park and 2.5 mg/l at Sligh Avenue. Means of daily minima 
d u n g  no-discharge condxions were 2.7 mg/l at Rowlett Park and 1.1 mg/l at Sligh Avenue. The 
means of daily ranges in DO were also 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 4.8, HCEPC water 
quality data indicate that large chlorophyll 2 and biochemical oxygen demand concentrations at 
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 conditions 
at the USGS Columbus Avenue recorder- a pattern that was not observed for nearby WAWSDI 
station 9. Mean DO values at the Plan St. recorder were slightly lower for discharge conditions 
than for no-discharge - a pattern that was observed at the nearby WAIUSDI station at Kennedy 
Blvd. Overall, 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 staudard deviation and number of observations (N) for 
daily mid-depth dissolved oxygen values at the continuous USGS recorders for 
discharge and no-discharge conditions. All values except N are expressed in 
milligrams per liter. 

Rowlett Park Dr. 
Daily D.O. averages 
Daily D.O. minima 
Daily D.O. maxima 
Daily D.O. ranges 

S l i b  Ave. 
Daily D.O. averages 
Daily D.O. minima 
Daily D.O. maxima 
Daily D.O. ranges 

Columbus Ave. 
Daily D.O. averages 
Daily D.O. minima 
Daily D.O. maxima 
Daily salinity ranges 

Platt St. 
Daily D.O. averages 
Daily D.O. minima 
Daily D.O. maxima 
Daily D.O. ranges 

Discharge No-Discharge 
Three-day flows > 2 Three -dav flows < 2 

6.0 & 1.2 (192) 3 . 7 2  1.6 (%) 
5.4 2 1.2 2.7 k 1.5 
6.6 & 1.4 5.4 & 1.9 
1.2 & 0.9 2.8 +. 1.5 

4.8 2 1.1 (175) 2.5 2 1.4 (43) 
4.1 & 1.3 1.1 1.1 
5.9 1.6 4.6 2.3 
1.8 k 1 . 5  3 . 5 2 2 . 1  

4.4 1.2 (142) 3.4+ 1.7 00) 
3.1 2 1.3 1.5 +. 1.5 
5.6 2 1.3 5.8 +. 2.0 
2.5 & 1.5 4.2 1.5 

3.0 +. 1.4 (241) 3.7+ 1.5 (91) 
1.5 & 1.4 
4.7 +. 1.9 
3.2 & 1.5 

1.8 +. 1.7 
6.3 +. 1.5 
4.5 + 1.8 
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4.4.5 Plots of dissolved oxvgen vs. flow at the CSGS stations Plots of mean ahd minimum 
DO concentration vs. flow for the four USGS recorders are presented in Appendix F. Like 
salinity. plots of daily average DO vs. flow at Rowlett Park are L-shaped but are in reverse - 
relatively small flows at the dam result in higher DO concentrations. The same-day and 3-day 
plots at this site are limited to few observations at low flows ( 2  to 30 cfs), but the plot with 8-day 
flows shows an almost linear increase in DO between 10 and 100 cfs. Similar to the WARlSDI 
plots, the 14-day flow seems to be too long to be meaningful at this station since the results do not 
closely agree with the other flow terms. Plots of minimum daily DO show that values above 4 
mgil were almost consistently observed ar flows above 40 to 50 cfs for 3-day and 8-day flows. 

Plots at Sligh 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 
immediate response to discharge as flow rates near 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 pattern in that the 
variability in DO decreased with flow to form somewhat of a wedge shaped figure. iMarked 
improvements in DO at low flows were observed around 6 cfs for same-day flows and 25 cfs for 
14-day flows. Minimum h l y  DO values generally increased with flow, with possible break- 
p in t s  around 6 cfs for same-day flow and 25 cfs for 14-day flows. Because of the distance from 
the dam, longer flow terms may be more meaningful at Columbus Avenue and other downstream 
stations compared to the upper stations (Rowlett Park and Sligh). 

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

4.5. Salinitvand Dissolved Oxwen Data from the Hillsborough Counw bnvir0 mental  
Protection Commission. 

As part of their regular monitoring network, the Hillsborough County Environmental Protection 
Commission (HCEPC) measures water quality at three locations on the Lower Hillsborough River 
mowlett Park Drive, Columbus Avenue, and Platt St). Sampling is 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. Saliniry and DO concentrations for surface (0.5 m depth), mid- 
depth and bottom waters (1 m from bottom) from the HCEPC dam base were analyzed for the 
District’s minimum flows evaluation. Salinity and DO data from the HCEPC analyzed for this 
study generally ranged from 1974 to 1995. Monthly data for mid-depth measurements began in 
1974, while data for surface and bottom water measurements began-on a regular monthlibasis 
in 1987. 
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. .  4.5.1. S W R  Means, standard deviations and the number of observations for top and botton: 
water salinity values from the HCEPC data base are listed below for discharge and noascharge 
conditions at the Hillsborough RiGer Dam. The HCEPC data are like the USGS data (and unlike 
WARISDI) in that there are more observations for dmharge conditions than for no-discharge. 
The number of observations differ between stations for both dmharge andno discharge. and there 
are more observations for mid-depth due to its longer period of record. 

Table 4.10. Means plus or minus one standard deviation and number of observations (N) for 
surface, mid-depth and bottom salinity values from the HCEPC data base for dmharge 
and no-discharge con&tions. All values except N are expressed as pans per thousand. 

Disc- Po-Dischawe 
(3-day flows > 2 cfs) (3-day flows < 2 cfs) 

ROWLETT Park Dr, 
Salmitv-surface 0.4 f 0.4 0’1) 5.0 f 3.5 (47) 
Saimity-miae 0.5 & 1.0 (170) 4.7 & 3.5 (102) 
Salinity-bottom 0.5 f 0.5 5.5 * 3.5 
Columbus Ave. 
Salinity-surface 4.0 * 3.6 (68) 15.4 f 3.7 (52) 
Salinity-middle 8.7 2 8.4 (129) 20.4 & 4.2 (76) 
Salinity-bottom 18.3 f 8.9 24.1 f 2.4 

Platt Sr. 
Salinity-surface 15.2 ? 7.5 (122) 25.0 f 4.8 (75) 
Salinity- middle 18.6 27.7 (167) 26.6 2 4.6 (98) 
Salinity-bottom 22.4 * 5.8 27.5 f 3.0 

Mean salinity values for the HCEPC station at Rowlett Park Drive are very similar to the results 
for WARlSDI and USGS data for both discharge and nodischarge conditions. Freshwater 
typically occurs at Rowlett Park when there is discharge from the dam, but sahly averages 5 ppt 
during times of no discharge. The HCEPC mean salinity values for surface and bottom waters 
at Columbus Avenue are very similar to the mean surface and 3 meter values at nearby WAWSDI 
station 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 
WARISDI data, HCEPC salinity values at Platt Street show reduced surface salinities and some 
vertical stratification during discharge periods, and more vertically homogeneous salinity values 
during no discharge. 

Surface, mid-depth, and bottom salinity values h o r n  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 at that site. 
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similar to the USGS data, the salinity response at Rowlett Park is quite abrupt, as freshwater 
conditions 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 conditions at time of sampling. It also appem that some rounding Of 

values occurred in the HCEPC data base, as salinity values of 1 .O ppt were reported in excess of 
500 cfs. 

The response of surface and mid-depth a t y  at Columbus Ave. is strongly curdhear .  Surface 
salinity values above 16 ppt were restricted to periods of no discharge, and relatively small flows 
(10 to 30 cis) seem to prevent hlgh surface s m t y  values from occurring at this station. Mid- 
depth salinity also has a cumlinear response, bur the response at low flows is more subdued as 
values above 20 ppt up to about 80 to 90 cfs. S a t y  in bottom waters is nor as responsive. and 
salinity generally remained above 20 ppt at flows up to 100 cfs 

Plots of surface s a l m t y  vs. flow at Plan St. are more curvilinear than plots using the USGS mid- 
depth probe, induxting that h t y  in the surface layer at Platt St. is more responsive to flow than 
slightly deeper wafers. Plots of same-day and 3-day flows indicate that flows in the range of 10 
to 20 cfs should keep surface s a h t y  below 25 ppt most of the time. Plots of mid-depth salinity 
show that values above 30 ppt can occur dunng no discharge, but values are more stable without 
the high values at small rate of dam discharge. Plots of bottom salinity vs. flow at Plan St. have 
considerable scatter and a generally weaker response to flow. There were more observations 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 number of observations for DO 
concentrations from the HCEPC data 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 an similar to the other two data sets as there are 
substantial differences in mean DO concentrations between discharge andno-discharge conditions. 
However, there are only slight differences (< 0.3 mg/l) in meam between discharge and no- 
dmharge conditions at Columbus Ave., whereas the means for no-discharge at Platt St. are 0.6 
to 0.9 mgll higher than the corresponding discharge means. In general, these results plus other 
sources of mformarion for the river (Metcalf and Eddy, 1983; WARISDI, 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 (N) fcr 
surface, mid-depth, and bottom water DO concentrations from the HCEPC daU bz: 
for discharge and nodischarge conditions. 

Discbarae No-discharge 
LThree-davs flows > 2 cfs) (Thre e-dav fl ows < 2cfs) 

Rowlert Park Dr. 
Dis. oxygen-surface 6.9 k 1.6 (69) 3.6 f 1.7 (49) 
Dis. oxygen-middle 6.7 1.8 (170) 4 .0+  2.8 (104) 
Dis. OXygen-bottOm 6.8 k 1.8 2.5 * 1.8 

Columbus Ave . 
Dis. oxygen-surface 5.0 2 1.7 (69) 5.2 f 1.8 (42) 
Dis. oxygen-middle 4.2 2 2.1 (133) 3 . 9 k  1.7 v8) 
Dis. oxygen-bottom 3.2 k 2.0 3.4 f 1.6 

Plan St. 
Dis. oxygen-surface 5.2 * 1.8 (101) 6.1 f 1.8 0’0) - -  
Dis. oxygen-middle 4 . 8 k  1.9 (16% 5.4+ 1.7 (98) 
Dis. oxygen-bottom 4.0 2.4 4.6 * 1.9 

Surface, middle and oottom values of DO concentrations at the HCEPC starions are plotted 
separately vs. flow at the Hillsborough River dam in Appendix H. As with szdmity, there are 
considerably more obsewations for mid-depth values at low flows. An L-shaped curve is again 
observed at Rowlett Park, with many low values recorded during no-discharge but DO showing 
a rapid positive response to small amounts of flow. The plots of mid-depth values with same-day 
and 3-day flows in&cate that flows as low as 5 to 10 cfs are effective at raising DO above 3 to 
4 mgil. Plots of 8-day and 14-day flows indicate that flows of up to 40 cfs may be needed to 
raise DO above the 4/mgll threshold, but the use of longer flow terms to assess the DO response 
at the Rowlen Park station may be questionable. Although the data are more limited, surface and 
bonom DO concentrations show similar flow relationships, indicating this site is well mixed 
during periods of discharge from the dam. 

Plots of surface DO vs. flow at 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 scaner, there was a general positive response of surface DO to flow with breakpoinm 
in the 20 to 30 cfs range for same-day and 3-day flows, and 5 to 20 cfs range for 8-day and 14- 
day flows. Mid-depth values may also inhcate a positive response to low flows, but like surface 
values the relative lack of data at low flow limits interpretation, as the greater number of values 
below 2.0 mg/l at no discharge might simply be due to the much larger number of total 
observations. Bottom DO values had a much weaker response to flow, as values less than 2 mgli 
persisted up to flows of 800 to lo00 cfs. There was no clear response of DO to flow at Plan 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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. .  sis of Combined Data to Evaluate Flows that Result in Fr& Water at 4.6  ism Ct Analv 
Rowlen Park Drive 

A question that arose from the minimum flows evaluation was what quantity of flow from the 
Hillsborough Rwer Reservoir is needed to maintain a freshwater or low &ty zone below the 
dam. To address this question, the relationship of salinity at Rowlett Park Dnve to the rate of 
discharge from the dam was given further evaluation. The salinity data base at Rowlett Park 
Drive is extensive. as this site was sampled by all three groups that collected data for the lower 
river (USGS, HCEPC, and WAR/SDI). 

The analyses presented below were conducted on the combined salinity data base for the Rowlett 
Park Drive location. Surface water salinity measurements from the HCEPC and WAR/SDI data 
sets were combined to produce a surface salimty variable. Similarly, bottom s a h t y  
measurements from these two data sets were combined to produce a bottom salinity variable. 
Daily mean salinity values from the USGS recorder, mid-depth values from the HCEPC, and the 
1-meter depth measurements from the WAWSDI data set were combined to produce amid-depth 
salmity variable. Caution should be used in combining dara from dfferent agencies, as 
differences in field meters, sampling locations, and reporting procedures can introduce error into 
the analysis. However, due to the need to evaluate relationdups of freshwater inflows to salin~ty 
at t h i s  site. combining data from the dfferent agencies was determined to be valuable. 

All totaled, there were 636 observations for mid-depth salinity and 140 observations for surface 
and bonom salinity at the Rowlett Park location in the combined data set. There are more 
observations for mid-depth salinity because it includes data from the USGS recorder and there is 
a longer period of record for mid-depth s a l ~ ~ ~ t y  in the HCEPC data than for surface or bottom. 
One factor that was discussed by the advisory group facilitated by the TBNEP was the number of 
observauons for salinity and other variables during low flows from the dam (Appendix N-1, page 
30. The TBNEP advisory group focused primarily on the WAWSDI data, with some dscussion 
of the USGS data and very little dscussion of the HCEPC data. In the combined data set (whlch 
was not evaluated by the TBNEP) there are 36 total dates having mid-depth salinity measurements 
at Rowlen Park Drive with corresponding three-day flows benveen 2 and 30 cfs. However, if 
longer average flow terms are used there are more observations in the 2 to 30 cfs range. There 
are 56 dates with salinity measurements that have 8-day flows in the 2 to 30 cfs range, and 69 
dates with salin~ty measurements that have 14-day flows in the 2 to 30 cfs range. 

Plots of surface, mid-depth, and bottom salinity at Rowlea Park vs. same-day, 3-day, &day and 
14-day flow are shown in Figures 4.2, 4.3 and 4.4, respectively. Plots are limited to flows less 
than 64l cfs so that the response to low flows can be more closely examined. These plots show 
there can be considerable variation in salinity at Rowlett Park during low flows. This may be 
partly due to tidal effects, as tide phase varied among samphg dates. On days during low 
reservoir discharge, salinity could have differed substantially between low and high tides. This 
s o m e  of variation is reduced in the USGS data because these values are daily averages. 
However, daily and seasonal variations in tides could still affect salinity &ring low flows. Also, 
there is a considerable catchment area below the dam that drains directly to the lower river (see 
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Appendix 0 and repon by HSW. 1992). Portions of this catchment basin have high percentages 
of impervious surface area and well-developed storm drainage networks. Rainfall falling on the 
catchment area below h e  dam and the resulting stomwarer runoff can have a pronounced effect 
on salinity in the lower river. 

Plots of salinity at Rowlett 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 cfs and: (2) 8-day flows between 2 and 30 
cfs. When 8-day flows were less than 2 cfs, salinity values greater than 8 ppt occurred only when 
the preceding 5-day rainfall toral was less than 0.5 inches. Conversely, when 5-day ramfall was 
greater than 4.7 inches, fresh water was observed at Rowlea Park Drive even though there was 
very little flow at the dam. Similarly, when S-day flows were between 2 and 30 cfs, s a h i t y  
values greater than 3.0 ppr were observed only when rainfall for the precedmg five days was zero. 

The effects of d a l l  should be considered when comparing the results of different studes. 
Salinity dmibutions in the Lower Hillsborough fiver predicted by a two-dimensional 
hydrodynarmc model are presented in Chapter 5.  During the caliiraaon/verification phase of &us 
modeling effort, it was found that good agreement between simulated salin~ty values and field data 
could only be obtained when the effects of rainfall and local runoff below the dam were included. 
Using the hydrodynamic model, minimum flow scenarios were evaluated assuming negligible 
rainfall in order to examine the effect of reservoir releases ciuring dry periods (see Chapter 5 and 
Appendix 0). Given negligible rainfall and a miuimum flow of 10 cfs, the model predicted an 
average salinity 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 any flow above zero 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 Rowlett Park at flows in the range of 15 
to 30 cfs. There are some exceptions to this tendency, most notably a value of 4.2 ppt salinity 
that was recorded by WAR/SDI at flows between 24 and 27 ppt. dependmg on the flow term that 
is used. 

Although the chaqe  in salinity at Rowlett Park is somewhat L-shaped, Figures 4.2 through 4.4 
suggest a hyperbolic response of salinity to flow, which is the typical pattern observedin the upper 
reaches of eSNarieS (Longley, 1994; Sklar and Browder, 1998). In order to predict salhty as a 
function of flow, regression models were developed for the flow and combined salinity data at 
Rowlett Park. Models were developed separately for the relations of 3-day and S-day flows to 
mid-depth salinity. 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 observations 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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observation was included for each series of days that appearedinterrelated with very s b d a r  values 
for salinity and flow. T h ~ s  was done only for days with flows between 1 and 50 cfs, since t h ~ s  
is where the most dramatic change in sahty  occurs. This reduced data set is referred to as the 
event-based USGS data, since only one observation is included for each flow event. The 
reductions of the daily USGS data to create the 8-day event-based data set are in Appendix I .  

Repressions were then performed separately on the combined U t y  data at Rowlett Park using 
both the event-based USGS dara and data that included the complete LTSGS daily records. For 
all models. both salinity and flow were transformed to the naolral logarithm after a constant of 
1 was added to all values. The intercept and slope parameters were significant at p <  0.001 in 
all models tested. The coefficients of derermination (r-square) for the regressions rangedbetween 
0.40 and 0.49. 

Plots of rhe data with the fitted regression lines are shown in Figure 4.6, while salinity values 
predicted from the four regressions are listed in Table 4.12. In general, there was very little 
difference between prehcted values for the event-based and daily USGS data, although the event- 
based regressions predicted slightly kugher saliniries at low flows. Also, regressions Using 3-day 
flows predicted slightly lower salinities at low flows than the regressions using 8-day flows, but 
the values were very close. Predicted &ry values at 10 cfs flow ranged from 1.0 to 1.3 ppt, 
while predicted saliniry values at 25 cfs ranged from 0.4 to 0.6 ppt. 

Table 4.12. Predicted mid-depth salinity values at Rowlctt Park for the four rzgmsions shown in 
Figure 4.6. Flows are in cubic feet per second and salinity is parts pa thousand 
Listed flows are either 3-day or 8-day flows d e p m d q  on the regression that is used 
(3A, 3B, 8A or 8B in Figure 4.6.) 

Salinity @pt) predicted by regressions 
shown in Figure 4.6 

Flow 3A 3B 8A 8B 
0 4.6 4.8 5.1 5.3 
1 3.2 3.4 3.5 3.7 
5 1.6 1.8 1.8 1.9 
10 1 .o 1.2 1.2 1.3 
15 0.7 0.9 0.9 0.9 
20 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 Ecological considerations for a fre shwater zone 

An objective of establishing a freshwater zone below the dam could be subject to certain 
qualifiers. The first is size - high dxharge rates will create a larger freshwater zone than low 
dscharge rates. Larger zones would result in a greater volume of suitable habitat for freshwater 
organisms, with corresponding increases in the abundance and productivity of those species. 
However, given the high salinity values that can occur near the dam during no dmharge 
condtion. even a small freshwater zone would represent a significant change from the existing 
condition. 

Secondly. i t  is probably not necessary for an area to be consistently below a critical salinity value 
for freshwater organisms to survive there. Freshwater fishes dffer in their salinity tolerances and 
many species can tolerate periodc exposures to braclash water (Peterson and Meador, 1994). 
S U t y  tolerances of fishes can differ with size and age, however, and the reproduction or 
recruiment of certain 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 of&en found 
in slightly brackish streams. A given minimum flow would probably result in a @ent of 
invertebrate communities, with the least salt-tolerant organisms oriented upstream toward the dam 
and more salt-tolerant organisms extending some distance downsaeam. By influencing salinity 
and the physical flow characteristics of the river below the dam, minimum flow releases could 
sigmficantly improve both the biological diversity and stability of this region of the lower river. 
At present, fresh waters occur below the dam during the wet season. During the dry season, 
however, salinity can get high enough there to cause mortality of freshwater benthic communities 
and prevent them from becoming established year-round (WAWSDI. 1995). 

Minimum flow releases could be beneficial by creating a freshwater zone below the dam that 
supports reproducing populations of invertebrates that are characteristic of the tidal freshwater 
reaches of the bay’s miutaries. Survival of these populations throughout the year would greatly 
enhance the stability of food webs below the dam and the production of higher mphic levels such 
as fish and wading birds. Furthermore. these resident freshwater populations could colonize areas 
further downstream when high flows return. At present, the initial recruiunent of freshwater 
populations below the dam must be limited to organisms washed in from the reservoir or nearby 
storm dramage networks during high flows, or possibly reiniroduced though the activities 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 af the Rowlett Park bridge. Since there is so much existing data at th is  location, and 
the station can be monitored with automafed recorders, the effects of a minimum flow could be 
compared to previous conditions to assess improvements in water qual~ty. 
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Minimum flow releases would affect the location of the zone of transition to estuarine 
communities and possibly enhance estuarine habitats by reducing the abnormally high seasod 
variations in salinity now observed in many areas. As shown in the plots of data from all three 
sources (WAR/SDI, USGS.HCEPC), the highest sahity values are recorded during periods of 
no discharge from the dam. Regressions fined to these data show that substantial reductions in 
salinity can occur at relatively low flows. Ar some locations, relatively small minimum flows 
could substantially reduce the high seasonal variability of salinity and other physicochemical 
characteristics that can cause stressful conditions for many organisms. 

4 .8  Dismct Breakmint Analysis of Streamflow/DissoIved Oxvaen Relationshim Using 
Combined Data Sets 

Coastal Environmental (1997) found sipficant relationships between discharge from the 
Hillsborough Rtver dam and the propomon of DO values in the lower river below 1, 2 and 3 
mgil. b s  relationhp, however, was not evident for the propomon of DO values below 4 and 
5 mg/l. l k s  fmding is supported by the plots presented in Appendices F, H and 1-1. in that 
some quantities of flow are very effective at raising DO above very low values, but not as 
effective at raising them above 4 or 5 mg/l. It should be noted the regressions developed by 
Coastal (1997) relied solely on the WAR/SDI data set and analyzed data from all the stations 
together. As indicated by plots of DO vs. flow for the different agencies and the mid-day DO 
regressions developed by Coastal (page 6-7), the response of DO to flow can vary markedly 
between different stations and depths in the river. Therefore, it could be informative to examine 
the proportion of low DO concentrations as a function of flow at different stations separately. 

Plots of DO vs. discharge from the three data sets ( W M S D I ,  USGS, HCEPC) frequently 
showed similar relationships when a station was sampled by more rhan one group. In order to 
better evaluate DO/flow relationships at these stations, DO data were combined from the three 
data Sets for stations ar Rowlen Park Drive, Sligh Avenue, Columbus Ave. and Platt Street. Data 
from various depths were merged as described for the combined salinity 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 St. in the WAWSDI data set 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 1-1. 
As with the separate data sets, there is a strong positive relationship between flow and DO at 
Rowlett Park, with DO values consistently over 4.0 mgll for same-day and 3-day flows greater 
than 33 and 45 cfs, respectively. Improvements in DO wirh increasing flow were also found for 
Sligh and Columbus Avenues, but at hgher breakpoints. The data at Sligh and Columbus did 
indicare that flows in the range of 5 to 20 cfs were effective at raising DO values above 2 mgfl 
at those stations. However, the potential effects of stormwater runoff below the dam on these 
reladonships were not examined. 

4.35 



Many plots from the combined dam and separate data sets show that the variability of DO at 
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. 'IC 

evaluate these patterns further, the District examined relationships between flow and the 
proportion of low DO concenuations at individual stations and sections of the lower river. T h ~ s  
was accomplished by sorting the DO measurements by their correspondmg rate of discharge and 
segregating the data into discharge classes of 10 cfs increments. Within each flow class, the 
percentage of DO values below 2 mgll and greater than 4 mgll were tallied and summarized in 
tables. The analysis was done twice. The first began with a flow class of 0 to 5 cfs and increased 
by ten (5 to 15 cfs, etc.), while the other began with a flow class of 0 to 10 cfs. The analysis 
proceeded in 10 cfs increments up 95 or 100 cfs, above which all observations were put 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 correlation 
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 pattern of higher flows 
resulting in a change in DO cfistributions. Breakpoints in the data were determined considering 
data for a given flow class and all flow classes above and below it. It is important to emphasize 
this analysis shouldbe consideredacoarse tool. Frequently, there were notnumerous observations 
in the flow classes between which breakpoints were determined. 

A summary of the breakpoint analysis is presented in Appendur 1-2. The results are grouped by 
sections of the river. In some cases, data are combined from one or more adjacent stations to 
increase the number of observations and determine if there were consistent relationships in 
different sections of the river. The numbers shown under the headings < 2 and > 4 mgll 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) is the upper limit of the lower flow class where the break occurred. The number on 
the right hand side (15 cfs) is the lower lunit of the upper flow class where the break occurred. 
In other words. a listing of 15/15 for the < 2 mgll DO column means that the 15-25 flow class 
had markedly fewer DO observations less than 2 mg/l than did the 5 to 15 class. It does not 
mean the break necessarily occurred at 15 cfs. 

I f  there were an insufficient number of observations in one or more intermediate classes the two 
listed numbers are different, such as 5/25. This means that the 25-35 class had markdly fewer 
Observations of DO less than 2 mg/l than the 0 to 5 cfs class, but there were too few observations 
between those discharge classes to define a closer b r e w i n t .  If no breakpoints were observed 
the symbol U was assigned. In most cases where U was assigned there was no clear relationship 
benveen flow and DO, at least in the flow classes examined. In some cases, however, U was 
assigned when there appeared to be a general positive relationship with flow but no clear 
breakpoints were observed. 
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The ~ m m a r y  tables presented in Appendm 1-2 show there were frequent bEalrpokB determined 
in the data. A 5 /5  or 10110 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 positive change in DO. In other Cases, 
breakpints ranging from 15 to 40 cfs were determined, indicaring that addidonid flows cOntiUUe 
to have a positive response on DO at those stations. Other breakpoints were observed at 
relatively high flows (65 to 95 cfs). Although those breakpoints may be relevant to high flow 
management on the river, minimum flows m that range would be impractical. In general, these 
analyses indicate that relatively small minimum flows could have a beneficial effect on DO 
concentrations in the river, with this effect being most pronounced in the upsmam areas. This 
corresponds to the findings of Metcalf and Eddy (1983), who concluded that continual freshwater 
releases would improve in DO concentrarions in the lower river, with the length of the river 
experiencing improvement dependent on the magnitude of the freshwater release (page 6-20). 

4.8 Relationshim o f  0th er water aualitv uaram eters to discharae from the Hillsborough 
River Reservoir 

Minrmum flow releases may 
other than salinity and DO. 
communities below the dam. 

affect water @ty parameters in the Lower Hillsborough River 
Such changes in water quality could potenmy affect biological 
The hydrobiological study by WARlSDI (1995) examined the 

response of various water quality parameters to &charge from the Hillsborough River Reservoir. 
Also. the Hillsborough County Environmental Protection Commission (HCEPC) has three regular 
monthly monitoring sites in the Lower Hillsborough River at Rowlett Park, Columbus Avenue, 
and Plan St. Relationships of water quality at the HCEPC stations to &charge from the 
Hillsborough River Reservoir are evaluated below. 

One factor that was raised during the minimum flows evaluation was the degree to which the 
Lower Hillsborough River has been affected by stormwater runoff below the dam. In response 
to these concerns, the permit r e q u d  hydrobiological study included an assessment of nument 
loadings from local stormwater to the lower Hillsborough river and Palm River (HSW, 1992). 
In 1980, a modeling study of water quality in the Lower Hillsborough River was published by 
the University of South Florida for the City of Tampa (Ross, 1980). In the early 198O's, a major 
study of the effects of stormwater runoff on water quality in the Lower Hillsborough River was 
conducted by Metcalf and Eddy (1983) as part of the National Urban Runoff Program. This 
project included biological Studies that examined the response of various organisms to stormwater 
runoff (Mote Marine Laboratory, 1984). 

4.8.1 Water Bualitv d u d e  dmharae and no-dischara e from the Hillsborough River Reservoir 

Summary statistics for selected water quality parameters measured by the HCEPC are listed in 
Appendix J-1 for discharge and no-discharge conditions. At Rowlett Park, the mean value for 
chlorophyll a for no-discharge conditions (21.7 pg/l) is three times greater than the mean for 
discharge conditions (7.2 @I). This high value for nodischarge is mfluenced by several bloom 
occurrences, but the m e d m  for no-dmharge (10.1 pgll) is also greater than the median for 
dmharge conditions my more than a factor of two. Both mean and median concentrations of 
biochemical oxygen demand (BOD) are tugher for the no-discharge conhtions. although these 
differences were not statistically tested. The high mean value for Total Suspended Solids (TSS) 
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for no discharge conditions was influenced by several very high readings, but the media Value 
for no-discharge (12 mg/l) was also considerably higher than the median for discharge conditions 
(5 mg/l). As expected. mean and medlan color values were considerably higher for hscharge 
conditions at all three stations. 

Similar to the Rowlen Park station, mean and median chlorophyll concentrations at Columbus 
Ave. were greater for no-discharge conditions. The difference is median concentrations was 
considerable - 18.1 vs. 4.9 ugll, indlcaring 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. One 
difference from Rowlen Park is that bacreriological parameters are higher for dwharge than no 
discharge conditions. Since discharge conditions occur during the wener times 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 medms for chlorophyll and BOD were close between discharge and no- 
discharge conhtions, but TSS was still elevated d u n g  no discharge conditions. As discussed 
earlier in the summary of the WAWSDI report, this probably reflects the influence of high TSS 
water from Tampa Bay. As at Columbus Ave., bacteriological parameters at Plan St. were higher 
during discharge conditions. 

4.8.2 Plots of HCEPC water aualitv uaramet ers vs. &s charge an d correlarion analvs is 

The concentrations of 13 water quallry parameters in surface waters at three HCEPC stations in 
the Lower Hillsborough River (Rowlett Park, Columbus Ave. and Plan St.) are plotted vs. 8-day 
discharge from the Hillsborough 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 product-moment correlations of these parameters with discharge 
are presented in Appendix J-3. Correlations were tested for the entire flow range (all flows) and 
flows less than 100 cfs (low flows) using log-transformed and unnansfoxmed discharge data from 
the Hillsborough h v e r  Reservoir. 

A significant negative correlation was found between pH and discharge at Plan St. This would 
be expected as river 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 correlations 
were not found, possibly due to the effect of two outliers near 600 cfs. At Rowlett Park the 
untransfoxmed data indicated a negative correlation of pH with discharge when all flows were 
analyzed, but significant positive 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 3 and BOD were highly correlated with each other (r=0.79) at Rowlett Park, 
indicating 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 W t e d  to periods of zero or 
very low dmharge from the dam. For example, of 31 total observations of chlorophyll over 25 
Pg/l at Rowlett Park, 26 occurred dumg no-discharge conditions while the remaining five 
occurred at &day flows between 3 and 11 cfs. Similar results were found for BOD. Of thirty 
total observations of BOD over 3.5 mg/l, 27 were during nodischarge conditions while the 
remaining three observations occurred at flows between 2 and 11 cfs. 

These relationships indcate that flows from the reservoir prevent high algal biomass in the region 
below the dam by increasing fludung in hs pan of the system. Based on 36 observations, 
WAR/SDI (1995) found chlorophyll 2 was negatively correlated with discharge at stations 2 
through 7 and 9, but no significant correlations were found for BOD. In the HCEPC data for 
Columbus Ave., both chlorophyll 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 chlorophyll concentrations at Columbus Ave. Similarly, hgh values of chlorophyll and BOD 
were Infrequent at Columbus Ave. if flows are greater than 60 cfs. There was considerably more 
scatter in the flow/concentration plots for Platt St., and the correlations results for chlorophyll and 
BOD were inconclusive. 

TSS were negatively correlated with discharge at the Columbus Ave. and Plan St. stations. 
Although significant (p < .05) correlations were not observed at Rowlett Park, (possibly due to 
one outlier near 400 cfs), plots indicated a general negative relationshp between TSS and 
dmharge at that station. Of twenty total observations of TSS values over 17 mg/l, seventeen 
occurred at flows less than 20 cfs. WARlSDI found that TSS was negatively correlated with 
discharge at stations 2 through 7 and 9. 

The relationshps with nutrients were mixed. Nitrate was negatively correlated with discharge at 
Rowlett Park over the entire flow range, but was positively correlated with discharge at Columbus 
and Plxt Street. These results at Columbus and Platt are not surprising, as hscharge brings new 
inorganic nitrogen into the system while at the same increasing flushing and decreasing algal 
biomass, as evidenced by negative correlations with chlorophyll 2. Large phytoplankton 
populations dunng nodischarge periods could result in low inorganic concentrations due to plant 
uptake. Total nitrogen was negatively correlated with discharge at Rowlett Park, which may 
be related to the negative correlations with chlorophyll and BOD at that site, but was positively 
correlated with discharge at Platt St. Ortho-phosphorus, but not total phosphorus, was positively 
correlated with dmharge at Rowlett Park and Columbus Avenue. 

The results for bacteriological parameters were mixed between stations and low and high flows. 
Although the large majority of very high counts of total colifonns (10,ooO to 100,MH) ~01.1100 
ml) at Rowlett Park occurred at zero discharge, there were no significant correlations with 
discharge. At Columbus Ave., high counts were also observed at zero flows with some dropoff 
at low flows (10 - 20 cfs). There was a general increase with dscharge at flows above 20 cfs, 
however, resulting in significant positive correlations with discharge for all flows and low flow 
condnions (< 100 cfs). Total colifoms were positively correlated with discharge at Platt St. 

Fecal colifom bacteria were negatively correlated with low flows at Rowlett 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 relationshp did not exist at low flows ( c 100 cfs). 
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Overall, the data indicate that minimum flow discharges will improve water quality in the upper 
reaches of the lower river by improving fluslung and reducing hgh concentrations of chlorophyll 
3, BOD, and colifoxm bacteria Even as far downstream as Columbus Ave., the data indicate that 
relatively small flows may help reduce chlorophyll concentrations. However, it is difficult tu 
determine to what extent rainfall and local runoff mfluence these relationships. For some 
observations, local runoff below the dam may have a greater effect on flushing times and w a w  
chemistry in the river than relatively small flows at rhe reservoir dam. Regardless, the analysis 
of dmhargekoncentration relationships from both the HCEPC and W W S D I  clam bases indicate 
that minimum flow releases should not result in any water quality problems in the Lower 
Hillsborough River. T h i s  corresponds with the conclusion of Ross (1980). who stated that water 
quality in the Hillsborough River is especdly vulnerable to nonpoint s o m e  runoff during periods 
when the dam is closed (page 11). Similarly, Metcalf and Eddy (1983) concluded that flows 
from the dam play a crucial 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 

5.1. Two-dimensional h v d r o b m i c  model 

A two-dimensional hydrodynamic model of the Lower Hillsborough k v e r  was developed by the 
District to further examine the response of s h t y  in the Lower Hillsborough h v e r  to inflows of 
fresh and near-fresh water. It is a laterally averaged model which includes both vertical and 
longicudnal components. The model was calibrated and verified using data recorded in 15 or 60 
minute intervals by automated instruments operated by the USGS during 1981. 1982 and 1997. 
A report that describes the development. calibration, and verification of the model is presented 
in Appendix 0. 

The verified model was used to simulate the effects of different minimum flow scenarios on 
salinity dsuibutions in the river. These scenarios included different combinations of dmharges 
from the reservoir and flows from Sulphur Springs-that could be dvened to the foot of the dam. 
Forty-five scenarios were run for the same simulation period of 18 days ending with spring tides 
to examine the effect of different flow scenarios on salinity distributions in the river. 

Outputs from the scenario n m  are presented in two forms. The first are color graphics that show 
two-dimensional s a h t y  distributions in the river for each minimum flow scenario. The other is 
a table of salinity zone volumes predicted to occur for the different flow scenarios. This table and 
the complete set of two-dimensional salinity plots are presented in Appendix 0. The table of 
wavr volumes is also shown in Table 5.1 (page 5-18), and selected two-dimensional salinity plots 
are presented in Figures 5.1 through 5.14. 

The table of water volumes was produced by averaging the model output from the last 48 hours 
of the 18-day simulations, while the nvodmensional salinity plots are instantaneous distributions 
at different times during the tidal cycle. The simulations were run with negligible rainfall to 
determine the effect of dscharges from the reservoir and Sulphur Springs on salinity distributions 
when there is no direct stormwater runoff below the dam. Although the results were taken from 
eighteen day simuladons, model outputs examined for shorter time intervals indicate these results 
are indicative of salinity dstributions after shorter periods of no rainfall (3 to 4 days). 

The verified model was also used to examine the effects of a minimum flow of 10 cfs on salinity 
distxibuuon during naturallyoccuning patterns of rainfall, dam discharges, and stormwaterrunoff. 
Three cases were studied: (1) 0 cfs 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 a 9-month period from September 1981 through June 1982. 

5.2 Sahmv & ‘mibution maDhics 

The two-dimensional color graphics an valuable for they illustrate the effect of flows from 
Sulphur Springs on salinity distributions in the river near the spring outfall. Based on recent 
water chemistry data, the salinity of water dscharging from the reservoir was set at 0.1 ppt in 
the model runs while the salinity of water discharging from Sulphur Springs was set at 1.2 ppt. 
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Under conditions of average springflow (31 cfs) andno 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 near 
the dam (5 to 6 ppt). The model also shows steep vertical salinity gradients in the river near the 
spring, which was confirmed by field measurements made during 1996 (Table 4.2) and 
measurements by WAWSDI at stations 3 and 5 (Table 4.1). 

Simulated salinity values at Rowlen 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 to 
near 6 ppt at the bottom (Figure 5.1). These values compare very well with salinity measurements 
taken at Rowlert Park Drive during conditions of no dscharge 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 s-ty at Rowlett Park was 6.5 ppt for the USGS data (n=54), 7.3 ppt for 
WAWSDI dam (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 river bottom at the foot of the dam (Figure 5.2). At 15 cfs flow from the 
reservoir, the 1 .O ppt isohaline occurs on the bottom of the river on all tides, extending about 0.8 
ldlometers downstream of the dam on low tide (Figure 5.3). Higher flows push the salt 
concenuations further downstream. At a 40 cfs release from the reservoir the 1 ppt isohaline 
ranges from about 1.5 to 2.0 ldlometers below the dam depending on the tide (Figure 5.5) At 
a 80 cfs release, the 1.0 ppt isohaline ranges from about 3 to 4 h below the dam, keeping the 
large deep area 2.5 kilometers from the dam fresh throughout the tidal cycle (Figure 5.6). For 
comparative purposes, the model was run for several minimum flows scenarios that assumed low 
(20 cfs) and high flows (40 cfs) from Sulphur Springs. Two-cllmensional plots are shown in 
Figures 5.7 through 5.10 for minimum flow releases of 10 and 20 cfs assuming low and bgh flow 
rates from the spring. 

A valuable attribute of the model was that it allowed the simulation of minimum flow scenarios 
that involve dwemng a portion of flow from Sulphur Springs to the base of the dam. Figure 5.11 
shows a minimum 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 scenario 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 conditions. 
Increasing the amount of hverted spring water to 15 cfs results in the 2 ppt isohaline appearing 
below the dam (Figure 5.12). 

Figures 5.13 shows the effect of a 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 isohaline 
extending about one-half to one kilometer below the dam depending on the tide. A scenario of 
15 cfs diverted spring water matched with an equal quantity of flow from the reservoir shows 
further downsrnam movement of the 1 ppt and 2ppt isohalines (Figure 5.14). 

TEXT CONTINUED ON PAGE 5.17 
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5.3 Predicted salinity zone volumes 

Salinity zone volumes for thirty-eight scenarios are presented in Table 5.1. The response of ten 
different salinity zones were simulated so chat comparisons could be made to the Venice System 
(Anonymous, 1959 as cited in Bulger et al., 1993) and the Bulger et al. (1993) salinity 
classification systems. The < 0.5 ppt zone was taken from the Venice System, which may be 
important to 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-Atlanuc region. 

Scenario 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 .O ppt salinity zone does not occur below the dam until the reservoir 
release is 15 cfs. To investigate whether reducing the grid size would give better resolution of 
the occurrence of fresh water, the model was re-run with smaller grid sizes near the dam (see 
discussions on page 5.2 in Appendix 0). That simulation (# 23A) resulted in a small zone (540 
cubic meters) of <0.5 ppr s h t y  water below the dam with a 10 cfs minimum flow. The 
standard grid size was run for all other scenarios. 

The volumes of low sahnity waters rapidly increase with discharge from the reservoir. For 
example, the < 0.5 s a h t y  zone increases from 540 to 20,300 cubic meters as flows at the dam 
increase from 10 to 15 cfs, then doubles again as flows increase to 20 cfs. Similarly, the < 1.0 
ppt salinity zone 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 <0.5 ppt zone again 
doubles while the < 1 .O ppt zone increases by 78 percent. 

Table 5.1 also includes results for scenarios involving diversion of Sulphur Springs water to the 
base of the dam. A &version of  10 cfs spring water with no reservoir release does not result in 
water less than 1.0 ppt below the dam, but a < 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,  tio on of 5 cf5 reservoir water creates a small< 1.0 ppt 
zone. 

The modeling results can be used to visualize what salinity disuibuuons in the lower Hdlsborough 
River would be under a different freshwater flow regime. For example, the median of estimated 
daily inflows to the Hillsborough River Reservoir for the period from 1974 to 19% 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 withdrawals from the reservoir. 
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36 1 5 I 15 
37 1 10 1 15 
3s 1 15 I l j  

16 0.0 14 161.7 214.51 503.31 357.3 410.1 1 1149.6 lW5.0I 669.8 
16 0.0 34.0 206.3 265.21 525.41 373.0 432.0) 1154.7 1622.41638.8 
16 0.0 551 250.5 314.51 5 6 4 1 1  3943 458.31 1144.0 1590.21612.3 

Table 5.1 T\vo-day atwage u.arer salinry zone volumes ( 1000 m') for various minimum flows. 



5.4 Extended simulations that include rm . fall and reservoir di%harKe records 

The minimum flow scenarios described above can be considered worst case scenarios since they 
were m assuming conditions of no ramfall. Even during periods of no dmharge from the dam, 
periodic ramfall events and resulting stormwater runoff should reduce salinity below that prehcted 
for the minimum flow alone. To evaluate how minimum flows would affect salinity under acmal 
rainfall conditions, the model was run for a nine month period from September 1981 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 Rwer which entered into the model along with 
dmharges 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 detads on the hydrologic 
variables that were used for 198 1- 1982 simulations are presented in Chapter 5 of Appendm 0. 

The model was run for three scenarios: (1) no minimum flow: (2) a 10 cfs minimum flow of water 
from the reservoir; and (3) a 10 cfs minimum flow with diversions from Sulphur Springs used to 
bring the total flow at the dam up to 10 cfs (small dam discharges were included in total 10 cfs). 
Salimty zone volumes were calculated for each of the 274 days in the nine month period. During 
this period there were periodic mscharges from the dam that occurred between periods of no flow. 
In order to examine salimty distributions during periods of periodic ramfall events but low dam 
dxcharges, a subset of 135 days was examined when recorded flows h m  the dam were less than 
10 cfs, including many no-discharge days when only small flows from dam leakage were reported. 

Daily s a h t y  zone volumes were calculated for each of three scenarios using both the 274-day and 
135-day time periods. The results of these simulations are presented in Table 5.2 and 5.3 as 
frequency distributions of s w t y  zone volumes. With the 274-day record (Table 5.2). salinity 
zone 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 5p percentile and lower, however, the Wty zone volumes differ for the 
minimum flows. For example, the 4(yh percenfile value for the <1 ppt zone for the 10 cfs 
reservoir minimum flow is over 4 times 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 hgher salinity zones (< 4 and 4-1 I 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 time there is no < lppt zone if Sulphur Springs is used to 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 results are much more similar between the two minimum flow sources. 
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Table 5.2. Frequency dismbutions of daily averqe  water volume (in IOOOmj) for various 
salinity ranges in the Lower Hillsborough River with 0 cfs minimum. 10 cfs minimum flow 
from the reservoir. and 10 cfs minimum flow from Sulphur Springs isample size274 days). 
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0 I 0.00 1 0.00 I 0.00 I 0.00 I 14528 
10 cfs Minimum F l o w  From the Roaenroir 

Table 5.3. Frquency distributions of dai ly  average water volume (in IOOOm’) for various 
salinity ranges in the river with 0 cfs minimum flo\v (MF), 10 cfs iviF from the reservoir, 
and 10 cfs iviF from Sulphur Springs (sample size: 135 days of < 10 cfs recorded flow). 
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6. SUMMARY A N D  DETERMINATION OF THE ADOPTED MINIMUM FLOW 

6. I Minimum flows amroach for the Lower Hillsborouoh River 

The watershed. channel. and natural systems of the Lower Hillsborough Wver have experienced 
extensive changes and structural alterations. Sipficant hydrologic functions of the resource, such 
as those provided by intemdal 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 upstream movement of fishes past that point in the river channel. There 
are, however, important ecologcal communities and natural resource values associated with the 
Lower Hillsborough Rwer. Accordingly, the District’s determination of minimum flows for the 
Lower Hillsborough River was based on the loss of h~storical hydrologic functions, the existing 
changes and alterations along the river and its watershed, and the dependence of viable ecological 
communities downstream of the dam on flows from the Hillsborough k v e r  and Sulphur Spnngs. 

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

5.2 E cological cbaractenacs of cow ern 
. .  

Although it is highly modified, the Lower Hillsborough River mpports valuable communities of 
both freshwater and ermarine organisms. After reviewing data for the lower river, the m b h u m  
flows advisory group facilitated by the Tampa Bay National Estuary Program concluded that 
salinity and dissolved oxygen are critical water @ty variables affecting the abundance and 
distributions of organisms in the Lower Hillsborough River. Accordu@y, two of the group’s 
recommendations dealt with salinity regimes needed to provide for both freshwater and estuarine 
dependent organisms below the dam @age 3.3). A key element of these recommendations was 
that a bshwater Lone would help optimize utilization of the lower river by estuarine dependent 
fishes and also provide a refuge for freshwater organisms in the dry season. Freshwater was 
defined by the group as having salinity values below 0.5 ppt 

The District concurs that maintaining a freshwater zone is an important management objective 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 rolerate periodic exposures to slightly brackish water. Also, the size and 
location of the hshwater zone will be importaut, and additional information is needed on how 
different organisms respond to the dismbution 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 dmolved oxygen concentrations should be a minimum of 4.0 mg/l and a d a y  average 
of 5.0 mg/l. As described in this report, there are many locations in the river where flow releases 
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are effective at raising DO concentrations above 2.0 or 3.0 mg/l. but not at raising them above 
4.0 mg/l or 5.0 rng/l. The District suggests that where the 4.0 or 5.0 mgll thresholds can not be 
feasiblely met. important ecological gains may be achieved by raising DO values at lower 
concentrations. Future studies of the lower river in suppon of the minimum flows re-evaluation 
will examine how the biota of the river respond LO improvemenrs in DO that resulr from 
implementation of a minimum flow. 

The advisory group also recommended the Dismct evaluate other ecological issues related to 
freshwater flow management, including impacts to manatees and changes in water quality related 
to dwerting a pomon of the Sulphur Springs dmharge. Impacts to manatees will be evaluated 
as part of the establishment of minimum flows for Sulphur Springs, whch 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  Sallnitv 

The results presented in this report and Coastal (1997) indicate the salinity regime of the Lower 
Hillsborough River is very responsive to freshwater innows. Therefore, minimum flow releases 
could result in pronounced changes in the salinity regime of the lower river, especially the reach 
between the dam and Sulphur Springs. During periods of no flow from the reservoir spillway, 
salinity at the Rowlett Park smion averages about 5 to 6 ppt with values occasionally reachmg as 
high as 11 to 12 ppt. Salinity values h s  high are unsuitable for the freshwater organisms that 
become established below the dam in the wet season. On many days durmg no-flow conditions, 
the Rowlett Park site would not even be classified as oligohaline (0 to 5 ppt) using the Venice 
Estuarine Classification System. 

Relatively small minimum flows could dramatically reduce salinity values at the Rowlett Park 
station. Regressions of flow on salinity at Rowlett Park presented in this report predict salinity 
values of 1.0 to 1.3 ppt at that station with aminimum flow of 10 cfs. Scatter plots of the data, 
however, indicate salinity would s t i l l  vary at Rowlett Park with a 10 cfs minimum flow, due 
apparently to the effects of tides and antexedent rainfall. As flows from the dam increase, salinity 
at the Rowlett Park station becomes less variable and graduaUy approaches freshwater conditions. 
At flows of about 15 to 30 cfs, it appears waters released from the dam become more effective 
at dqlacing brackish waters at Rowlett Park that move upmeam on incoming tides. Salinity 
values of 0.4 to 0.6 ppt are prerhcted at the Rowlett Park station 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 WAWSDI 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 curdme ar, with changes in salinity most respansive at low flows. For example, 
the average chauges in meted surface salinities at WAWSDI Stations 3 thought 10 are: 1.25 
ppt as flows increase from 0 to 10 cfs, 0.92 ppt as flows increase from 10 to 20 cfs, and 0.74 ppt 
as flows increase from 20 to 30 cfs. As described on page 4.12, these regression analyses 
indicate that minimum flows in the range of 10 to 20 cfs could substantially reduce *ty in the 
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river reach above Sulphur Springs. By decreasing salinity in the brackish reaches of the river. 
minimum flows could result in the downstream expansion of ecologically imponant low and 
medium salinity zones thus making them more available for use by estuarine dependent fishes. 

Examination of the relationships of saliniry and flow from the three data sources (WAR!SDI, 
HCEPC, USGS) shows that wide ranges of salinity occur at different stations in the river during 
no-flow conditions, presumably due to variations in rainfall and stormwater runoff below the dam. 
These data indcate that flows as small as 10 to 20 cfs from the dam can markedly reduce the 
maximum s a h t y  values that occur at these stadons. By reducing the maximum salinity values 
that occur in the river, minimum flows could help alleviate the upstream movement of low and 
medium salinity zones that occur during prolonged dry periods. 

The hydrodynamic model developed by the Dismct also indicates that dramatic changes in the 
saliniry regime of the lower river can occur at relatively low minimum flows (10 to 30 cfs). 
Minimum flows are particularly effective at increasjng in the volumes of fresh (< 0.5 ppt) and 
near-fresh (< 1.5 ppt) waters below the dam (see -&on 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 hydrodymmc model allowed the assessment of minimum flow scenarios that involve 
diverting a portion of water from Sulphur Springs to the base of the dam. Compared to the 
release of river water from the reservoir, diversions from Sulphur Springs were not as effective 
at increasing the volumes of waters less than 1.0 ppt, due to the spring water having a salinity of 
1.2 ppt. Differences between 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 salinity will be limited to above the sprhg 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 density stratification, since spring waters diverted to the base of the 
dam should be well mixed with the tidal river water. 

5.3 Rl ‘ssolved O ~ ~ K C X I  ( DO) Summary 

This report and other studies of the Lower Hillsborough River (Metcalf and Eddy, 1983; 
WAR/SDI, 1995; Coastal, 1997) have found positive relationships between flows from the dirm 
and DO concenmtions 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 concentnuions Cturing periods of no 
discharge from the dam. This is similar to the findings of Metcalf and Eddy (1983). who found 
that DO Concentrations in the river were related to freshwater inflows and the absence of flows 
from the dam tend to re-duce 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 during times of low freshwater inflows when the estuary is insufficiently flushed. 

Overall, the studies conducted to date indicate that the implementation of minimum flows will 
have a benefic& effect on DO concentrations in at least some portions of the Lower Hillsborough 
River. Although positive relationships between DO concentrations in the lower river and flow 
from the dam are evident, estimating 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 findmgs of Metcalf and Eddy (1983). who 
concluded that conrinual releases of waterfrom the dam would improve DO concentrations in the 
lower river with the length of the river experienclng improvement dependent on the magnitude 
of the freshwater release. However, it is difficult with the existing data to determine over what 
length of river substantial improvements in DO can be expected. For example, Rowlett Park is 
the only station with extensive data in the first three miles of river below the dam. More limited 
data at WAWSDI Station 3 (mile 1.6) indicate a positive response of DO to flow, but low DO 
concentrations may persist at that station at flows as high as 30 to 40 cfs. Although general 
improvements of DO in the lower river with increased flows are expected, it is difficult to 
determine the length of river where significant improvements in DO should occur ar flows 
between 10 and 50 cfs. 

At t€us juncture, the Distnct suggests the further evaluation of the effects of minimum flows on 
DO concentmions in the lower river should involve the implementation of a minimum flow and 
monitoring of the response. Implementation of a minimum flow will allow eXaminafion of DO 
concentrations under a flow regime which has not yet been observed - a low but constant inflow 
of fresh or near-fresh wafer in the dry season. Also, the minimum flow waters will be fully 
aerated before discharge to the lower river, which might produce results not observed in the 
existing data. The sampling regime for the monitoring plan should have high spatial and temporal 
resolution in the reaches below the dam. C o n h o u s  recorders should be used to the greatest 
extent possible so that DO values are collected frequenlly over diurnal and seasonal cycles. 
Fmally, test releases should be conducted 50 that different minimum flows can be evahmed It 
is intended that the design and objectives of such a program wilI be carefully established before 
the monitoring plan is implemented so thar the effects of the minimum flow can be most 
effectively evaluated 

. .  
6.4 Deterahan ‘on of the rrrrmmum flo 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 Hillsborough River 
Reservoir dam as measured at the Rowlett Park Bridge station. This minimum flow should 
provide immediate improvements to the ecological characteristics of the Lower Hillsborough 
River, particularly in rhe reaches immediately below the dam. 

Because the exisring data base for the river during low flows is limited, the District and the City 
of Tampa shall commence a study to reevaluate the minimum flow for the Lower Hillsborough 
River once it has been implemented. The work plan and study shall commence before October 
1, 1999. The study is to be completed by December 31, 2005, unless a extension of time is 
mutually agreed to by the City and the District. If the study demonsuates the need for revisions 
to the minimum flow, the District shall revise the minimum flow. 
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Appendix C 
(Appendices begin with Appendix C) 

Plots of salinity at the WAWSDI stations vs. discharge from the 
HiIIsborough River Reservoir. A I I  depths are shown. Units are 
parts per thousand for salinity and cfs for discharge. 
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APPENDIX D 

. Plots of dissolved oxygen at the WA€USDI stations vs. discharge 

are mg/l for dissolved oxygen and cfs for discharge). 

I 
t from the Hillsborough River Reservoir. (All depths are shown. Units 
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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. 

r lots of daily average and daily minimum dissolved oxygen 
concentrations at the USGS recorders vs. discharge from the 

Hillsborough hve r  Reservoir. (Recorders are mid-depth. Units are 
mg/l for dissolved oxygen and cfs for &charge). 
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I 
I 
t APPENDIX G 

Plots of surface, mid-depth and bottom salinity at the HCEPC stations 
vs. discharge from the Hdlsborough River Reservoir. (Units are parts 
per thousand for salinity and cfs for discharge). 
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1 
1 APPENDIX H 

Plots of surface, mid-depth and bottom dissolved oxygen 
concentrations at the HCEPC stations vs. discharge from the 

and cfs for discharge). 
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Hillsborough River Reservoir. (Units are mg/l for dissolved oxygen 
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Reductions of USGS mid-depth salinity data at 
Rowlett Park Drive to produce event-based salinity data. 
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Data reductions to create data base with event-based 8-day flows far the USGS recorder at 
Rowlett Park. Reductions were perfored on those dares with 8-day flows between 1 and 50 cfs. 
Dates highlighted in bold were removed from the dara base. Dates nor in bold were retained. 

Date 8-day Same-day Salinity 
Flow Flow 

140CTSl 23.59 0.4 0.2 
ljOCT81 23.59 0.4 0.3 

160CT81 14.14 0.4 0.5 

170CT81 8.19 0.4 0.8 

180CTS1 1.49 0.4 1.4 
190CT81 1.49 0.4 1 .o 
200CT81 1.49 0.4 0.8 

01JAN82 10.90 81.0 1 .o 

02JAN82 31.94 169.0 0.4 

08FEB82 49.88 28.0 0.1 

09FEB82 38.71 4.7 0.1 

IOFEBS2 31.84 20.0 0.1 

11FEB82 29.09 15.0 0.1 
12FEB82 24.04 6.6 0.1 
13FEB82 20.04 9.0 0.1 

14FEB82 17.16 16.0 0.1 
lIFEBS2 18.66 50.0 0.1 

16FEBS2 j4.66 156.0 0.1 

0 2 M Y S 2  42.88 1.6 0.2 
. --. 

03MAY82 34.83 1.6 0.7 

04MAY82 21.15 1.6 1.4 
05MAY82 21.18 1.6 1.6 
06MAY82 21.20 1.6 2.1 
07MAY82 10.40 1.6 3.3 



08MAY82 1.60 
09MAY82 1.60 
10MAY82 1.60 

12MAY82 1.60 
13MAY82 1.60 
14MAY82 1.60 
15MAY82 1.60 
16MAY82 1.60 
17MAY82 1.60 
18iMAY82 1.60 
19MAY82 1.60 
20MAY82 1.60 
2lMAY82 1.60 
22MAY82 1.60 
231MAY82 1.59 
24MAY82 1.58 
25MAY82 1.56 
26MAY82 1.55 
2'7IMAY82 1.54 
28MAY82 1.53 
29MAY82 1.51 
3OiMAY82 1.50 
31MAY82 1.50 

lliMAY82 1.60 

OlJUN82 17.56 
02JUN82 17.56 

03JUN82 34.13 
04JUN82 34.13 
05JUN82 34.13 
06JUN82 35.16 

07JUN82 40.23 
08JUN82 40.23 

09JUN82 24.16' 
IOJUN82 24.16 

llJUN82 7.60 
1ZJUN82 7.60 
l3JUN82 7.60 
14JLW82 6.56 

1.6 
1.6 
1.6 
1.6 
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 
1.5 
1.5 
1.5 
1.5 
1.5 

130.0 
1.5 

134.0 
1.5 
1.5 
9.8 

42.0 
1.5 

-1.5 
1.5 

1.5 
1.5 
1.5 
1.5 

3.8 
3.4 
3.1 

3.0 
3.4 
3.7 
4.2 
4.7 
4.6 
3.7 
3.6 
3.8 
4.0 
4.3 
4.4 
3.9 
3.3 
3.0 
2.3 
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 .o 
1.2 

I 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
I 
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15Jt’NSZ 
16JUN82 
17lLN82. 
18JUN82 
1 9 r n 8 2  
20JUN82 
21JzlX82 
2 m s 2  

24JUN82 

1.50 1.5 
1.49 1.4 
I .46 1.3 
1.43 1.2 
1.38 1.1 
1.30 0.9 
1.21 0.8 
1.11 0.7 

24.33 188.0 

c 

A - 3  

1.0 
0.7 
0.7 
0.0 
0.1 
0.1 
0.1 
0.2 

0.1 



APPENDM 1-1 

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 1-2 

Results of Dismct breakpoint analysis of dissolved oxygeddkchrge 
relationships in the Lower Hillsborough River. 
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APPENDIX J-1 

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

Hillsborough River 
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APPENDIX 5-2 

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 



PH 

Tdidi ty  

Color 

HiIlsRatRowleetParkJh 

ALL OBSERVATIONS 

RELS lOrlO(RELB) 

- 0 3  4.01 
0.004 0.941 

118 118 

4.05 4.10 
0.413 0.079 

286 286 

0.73 0.79 
<0.001 <0.001 

286 286 

-023 439 
<0.001 <0.001 

280 280 

4.25 4.44 
<0.001 <0.001 

285 285 

' -0.10 4.20 
0.370 0.072 

81 81 

4.u 4.19 
0.041 0.001 

287 287 

4.04 421 
0.478 <0.001 
Zl8 Zl8 

038 0.14 
0.Ou) 0.245 

71 71 

0.01 4.07 
0.917 0.225 

286 286 

0 . V '  4.02 
0.752 0.657 

285 285 

-0.02 4.04 
0.786 0.485 

280 280 

0.66 0.26 
0 . m  0.414 

12 12 

RELB<=lOOCFS 

RELB WOfRELB) 

0 3 9  037 
0.001 0.001 

75 75 

4.07 -0.08 
0.381 0.2% 

168 168 

0.44 0.53 
<0.001 <0.001 

169 169 

423 4.28 
0.004 <0.001 

162 162 

-02a 431 
<0.001 <0.001 

168 168 

4.13 -0.15 
0.359 0.314 

50 50 

4.09 4.05 
0.268 0.535 

169 169 

431 4.25 
0.007 0.032 

163 163 

4.07 4.03 
0.637 0.839 

46 46 

4.07 4.09 
0.366 0.237 

169 169 

-0.06 4.13 
0.476 0.100 

167 167 

4.17 4.16 
0.028 0.037 

165 165 

4.29 4.47 
0.579 0.349 
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PH 

Turbidity 

Color 

Chlorophyll a 

BOD 

TSS 

N i m  

Total N 

onho P 

Total P 

loglO(tOal&) 

log10 (fecal foliform) 

lWl0 (fispl srrcp) 

EUk R at Cdumlns Ave 

ALL OBSERVATIONS 

RELIl MWRELS) 
4.06 4.14 
0.529 0.120 

123 123 

4 . M  4.12 
0.433 0.065 
219 219 

0.81 0.11 
<0.001 <0.001 

218 218 

427 432 
<0.001 <o.w1 

213 213 

430 4.43 
co.001 <0.001 

219 219 

4.25 4.66 
0.201 <0.001 

28 28 

0.17 0.46 
0.012 <0.001 
219 219 

0.02 0.04 
0.745 0.579 
219 219 

0.35 0.40 
0.001 <0.001 
m 87 

0.07 4.05 
0.298 0.431 
219 219 

' 0 9 -  037 
0.001 <o.w1 
219 219 

0.26 0.33 
<0.001 <0.001 

219 219 

030 023 
0.003 0.001 
219 219 

REL8< =100 m 
RELB loglo-) 

-0.08 -0.13 
0.468 0.244 

80 Bo 
4.03 0.02 
0.747 0.804 

127 127 

0.33 8.40 
<0.001 <0.001 

I27 127 

4.07 0.05 
0.414 0.585 
121 121 

4.17 -0.08 
0.049 0.367 
in 127 

4 s  4.55 
0.038 0.024 

17 17 

0.31 036  
<0.001 <0.001 

127 127 

0.10 0.11 
0.258 0.227 
127 in 
0.01 0.13 
0.960 0.334 

54 54 

4.07 0.04 
0.414 0.690 

I27 127 

0.19 0.15 
0.035 0.099 
I27 127 

0.00 4.02 
0.957 0.832 
127 127 

-0.08 -0.05 
0.344 0.598 
127 127 
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ALL OBSERVATIONS 

RELa bg” 

4 5 5  427 
<0.001 <0.001 

168 168 

0.15 0.08 
0.011 0.179 
274 n4 

Obo 0.61 
<0.001 <0.001 

267 267 

4.19 4.08 
0.m 0.197 
275 275 

-0.12 4.u 
0.056 0.030 
275 275 

433 4.45 
0.006 <0.001 

66 66 

0 3 3  0 3 6  
<0.001 <0.001 

273 273 

037 0 3 1  
<0.001 0.001 

262 262 

4.01 -0.01 
0.949 0.878 
147 147 

0.04 4.02 
0.529 0.745 
267 267 

03r- 035 
<0.001 <0.001 

274 274 

037 035 
<0.001 <0.001 

270 270 

027 031 
<0.001 0.006 

176 I76 

J - 3  3 

W C  =loo m 
REL8 ~ o g l o o  

432 4.29 
0.026 0.003 
105 105 

0.00 4.01 
0.982 0.849 
170 170 

0.27 037 
0.001 <0.001 
166 166 

0.13 0.05 
0.092 0.494 
170 170 

0.02 -0.05 
0.785 0.524 
170 170 

4.47 452 
0.002 0.001 
41 41 

0.21 0.17 
0.007 0.030 
169 169 

0.09 0.10 
0.273 0.198 

162 162 

0.05 0.09 
0.620 0.3% 

92 92 

0.01 4.02 

164 164 

6.18 022 
0.017 0.004 
169 169 

0.03 0.10 
0.728 0.1% 
166 166 

4.00 0.08 
0.997 0.409 

110 110 

0.881 0.772 
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MEMORANDUM 

TO: Dave Moore 
Southwest Florida Water Management Disuict 

~ 

Holly Greening 
Senior Scientist 

FROM: Richard Eckenrod 
Director 

DATE: July 10. 1997 

cc: Minimum Flow Advisory Group 

SUBJECT: Final Minimum Flows Advisory Group Recommendations \ 

On behalf of the Advisory Group, attached are final recommendations of the Hillsborough River 
and Palm Rivernampa Bypass Canal Minimum Flows Advisory Group, for thc District's 
consideration in preparing minimum flow rules for these systems. The final rccommutdations 
include revisions to the draft final recommendations suggested by several Group mcmbm. 

The Tampa Bay National Estuary Program staff is pleased to have assisfed with facilitation of this 
very competent Advisory Group, and believe that the final recommendations reflect Lht Group's 
strong technical review and corsemus. If you have questions about the recommendations, please 
contact us at 893-2765. --. 

N-/ . 
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EIILLSBOROUGH RNER AND PALM RIVEWTBc 
MINIMUM FLOW ADVISORY GROUP 

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

Advisory Group Objectives and Issues 
The Southwcsr Florida Water Management Disuict requested the Tampa Bay National Estuary 
Program (TBNEF') to convene a technical advisory p u p  to provide rccommcndations for 
tcological criteria for scning minimum flows of tht Hillsborough and PalmlTBC systuns. The 
Advisory G m p  WBS initially c o n v e d  in October 1996 and met approximately monthly through 
May 1997. The Group's objective as d e f d  at the initial meeting was subsequcdy clarified as 
follows: 

Provide tecbnically sound mrnmendations to SWFWhD staff for identifying a d  
evaluating the m r  RSOU~CCS and t c o l o ~  uitcria ncassary to establish minimum flows 
on tht Hillhrough River downsueam of the dam and on the Palm RivalTampa B p  
Canal downsveam of Suucture 160. 

The Advisory Group was not asked by the District to recommend wbat would constitute 
'significantly harmful" withdrawals, as thar term is used in Sec. 373.042, Florida Statutes. 

The primary issues defincd at the initial meeting were: 

1. 
2. 
3. 

Low-saliniry habitats in each of the river systems 
Low levels of dissolved oxygen (hypoxia) 
'Truncated" salinity regime on the Palm RiverlTBC 

\ 

A Habitat Subcommittee and a Dissolved Oxygen Subcommittee were f o d  to address thesc 
issues. The Advisory Group or its Subcommittees met eleven rimes between October 16. 19% 
and May 27, 1997. A summary of findings and recommendations of thc Advisory Group follows. 
Comments by parucipants and opposing views (where voiced) are also noted. 

Advisory Group F'articipating Entities 
The following entities participated on tht Advisory Group 4 subcommittees. 

West Corn Regional Water Supply Authority 
Southwest Florida Water Management Disuict 
USF Marinc Science Dcpanment 
City of Tampa W e r  Dtpanmcnt 
City of Tampa Stormwarn Department 
City of Tampa Saniiary Sewers 

--. 

1 
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Tampa BayWatch 
Palm River Managemn! Committee 
EPC of Hillsborough Comty 
U.S. Fish a d  Wildlife Service 
FDEP Florida Marine Research lnsiiiute 
FDEP Water Su~darris 
U.S. Geological Survey 
Florida Game and Freshwater Fish Commission 
National Audubon Society Flor'.da Coastal lslands Sanctuary 
Manatee County Planning Dcpamnmt 
Manatat County Warn Depanment 
Concerned citiztn - Escape 
NOAA National Marine Fisheries Service 
The Plammg Commission 
Hillsborough River Greenways Task Fom 
FDEP Hillsborough River Ecosysttm Management 
Mote M a r k  Laboratory 
ASHORE Civic Group 
Hillsborough River Interlocal Plamng Board 
Technical Advisory Committee to Hillsborough River Board 
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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 t . ,  freshwater to greater than 18 parts per thousand @pt) of 
salinity). Many emarinc fish species have a b u n d m  peaks at salinities lcss than 18 ppt. 
often much less. 

2. Nmkn of fish speciesand aburdarrcs of fishes in& esfuarinc reaches of the mhtaries J 
in this region tend to be reducd at dissolved oxygen levels lcss than 4.0 milligrams per 
liter (mgn). 

'Ihe H ~ r c u g b  River below thc dam offers limited opportunity for shoreline vegerative 
habitat restomtion. A visual shoreline survey estimated approximately 4.070 l k a r  feet 1 
(3.3 acres) of potentially rrsrp@ble habitat. The majority of the shorelint iS hardened or 
has very steep banks unsuitable for vegetative habitat crmriodrestoration. 

Thc Palm Rivtr/TBC klow Structurr 160 also offers minimum oppomrnity for vegetative 
habitat undcr irS present condition. Maintaining a complete salinity gradient and meeting 
dissolved oxygen criteria/gaals may not be feasible using flow mnagement on thc Palm 
RivermC. However. the potential for considerable habitat creation exists on publicly- 
owned lands, but would require major physical alteradom of the anal and shoreline. 

3. 

4. 

2 
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Several options have been suggcsud, and the Hillsborough River Basin Board has a g d  
to act as the local sponsor of a study by the Corps of Engineers examining the feasibility 
of tilling the deep area of the river. 

The Advisory Group utilized several analytical twls 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 
Enviromncntal), the 2dimmSional, 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 
recopzed  when evaluating their results relative to the salinity and dissolved oxygen 
criteria. Primary limitations of the tools arc: 1) vcry little data on salinity and dissolved 
oxygen are available for low-flow Conditions (bcwcn 1 cfs and 30 cfs) at any point along 
the Hillsborough River downstram of tht dam; and 2) although statistically significant 
regmsions were derived for dissolved oxygen and flow at various locations m the river, 
thes rrgrrsSions generally had low coefficients of determination (? values). Thc use of 
thest regressions for predictive purposes is not recommended. 

5. 

Comments from NEP staff and comultm (Comal Enrirommal): Due to the 
deficiency of low-flow data, the NEP staff finds that the empirical model catmot 
be usd to reliably predict salinity levels in the river nor changes in salinity-basd 
habitat d m  to dam releases when flows are greater than 0 cfs and less than 30 cfs. 
Similarly, thc empirical models cannot 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 
river. 

\ 

NEP staff also feels that the advisory group had insufficient opportunity to fully 
evaluate the rrliability of the 2-D modd in predicting salinity changes as a fundion of 
darn release and Sulfur Spring discharge. NEP staff cautions the District not to d y  
heavily on the model results until after its performance has bem adequatdy verified, 
especially for low flow conditions at locations between the dam and Sulfur Spring. 

NEP staff recommends that the limitations of these tools and methods should be 

Collection of additio,nal-s!inity and dissolved orrygen data downstrwm of the dam. 
at low flow conditions could bc valuable for improving the predictive capabilities 
of the models. 

made clear to policy makm when prrsmting rcsults and making recommendati Om. 
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Hillsborough River Reconunenddtions 

1. Defm ecological criilrria or gods for dissolved oxygen coiicenrralions in rhe Hillsborough 
River as a miniinurn 01’4.0 ing/t and average of 5.0 mg/l for optimizing f&i utilization. 

anas in the river wherc dissolvcd oxygen is less than 4.0 mgll. 

“optimizing fish utiliza~ion” misrepresented the inrent of the statement, and that 
“enhancing” IW): be a niore appropriate term. Others did not share the samc 
concern. 

2. Maintain a salinity gradient from the eswary to the dam ranging from plyhalint (> 18 
ppt) to fresh (C0.S ppt), ID optimize estuarincdependent fA spccies utilization. 

Maintain a freshwater segment below the dani to provide a refuge for freshwater biota. 1 3. 

Commeru: Some members of the Grwp qucstioncd the ecological value of 
mainmining freshwater biota klow the dam. Although many members agreed that 
maintaining freshwater biota below thc dam could bc of value to the ecological 
integrity of the system. the Group did not reach full consensus on this issue. 

4. Evaluate other ecological issues and analytical tools related to freshwater flow 
management, including impacts on manafecs and changes in water quality related to 

Tea the reliability of the management tools through a series of controlled releases o f t  
frcshwater from the mervoir. Commencement of this work should be contingent upon 
a dr ‘on by SWFWMD and thc City of Tampa of thc need for a conrrolled release 

diverting a portion of the Sulfur Springs discharge. \ 

5 .  

. 
experiment. 

Addirional informarion from the Disfrict: The District has initiated new dafa 
collection on the river, including three cominuous salinity recorders operated by 
the USGS and periodic boat measuremcrus above Sligh Avenue. nKse dam arc 
being used for addiuonal verification rum of rhe District’s deterministic model. 

. --. 
Palm River/TBC Recommendations 1 

I 
I 

1. Minimum flows on the Palm River/TBC should be set based on existing physical 
copditions of thc water course. However, the minimum flows shwld be reevaluated o m  
feasibility of filling deep areas of the river downstream of Structure 160. or other habitat 
creation options, has been established. 

4 



APPENDIX N-2 

Chronological meeting summary of the Tampa Bay National Estuary 
Program Minimum Flows Advisory Group for the Lower 

Hillsborough River and the Tampa Bypass Canal. 

-.. 



wsborougb River System Minimum Flow Advisory Group 
Meeting Summaries 
through May, 1997 

In October, 1996, The Southwest Florida Water Management Distrjct requested that the Tampa 
:Bay National Estuary Program (TBNEP) convene a technicaLadvisory goup to provide 
recommendations for criteria for setting minimum flows of the Hillsborough and PalmTampa 
Bypass Canal systems The followvlg is a chronological summary of meetings held by the 
Advisory Group to develop recommendations to the m a .  

October 16,1997 
The finr meeting was held on October 16,1996, at which the Advisory Group adopted the 
following objeaiVe: 

Provide technically sound recommendations for determining ecological criteria necessary 
to set minimum flows to protect and resore riverindestuarine habicau downmeam of the 
Hillsborough River dam and Structure 160 on the Palm RiverITampa Bypass canal. 

Following a background presemation of ecological mformaton available from recently completed 
mdies on the two systems, the Advisory Group defined tht following primary h e S :  

1. 
2. 
3 .  

Low salinity habitats in each of the rivcr systems 
Low levels of dissolved oxygen olypoxia) 
"Truncated" salinity regime on the Palm River/TE3C 

December 13, 1996 
The second meting of the Minimum Flow Advisory Group was held on December 13.19%. 
The objective of the second meeting was to definc the process to be wd for each of the issues 
defined above. TBNEP staff facilitattd discussion and agreement by thc Advisory Group of 
the following seps for defming ecological criteria for low-salinity habitat and for dissolved 
oxygen as follows. 

Low-salinity Habitat 

1. Asscss oppo~~nities for rcsto&/crrating low-sallarty habitat (< 20 ppt) in the 
HillsborougWPalm systtms and thmughwt Hillsborough Bay. Identify the most 
feasible opportunities. Compare opportunities in the two river systems with overall 
TBNEP Hillsborough Bay mration/mation target (68 acres of low-glinity habitat). 
Considcr l i  feet of habitat restored in addition to areal cxtmt. Habitat 
rrstoration/crration opportunities may k~lude the following: 

1 
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Informarion sources: WAR data 

4. If existing discharge does not meet criuria, dcfmc options for rcachhg D.O. 

sources of freshwater mflow, and othcr management options for incrcaslng D.O. 
conccnnations. Include combinations of options for =hug criuria. 

NEP and Advisory Group 

existing knowledge and information 

rquircmcnts. Include flow management from existing ScNcILuCs, othcr pOImial 

Reqwnsible panies: 
When: InitiateinMarch 
i n f o m i o n  sources: 

A D.O. Subcommitlee was formed to assist with thc process and review results. 

Tom Cardinale 
Sid Flanmry 
Maqorie Guillory 
Emsr Peebles 
Yvonne Stoker 
Mike Coares 
Bob Musser 
Charles Kovach 
Gerold Morrison 

D.O. Subcommittee of the 
Minimum Flows Advisory Group 

HCEPC 
SWFWMD 
Ciry of Tampa 
USF 
USGS 
WCRWSA 
Tampa Baywatch 
FDEP 
SWFWMD-SWIM 
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Tom Cardinale of EPCHC presented recommendations of the Palm River Committee for 
consideration by ttuS Advisory Group. The Palm River CommiUce. which has k e n  meeting 
for almost 10 years, recommends that an option for strong considcrarion is to fa in the deeper 
dredged areas immediately downsacam of Structure 160, for both anticipated water quality and 
habitat improvemenrs. 

February 3,1997 Subcommmee . meetingsummary 

Both Subcommittees reviewed data and GIS maps compiled and presented by Coastal 
EnviroummaI for TBNEP, whch cons& of the follo.wing: --. 
EPC long-term Water Quality Monitoring . 3 Stations in Hillsborough River 

Monthly 1974- ~ I U  
Physical and chemical parameters 

a 
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Jim Beever 
Sid Flannery 
Bob Musscr 
Dave Bracciano 
Roger Johansson 
Brandt Henningsen 
Bob McMichael 
Tim McDonald 
b Y  Lopu 
Steve Grabe 

FGFWFC 
SWFWMD 
Tampa Baywatch 
WCRWSA 
City of Tampa 
SWFWMD-SWIM 
FMRI 
FMRJ 
S W F W M D  
EFTHC 

Dissolved oxygen 

TBNEP staff presented a summary of existing data addrrssing fish species found in low- 
salinity habitats and dissolved oxygen preferences (sec attackd shest). After discussion of f d  
s p i e s  and D.O. requirements or preferem with fishcries scienrists on thc Advisory Group, 
the Group adopted the following: 

Provisionally define ecological criteria for dissolved oxygen c o m t i o n S  
minimum of 4.0 mg/l and average of 5.0 mg/l, for 

a 
f d  utilization. 

The Advisory Group further agreed to che following process for defw minimum flows 
associated with reaching adopted dissolved oxygen criteria: 

1. Review D.O./flow relationships. Consider location in tbe river systems (horizontal aml 
vertical), other factors contributing to D.O. cod on^ and the relative hportmx 
of flows to D.O. concerntiom. Quantify D.O./flow relationships for various release 
options. 

Responsible pum-es: 

I n f o m i o n  sources: WAR data 

NEP and Advisory Group 
when: M i d - F e b w  

2. Determine when, whcre and under what conditions existing pancrn~ and volumcs of 
discharge meet D.O. crieria. 

Respomible ponies: 
When: 
Informarion sources: 

NEF' and Advisory Group 
Mid-February 
WAR data , --. 

3.  Consider adverse effects of increased freshwater release, includi water suallty 
impacts. 

Responsible pam.es: 
when: 

NEP and Advisory Group 
Following mults from Stcps 1 and 2 

3 



3 . - 
Specifically: 

- Develop an empirical, regression based approarh ro r e k  rht locarion of 
salinity ranges in thc rivers to flow, for flows throughout thc period of record 
- Using existing land usehabitat maps, photos and a shorelim survey, estimau 
the amount of existing habitat and potentially restorable habitat exposed to 
specific salinity ranges and locations of those salinities in the rivers under 
various flows. 

T h e  tools will allow managers to estimate the amount of existing and restorable 
habitat which would be exposed to a specific salinity under Various flow conditions. 

The Subcommittee recommended that the axlalyrical tools be capable of provichg 
estimates for rhc following pa ramc~n :  

surface area 
bottom area 
a measure of linear habitat 
acreage 
volume 
shoreline type 

Several potential confounding factors were identified, including the following: 
sediment type 
venical stratification and anoxic conditions 
navigation rcfmctions 
stomwater functions 
tidal fluctuations 

I 
]I 

t 
1 
3 
II 
P 
1 
8 

. - 
Several Subcommittee members recommended that the definition of low salinity as 20 ppt be 
revisited, specifically for fishes. The Subcommittee agreed to examine a set of 
'rcpprescntative" species to assist with & f i g  ecologica~y imporrant safinity ranges in 
rivcn. FMRI fisheries researchers will be w o r m  with TBNEP sraff to assist with this 
element of the process. for review by the Habitat Subcommittee. 

After development of the analyucl tools in the fust sup, spc~ific salinities associated with 
identified rcsourccs of concern can be 'plugged in" to estimate mount of existing and 
resrorable habitat associated with these salinities undcr various flow rates. 

Dissolved Oxygen Subcommittee 
After reviewing existing data, the Subcommittee discussed analytical t e d m i q ~ ~ s  which thc data 
would support to relate dissolved oxygen to flow, and rrcommcnd the following: 

1 
I 

I 
6 
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. 3 Stations in Palm River/TBC (om of those above Srmc~urr 160) 
Monthly 1974hesent 
Physical and chemical parameters 

Water and Air Research Special Study . 10 starions in Hillsborough kve r  
Monthly Ocrobcr 1992- September 1994 
Physical and chemical parameters 

. 5 stations in Palm River/TBC (om of those above S u u m  160) 
OE station sampled October 1992-September 1994 

Physical and chemical parameters 
FOU stations -pled October 1992-Scptembcr 1993 

EPC Benthic Studies . 2 Stations in Hillsborough River (Plan Street and Columbus Drive) 
Diel dissolved oxygen and other Hydrolab parametm 

September 1995 and October 1996 

. 1 Station in Palm River/TBC 
Diel dissolved oxygen and other Hydrolab parameters 

Scptemkr 1995 and October 1996 

GIs Map elements . SWFWMD 1990 land w/land cover maps 
Public lands from Pla- Commission . 

USGS water quality data 
USGS is currently compiling existing data for delivery to TBNEP for idusion in the analyses. 

collected at several These data will include continuous D.O., temperam and Mndufavay 
locations in the Hillsborough River during the early 1980s. and condrtftivjr and temperature 
collected at two downstream locations for two years in the early 1990s. Additional continuous 
daxa (conductivity and t c m p e r a ~ )  are currently bcig colleiud at OM site on tbe 
Hillsborough River. 

Habitat Subcommatee recommeiidaTllans 
Following review of available data, the Habirat Subcommittee disnwd 
and technical methods which would assist with assessing opportunities for rrsoring/cMtiDg 
low salinity habitat in each of the river systems. The Habii Subcommittee fccommcnds thc 
following specific stcps, and agree that available data can support thcsc stcps: 

. .  

prentialanalyucal 
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have abundance pcaks at salinities less than 20 ppf (often much I&. 

6.) In the case of a u n ~ a d  salinity grad~ent, some species that gtncrally OCCUPY lower &ty t 
t 
3 
t 
1 
1 
i 

areas during their early life history will follow the gradient until they ecmumcr the obstacle 
that is truncating the gradient. 

7). Ln order IO offer maximum bcncfit to tht most spaies of fish, thc 
to be complete (i.e., freshwater to polyhalinc). 

A summary of potential habitat restorauon or mation arcas along thc shorelirbz as estimated by 
a visual survey from a boat indicated the following: 

0 

gradient needs 

Along rbe Hillsborough River, the shoreline survey estimated approximately 4,070 
linear feet (3.3 acres) of potentially rcstomble vegetation habitat The majority of the 
shoreline is hardened or has very stecp banks unsuitable for vegetative habitat 
crcatiodres1oration. 

Along the Palm River/TBC. h e  shorehe survey idcndfed small areas of existing 
Iwcus 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-owwd lands, 
but will require major physical alternations. 

0 

A summary of potentnl habitat creation sites identified during this shoreline survey is 

1 attached. 

The Subcommimes also reviewed ureliminan, analyses from exisring salinity and D.O. data 

c 
March4,1997 8 

secs collected in the Hillsborough Aver, a d  &&ed updares of pr&tss on the development 
of analytical tools to relate salinity, river mile, D.O. and flow from Tony Janicki (Coastal 
Environmenral, Inc.) and Sid Flannery (SWFWMD). 

The full Advisory Commime met to revise summaries of the Results, Findings and 
Recommendations for submittal to SWFWMD staff as follows: 

WORKING GROUP RESULTS AND FINDINGS 
Hillsborough River 1 

, -  

A visual shoreline survey eshated approximately 4,070 linear feet (3.3 acres) of 
potentially restorable vegetation habii. The ma~ority of the shorehe is hardened or has 1 
very steep banks unsuitable for vegetative habitat creatiodrestoration 

In order to o f k  maximum bemftt to the most species offish, the sallnrtygrad~em in a I 
river needs to be complete (i.e., beshwater to plyhahe). Many estuarine species have 

0 
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Develop an empirical regression-based approach to relate river flow ( a ~  mcasurcd at or 
near the Srmcr~re) with midday dissolved oxygen mcasurcmtllts within the river. 

Note: much of the available dissolved oxygen data, iaChKbg thc lOng-tcrm 
monthly meaSUTcmentS col lccd by EPC. are collcEted t envan  mid-morning 
and mid-afternam. 

. Develop an empirical regression-bad approach to relate midday D.O.with minimum 
D.O. for those data sets which have both measurements. The Subcotrunittee 
recognized some risk in applying the regression to time frames outside of the period in 
which the data were actually collected. 

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

. Dettrmine when, where and under what conditions existing patterns and volumes of 
discharge meet the minimum target of 4.0 rng/l. 

hrh Subcommittees recognized that recommendations for thc Palm River/TBC reg* both 
low-salinity habitat and dissolved oxygen may be very different than those for the 
Hillsborough River. 

February 20, 1 W  
The Habitat and D.O. Subcommittees met jointly to hear and dixws a p m u o n  from 
FDEPlFMRI concerning available fish habitat and D.O. preference data. Ed Mathcson from 
FMRI presented mformauon collected during extensive f ~ e r i e s  studies on the Little Manatee 
hve r  (attached table) which indicared salinity preferexes for almost 50 species. He 
Summanzed ’ his major porn as follows: 

1) Most of the fish occumng in the estuarine portion of Tampa Bay’s mburaries are 
euryhaline; over their life cycle they may normally travel from full-suength seawater habitats 
to very low salinity (perhaps even fmhwater) habitats. 

2 )  Although the salinity tolerances of these species are broad, they may ’prefer” or be amacttd 
to different salin~ty ZOMS at different times d u n g  their life cycle (i.e., peak abundance may 
occur at different salinities for different life-history stages). 

3.) Saliniry ‘preference” is species-specific. -. 

4.) Fish species richness may be highest at salinities greater than 20 ppt, bur fish productlviIy 
may be highest at much lower salinities (generally lower wsohalinc to freshwater). 

5) .  In a Tampa Bay tributary with no water control smmures, the Little Manatee River, many 
estuarine species (including both numerically dominant and cfonomicaliy valuable spcch) 

7 



1 
WORKING GROUP RECOMMENDATIONS 

Palm RiverKBC 

The Palm RivcrmC has the potential to provide considerable l o w - h t y  and estuarine habitat 
to the Hillsborough Bay system Several options have been suggested, and a pmess  to examine 
the feasibility of filling deep areas of the river has been uitmted 

0 Minimum flows on the Palm River/TBC should be set based on existing physical 
conditions of the water course by Onober 1, 1997. However, rht minimum flows will 
be reevaluated as pan of the feasibiluy of tihg decp areas of the river downwatershed I 
of Structure 160, or other habitat creation options. 

0 Evaluate optimizing existing conditions to address habitat a d  D.O. critcria/goals. T 

I 

I 

Ongoing Activities 

1. Complete the characterization of existing salinity and dissolved oxygen conditions in 
the Hillsborough River and Palm Rwa/TBC. 

Continue development of an empirically-bastd management tool to prcd~ct salinity and 
dissolved oxygen distributions in the Hillsborough Riva and palm River/TBC as a 
function of flow using recently observed water cphty  and flow data. 

Test the reliability of the management tools through a series of conmlled releases of 
freshwater from the Hillsborough River and Palm RiverlTBC structures. This work 
will be contingent upon a determination by S W F W h D  and the City of Tampa of the 
need for the controlled release experiment following analyses of prior tasks. 

Develop a method to esiimate environmental benefits of maintaining/rcstoring various 

2. 

3 .  

[ 
4. 

salinity and dissolved oxygen distributions in the Hillsborough River and Palm 
River/TBC. t 

5 .  If existing discharge does not m e t  criteria, define options for reaching D.O. and 
salinity gradient goals. Include flow management from existing smcfurrs. orha 
potential sources of freshwater flow, and other lpanagemmt optiorrs. Include 
combinations of options fbf reaching goals. 

1 

I 
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abundance peaks at sahties less than 20 ppt. often much less 

Development of analyucal tools and methods to relate flow to dissokd oxygen and 
salin~ty in the river is ongoing. 

0 

WORKING GROW RECOMMENDATIONS 
Hillsborough River 

0 Provisionally define ecolo@cal criteria for dissolved oxygen concmuations as a minimum 
of 4.0 mgA and average of 5.0 mgl, for optimizing fish utilization. Ifa minimum D.O. 
concentration of 4.0 cannot be rnaintain BI all times in all locations, minimize the lmgh of 
time with D.O. less than 4.0 mgA. 

Maintain a salinity grad~ent from river mouth to the dam ranging kom polyhallae (>20 
ppt) to fresh (0 ppt), to optimize esnrarincdepmdent 6sh species utiliration. Mamtam 
some ponion of the river at saliruties less than 10 ppt. 

Maintain a freshwater segment in the upper portion of the river. 

Further recommendations: 

0 

- Continue development of analyncal tools to estimate flow management options to 

Refine DO and saliruty p d i e n t  criteria (i.e., seasonal or daily flu&ons, depth 

Consider other factors includmg adequate fieshwata flows for manatees 

meet dissolved oxygen and salinity criteria as &ed for the Hillsborough River. 

- 
of measurement, length or volume of optimal salunty ranges, ctc.). 

- 

W0RK”G GROUP RESULTS AND FINDINGS 
Palm River~TBc 

0 Salinity ‘and DO criteria may not be met u s i  flow managemem under amen! conditions. 

A visual shoreline survey identified small areas of existing JMcur marsh (less than one 
acre) on the north side of the river bchmd an Ccisting berm. The potential for considerable 
habitat creation exists on pubkly-owned lands, but will require major physical 
alternations. 

Several options for physical alteration, including “shallowing” of the dredged areas of the 
river and creation of small tributaries along the shorehe, are being considered. 

9 



2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

2-17 

2-18 

2-19 

2-20 

t 
4 

Esumatcd isohalim locations ( d a a )  for 10 cfs flow from thc dam. 

Estimated isohaline locations (surfafc) for 20 cfs flow fnrm thc dam. 

Estimaud isohaline locations (surface) for so cfs flow from the dam. 

Estimated isohaline locauons (1 m depth) for 0 cfs flow from the dam. 

Salinity by flow from the dam at Station 2 (ROWlett Park Drive). Data - .  
source: USGS 

Estimaud shoreline (in miles) exposed to various salinity ranges (a the - 
surface) for flows up to 200 cfs  from thc dam. 

Estimated river surface area (in acres) exposed to various salinity ranges 
(at the surface) for flows up 10 200 cfs from the dam. 

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

Estimated existing vegetated shoreline habitat ( l k a r  feet) exposed to 
various salinity ranges (at the sur fa~e)  for flows up to 200 cfs from the 
dam. 

I 
d 

I 

1 
E 

1 
Table: Changes in habitat (shoreline length, d a c e  area and volume) 
associated with incrrased flows from rhe dam. 

Mid-Day Dissolved Oxygen and flow regression; percent of observations 
with D.O. less than 1 mgll. 3-day avmge flow from the dam. 
Combined observations from Om, Im, 2m, 3m. and bottom depths. 

Midday D.O. and flow regression; percent of observations with D.O. 
less than 2 mg/I. 3-day average flow from thc dam. Combined 
observations from Om, lm. 2m, 3 m and bottom depths. 

Midday D.O. and flow regression; percem of observations with D.O. 
less than 3=/1. 3-day average flow from the dam. Combined 
observations from Om, lm, 2m, 3m and bottom depths. 

Midday D.O. and flow regression; percent of observauons with D.O. 
less than 4 mgll. 3-day average flow from the dam. Combined 
observations from Om, Im, 2m, 3m, and bottom depths. 
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April 24,1997 
April 30,1997 
May6,1997 

Thc next three meetings of the Advisory Group were devoted m a d y  to examining the rcsulrs 
of the statiaical modcl for the Hillsborough and Palm River/TBC developed by Coastal 
Environmenral. Fishcries researchers from FMRI also presenrcd more derailed data analyses 
of salinity range associations with various species of fish found in Tampa Bay mbutaries. and 
results of a d e t e d s t i c  model (with graphics representing salinrty in Hillsborough River 
under various flow release scenarios) developed by the Dismct were shown. The follovnng 
attachments received from Coastal Environmental and FDEP FMRI arc provided as a 
summary of the presentations received by thc Advisory Group ( d t s  of the der~rminiStic 
model presented by the Dismct are not yet available). 

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

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

2-1 Cumulative frequency (96) of measured Hillsborough River flow (cfs) 
from the dam recorded dunng tk WAR sampling period (1991-1993) 
and during 1985-1993, for flows up to loo0 cfs 

Cumulauve frequency ( 5 6 )  of Hillsborough River flow (cfs) from the 
dam recorded during the WAR sampling period and during 1985-1993, 
for flows up to 200 cfs. 

Percentile breakdown of release from dam (cfs) and inflow to tht 
Hillsborough Reservoir from upstream (cfs). Information provided by 
SWFWhfD (Sid Flanntry). 

Summary of 3 for rcgrcssions of salinity and flow, by d o n  and depth. 
Regressions used recorded data (flow) from Sulfur Springs and the dam. 

Map of Hillsborough River showing river mile and WAR station 
locations 

2-2 

2-3 

2-4 

2-5 

2-6 Estimated i somi i  iocations (surface') for o cfs flow from the dam. 
(NOTE: A flow of 31 cfs (thc average flow recorded from thc Spnngs 
for the WAR study pcricd) is assumed from Sulfur Springs for those 
arcas below the Springs discharge. However, flow on this and thc 
following graphics indicates flow from tht dam only.) 
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4-6 

4-1 

2 
I 

Density-weighted mean salinities for speck collcfttd in UII or more 
samples. 

Mmn and standard deviation of densky-weighted salinities for 13 species 
of estuarineacpendent fishes collecud in this smdy. 

Ceruropomis undecimalk snook 
Diaprencr plumerii smped mojana 
Pogonias cromis black drum 
Elops S ~ I L T U T  ladyfish 
Mugil cephalus black mullet 
Archosargus probarocephalus shecps- 
Lngodon rhomboidcr Pinfish 

Cynoscion nebulosur spoaed scatrout 
Sciaenops ocellarus reddrum 

Cynoscion arenarim sand scarrout 

3 
0 
a 
I 
I 

E u c i n o ~ o w  hanngub tidewater rnojana 

Eucinosrow gula silver jenny 

An overall summary of fisheries information provided by FMRI noted that, at all times of thc 
year, some esruarine species arc found in the freshwater and oligohalim sections of thcse 
Tampa Bay riven. 

f~scmp,nm~nou.%m5 
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2-21 Mid-day D.O. and flow regression; pcrccnt of observations With D.O. 
less rhan 5 mg/l. 3-day average flow from the dam. Combincd 
observations from Om, Im, 2m. 3m. and bottom depths. 

Attachment 3 Palm RivenTsmpa Bypass Canal (statistical model developed by coastal 
Environmental for "73") 

3-1 Cumulative frequency (%) of measurrd Palm RiverlTampa Bypass Canal 
flow (cfs) from Structure 160 recorded during the WAR sampling period 
(1991-1993) and dunng 1985-1993, for flows up to loo0 cfs 

Cumulative fkquency (56) of measufcd Palm RivdTampa Bypass Canal 
flow (cfs) from Snuclurr 160 recorded durmg ttrc WAR samphg pcriod 
and during 1985-1993, for flows up to 200 cfs. 

Summary of I' for regressions of salinity ad flow, by station and dcpth. 
All regressions used recorded data (flow) from Srmctun 160. 

Cumulative shoreline (miles) by river mile (0 milcs is at Structure 160). 

Cumulauve surface area (acres) by river mile. 

Table: Changes in habim (shoreline length a d  surface area) associated 
with increased flow from Strucrure 160. 

3-2 

3 -3 

3-4 

3-5 

3-6 

Attachment 4. Summary of fisheries data provided by FDEF' Marine Research InstiMe 
(Tim McDonald). 

4-1 Map of sampling site locations on the MI, Little Manatee and 
Manatee Rivers, 1994-1996, ixluding boat seine samples and otter trawl 
samples. 

4-2 Distribution of surface and bottom salinitks on the Alafia, Lietle 
Manatee and Manatee Rivers during sample collcctioas. 

Distribution ofrutface and bottom dmolved oxygen measurements on 
the Alafia, Little Manatee and Manam Rivers during sample collettioos. 

Salinity classification s y m  used for tht FDEP FMRI study. 

Number of samples collected by SaIinrty classification and gear for each 
river system. 

4-3 

4-4 

4-5 

13 



L 
L L  

> 

3 

a, 40 

- a 20 
.- w 

2-1 
N-2 

--. 

3E' 
1 





percentile 

min 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

release 

0.1 
0.1 
0.1 
0.2 
0.6 
A. 

2 2  
32 
151 
359 

3830 

inflow 

35 
58 
69 
81 
98 

116 
145 
19 1 
291 
515 

3 119 

2-3 

N-2 18 
e 



C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
(Y
O)
 

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
(%

) 

f 4 Y 



Mile 5 

Mile 6 

Mile 7 t 
1 qf 

Mile 9 

T 
1c Study Area I 

Hillsborough River 

Isohaline Locations 4 
Surface 

c 
2 

2-5 

A/-2 20 



9' 



i l  

I 1 

I 

Hillsborough River 
I Study Area I 

a d s  EmmdW I /  I /  

Isohaline Locations I I 1 

Surface 1 I 

31 & &K%&( Spr‘”45 : 1 , 
I 
1 
I 

I I L I 

Mile 10 
, 



2-1 

M-2 z z  



1 
U 
3 
d 
J 
4 
1 
1 
1 
1 
1 
T 
1 
2 
S 
1 
d 
1 
1: 

I 

t 

t 

2-8 

d-2 2 3  



I 9 i  ! .  

/ j  I ! 

2-9 

d-2 zt' 



I -- ' I  I 



1 
,. 

"'
 

"
 

b
 I 

. 
.b
. 

ba
 

b 
.

m
 

*.&
* 

rn 
**

I.
 

.. .
*. 

*.*
 

b
 

0 
10

 
20

 
30

 
40
 

50
 
60
 7

0 
80
 
90
 1

00
 

da
rn

 fl
ow

 (
cfs

) 
.

I
$

I
~

~
'

R
r

~
U

-
-

~
C

1
#

I
~

=
~

 



M
ay

 2
1 

19
97

 

--
I1

 
to

 1
8 

pp
t 

-2
 

to
 1

4 
pp

t 
ee

*5
 

to
 1

1 
pp

t 
, . .
,
1
 

D
ep

th
 =

 Om
 



8 
c9 

(sene) 

2-13 



M
W
 

D
ep

th
 =

O
m

 

Sa
lin

ity
 R

eg
im

e 
-0

 
to

 0
.5

 p
pt

 
-
 - 

- 
0

 to
 1

 p
pt

 
--

--
 0

 to
 4

 p
pt

 
- 

21
 1

99
7 

e
 

N
 

d
 

I-
 



II 
5: 
Q 
a, 
CI 

n 



I l
ill

sb
or

on
gh

 R
iv

er
 

C
ha

ng
es

 ii
i 
I la

bi
ta

t A
ss

oc
ia

te
d 

W
ith

 I
nc

re
as

ed
 F

lo
w 

M
ay

21
 1

99
7 

NO
CC

: 
Si

lin
ity

 rc
sp

ns
c l

o
 da

m
 fl

ow
 b

c
lw

m
 sl

al
io

n 
2 
an
d L

 M
I i

s 
am

si
st

cn
l (

i.
e.

, fl
ow

0 
=

 0
 s

al
in

ity
 P

I 
sl

at
io

n 
2)

 



0 
c a r  c €  

g i  0 

r 
cp 
0 
II 

N 
b 

2-17 

4f-2 3 2  



M
ay

 2
1 

19
97

 

M
id

-D
ay

 
D

O
 a

nd
 F

lo
w

 M
od

el
 

O
bs

er
va

tio
ns

 fr
om

 O
m

, I
m

, 2
m

, 
3m

, 
an

d 
Bo

tto
m

 

$ N 
Iu

 

r2
=

0
 .6

6
 

0
 

Ol 
7
 

0 
20
0 

40
0 

60
0 

80
0 

10
00

 1
20
0 

14
00

 
3 

D
ay

 A
vg

. 
D

am
 F

lo
w

 (
cf

s)
 



M
ay

 2
1 

19
97

 

M
id

-D
ay

 
D

O
 a

nd
 F

lo
w

 M
od

el
 

O
bs

er
va

tio
ns

 f
ro

m
 O

m
, I

m
, 2

m
, 

3m
, 

an
d 

Bo
tto

m
 

01 0
 

20
0 

40
0 

60
0 

80
0 

10
00

 
12

00
 1

40
0 



t JJ 

80
 

N
 

0
 

r2
=

0
 .

1
7

 
. I 

19
97

 

6 
30

 
0
 

20
 01 0 

20
0 

40
0 

60
0 

80
0 

10
00

 1
20

0 
14

00
 

3 
D

ay
 A

vg
. 

D
am

 F
lo

w
 (

cf
s)

 



2-21 

M - 2  3Lr 
I 
I 



Palm River / Tampa Bypass Canal 
CI Flows on WAR Study Sampling Days 
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Classification Salinity 
Range (PPt) 

0.0 - 0.5 Freshwater 

0.5 - 5.0 Oligohaline 

5.0 - 11.0 Lower Mesohaline 

11.0 - 18.0 Upper Mesohaline 

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