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Northern Tampa Bay 
Minimum Flows and Levels 

Overview 

The Northern Tampa Bay area is comprised of the counties of Pinellas, Pasco and the 
northern portion of Hillsborough. These counties are located in southwest Florida and surround 
the northern half of Tampa Bay. Pinellas County is almost entirely urbanized, as are much of 
northwest Hillsborough County and southwestern Pasco County. Inland areas of Pasco are 
rapidly becoming urbanized also. Potable water supplies for these counties and municipalities 
within these counties are principally from eleven regional wellfields located in Hillsborough and 
Pasco counties drawing from the Upper Floridan aquifer. 

The first of the regional wellfields began operating in the early 1930's. The eleventh 
wellfield began operating in 1992. In addition to other sources, wellfields continue to be brought 
on-line in the area to meet the potable water supply needs of the Northm Tampa Bay area. 

The surface water environment within the Northern Tampa Bay area is highly 
interconnected with the ground water system. Because of the karst geology that characterizes the 
area, a discontinuous and leaky conjining layer provides a relatively good hydraulic connection 
between the surficial aquifer and the underlying Upper Floridan aquifer. Although localized 
a rea  of good confinement exist, overall the Upper Floridan aquifer is described as poorly to 
moderately conjined within the Northern Tampa Bay area. As a result, water levels in the 
aquifers are linked, and fluctuate similarly. 

, .~ ,. 

Without ground water withdrawals, recharge from ramfall to the surficial aquifer and 
discharge by evapotranspiration and flow from the surficial aquifer are the only sigodicant 
driving forces of these fluctuations. Very little ground water is contributed to the area from 
lateral inflow. The variable head in the surficial aquifer in turn largely regulates the recharge to 
the Upper Floridan aslufer through the leaky semi-confining unit. Therefore, the fluctuations in 
the surfid aquifer affect the fluctuations in the Upper Floridan aquifer. 

An additional stress is introduced to this process when ground water withdrawals from 
the Upper Floridan aquifer are added. Ground water withdrawals lower the potentiometric 
surface of the Upper Floridan aquifer, which in turn increase leakage fiom the surficial aquifer to 
the Upper Floridan aquifer. This additional recharge is referred to as induced recharge. The 
result is a lowering of the water table. Assessments have shown that in leaky areas of the 
Northern Tampa Bay area, most of the water withdrawn from the Upper Floridan aquifer by 
pumping is derived by vertical leakage downward from the surficial aquifer (Liu and Po- 
1996). Thus, Upper Floridan aquifer water level fluctuations caused by ground water 
withdrawals affect surficial aqufer water level fluctuations, as well as the water levels of lakes 
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and wetlands that are connected to the surficial aquifer 

Waters and wetlands account for approximately 23 percent of the land area within the 
Northern Tampa Bay area 

In the mid 198O’s, the District declared the northwest Wsborough County area and 
limited portions of Pinellas and Pasco Counties, within which several of the weffields are 
located, to be an “area of special concern” regarding the condition of local water resources 

In 1987, the District undertook a water resource assessment project (“WRAP‘‘) to 
examine the water resources within the area of special concern In 1989, based on preliminary 
information from the WRAP, the District declared an area as the ‘Northern Tampa Bay Water 
Use Caution Area” in recognition of environmental stress identified by the District. 

In 1992, the WRAP study area was expanded and became identified as the ‘Worthem 
Tampa Bay Water Resource Assessment Project” (‘TJTBWRAP”) The N T B W  is the 
District’s most recent attempt at determining the condition of the water resources in the area of 
the regional wellfields. (The N T B W  is among the materials provided with the White 
Pap ers) . 

Due to environmental stress to the water resources in the Northern Tampa Bay area, 
Section 373.02 Florida Statutes (F S.), as amended by the Florida Legislature in 1996, directed 
the District to establish minimum flows and levels for the region before October 1, 1997. 

Section 373.042, F.S. defines the minimum flow to a surface water course to be the flow below 
which additional withdrawals would cause significant harm to the water resources or ecology of 
the area Section 373.042, F.S. d e b s  the minimum level of an aquifer or surface water body to 
be the level below which additional withdrawals would cause sigdicant harm to the water 
resources of the area The 1996 amendments to the statute required the District to adopt 
minimum flows and levels in Hillsborough, Pasco, and Pinellas County for priority waters that 
are experiencing or may be expected to experience adverse impacts. In response to this 
legislative direction, the District established 41 minimum wetland levels, minimum levels for 15 
lakes, sea water intrusion aquifer levels, narrative aqufer levels and a mioimum flow for the 
Tampa Bypass Canal. Work is ongoing to establish minimum flows and levels in the hture for 
additional water bodies. 

Section 373.042, F.S requires the District to use the best data available to set minimum flows 
and levels The legislative requirement to set the levels by October 1, 1997 was absolute, that is, 
there was a limited 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 
e m g  data complete with any associated limitations of that data. 

The process to develop the methods for determination of minimum flows and levels was an open 
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public process with all interested parties invited to participate in the development of 
methodologies for determining the limit at which sigdicant harm OCCU~S to the lakes, wetlands, 
surface water courses and aquifers for which levels must be established. Many lay and technical 
representatives of the interested local governments, environmental groups and individuals did 
participate in the rule development process through months of meetings, public workshops, and 
public hearings. 

Following t h i s  public process the District staff finalized methodologies and minimum levels and 
flows for approval by the Governing Board. However, effective July 1, 1997, subparagraph 
373.042(1)(a), F.S. was added. That paragraph directs the District to consider changes and 
structural alterations to watersheds, surface waters, and aquifers and the effects such changes and 
alterations have had when establishing minimum flows and levels. Therefore, at the Board’s 
direction, stareviewed the previous work, adhonal  data ES 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 assimilated into the methodologies. 

On October 28, 1998, the Governing Board approved the subject minimum flows and levels. 

As permitted under subsection 373.042(4), F.S., five parties requested Scientific Peer Review of 
the scientific and technical data and methodologies used to determine the flows and levels. The 
purpose of thls series of reports is to document for the Scientfx Peer Review Panel scientific 
and technical data and methodologies used to determine the flows and levels for priority waters 
in the Northern Tampa Bay area, 

The reports are organized in the following sections. Thm first section provides a general 
explanation of the area, hydrogeology, the Legislature’s direction to the District and the processes 
and constraints for the District’s establishment of minimum flows and levels. The next four 
sections describe the specific methods developed for determination of minimum levels in certain 
wetlands, certain lakes, and in the Upper Floridan aquifer, respectively. The last section describes 
the methods used to develop the minimum flow for the Tampa Bypass C a d .  

. . . .  
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. GENERAL MINIMUM FLOWS APPROACH FOR THE TAMPA BYPASS CANAL. 

fthe- C - 0  
. .  

This document desrribes be rechnical analysts that wereconductcdto support the establishment 
of the minimum flow for be Tampa Bypas canal at Strumre 160. The TampaBypass Canal 
(TBC) was COOSrmFtCd between 1966 and 1982 for prposes of floodcontrol in the Hillsbornugh 
Riverbasin. The canal system, which was largely excavandinthecharmclofthe former Six Mile 
Creek and the Palm River. is comectd to the Hiusborough River by aseriesof water control 
mcaues that BIC used to diiverrflood w m  away from the €iilLhmUgh River (see Figw 2.1 
on page 2.2). Since 1985. the Tampa Bypass Canal has also ken used m angmmt water supplies 
in the Hillsborough River Reservoir during th dry seasan. Greater &tails wnceming the 
location. history, conkpmhon. flood conrrol and water supply use of the Tampa Bypass Canal 
are psarted in XiJllOwing sections of this repon. 

S m b  160isthcmostdownsueam WaDtrconml stmcturronthe TampaBypass Canal, as it 
separanes the tidal and freshwaterrreches of the canal systan. The minimum flow estabiiskKdfor 
the Tampa Bypass Canal pmains to flows ~~SEUCILW 160. T h e e c o ~ o g m l ~ a a c o c i a t e d  
with this minirmlm flow nmrrntratedan the effests of frest~warer ditcharge at Srmcarre 160 OII 
the do- tidal estuarine ecosystem. In this report the tidal Mch of- TampaBypass 
canal d0Wnmc;am of srmctnn 160 is niu referred to as the Palm Rim. while McKay Bay 
exrpndr, from titernth of ttac Palm Rim to the YP St. csuseway (see F v  4.1 on page 4.4). 

. .  
0- 

The &termination of minimum flows for the TampaBypass Canal tDokiatD consideraturn . &this 
system hashadextensive changes and Jmrnural altexatim. The width, depth. and vohmrc of 
the Tampa Bypass Canal are much gnatcr -the mcams rharanreexcavatcdto form the canal 
(Six Mile CrekardPa!m River). Tbtsephydcal changeshave greatly altmd be hydropphic. 
wam quality, aldecological c ~ r i s t i c s o f  thcesruark RSOUICCS mouated ' withtheformer 

f r o m t h e l o c a i ~ b l l s i n t o t h c t i d a l  
PalmRiver. camumon 
vicinity and the qummririts of fmh watrr c o m b a d  
receiviagwaten. Acwuarmg . for meSe chauges, tbc DisaiEtcvahated the ef6ccts of vprious rao~ 
of &&water flow from Srmcturr 160 on salimty disuibnh, warm quality and biological 
commuaitiesm~p~~sentdayPahRiverlMcKayBayefolarinesysmn. -allrrkvaut 
facton, the Disaict conchdtd that a minimum flow of mo cubic feet per SCcaDd (cfs) rhould be 
established for the Tampa Bypass Canal at S m m  160. 

Minimum flows are &fubcdin Florida Srarues as 'the limirnr uhich@ther u4rhjmwls Hlwld 
be significant& hanqtbl to the ntuer ravum?s or ewlogy of Dlv sea* (Secrion 373.042). Mmy 
recent technical articles and repons haveemphanzcd tha tbo th~smem~ andtidalesmarics 
nced a range of freshwater flows to mintain their ccologd inasrity and producmmy 
(SJRWMD, 1994: Odum et al., 1995; Richter et al., 1997: Sklsr and b w d c r  1998). Over the 
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last two decadcs, the Dimict has incrcasmgly emphasized this appmach and taken regulatory 
rneaaucs to mainrain d patterns of fre&waoe~~flows in streams a d  m estuaries. However, 
due to highiy modified mum oftbe Tampa BypaEs Canal and  IS primary p~lrpose of flood 
control, the District did not evahatc potential ecological changes thar could result from 
withdrawals over the entire flow range of the canal. Inmad. the District minirmrm flow analysis 
for the Tampa Bypass Canal coIlcemratcd on h - f l o w  releases from Structurr 160 that must be 
maiUtainedtop~Mntdgnikar~tharmtotfie&wnsUcamecosystem. Suchminirmlmflowswould 
be W t o  withdrawalsh the canal, so that~~srrictions on withdrawals awuld go into effect 
if the minimum flows were not bing met. Greater elaboration on the qplicaxim and c m x t  of 
the minimllm flow is prrwnred in Chapter 7 or this report. 

The District requested the Tampa Bay National Fistmy hogram form a minimum flow advisory 
group to provide tcchcau . Y-- . ns to the Distriafor identifying andeMhrating 
water resource and ccolopal criteria necessary to establish minimum flows on the Lower 
Hibborough River and Tampa Bypass caaal. The findmgs of the Dimia's ecological analyses 
d t h e r e c  . ions of the Tampa Bay Esmary Minimum Flows Advisory G m p  are 
prrsenndinthisrepoh 

To alarge extmt, minimnm flows for the Tampa Bypass Canal were e n l u t e d  simultanemsly 
fiows for the Lower with minimum flows for the Lower Hillsborough River. Mmmmm 

Hillsborough River are stillunderevahlation, soonlythe findiags for& Tanpa Bypass canal 
are presntcdin this report The Hilloborough Rim andthe Tampa- Canal are conmcted 
systems, however, and some finnation concerning the Hillsborough River is presented as it 
penains to the cormected hydrology audcombinedwam use from tJi+sctwo systems. 

1.3. 

. .  

. .  edocuma 

Thisinmxhm 'on is followed by Chapter 2 which describes the physcal and hydrologic 
characteristics of the Lower HiUsborough River and Tampa Bypass Canal. Chapter 3 describes 
historic and present-day water use from these systems. ChapDr 4 describes the ecological 
infonnaticm d d a m  amiyses the District relied on to evaluate the minimum flaws. Chapter5 
presmn the recommendafloIIs . of tbe Tampa Bay National Esruary P r o m  minimum flows 
advisory group. chaper 6 discusses the hydrology and potential water supply yield of the Tampa 
Bypass canal. includingpranpingvariousquantiticsof waterfromthecanal m the Hillsborough 
Rim Reservoir. The adopted minimum flows are presented in Chapter 7. while the iitemm 
cited is listed m Chaprr 8. 
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2. PHYSICAL AND HYDROLOGIC CHARACTERISTICS OF THE RESERVOIW 
CANAL SYSTEM 

. .  LL cal c- 
The following text describes the physical and hydrolec charactenstl ' 'cs of the Hillsborough 
River Reservoir and the Tampa Bypass Canal (TBC). Thc sources of data and the ti- cited 
arc the best available information for establishing minimum flow. A location map for thc 
Tampa Bypass canal and Hillsborough R i ~ h c r v o i r  is given as Figure 2.1. A map of rhe 
entire Hillsborough River Wamshcd is given as Figure 22. 

m m -  The Hillsborough River flows 54 miles from its source in 
Pasco County southwest to Hdlsborough Bay (Goct& ct al, 1978). Tkc river was fjrst dammed in 
1898. The dam was dcsnoyed in 1899 and rebuilt thc following year. The river sewed BS a 
watersupply forthe City ofTampa in the 1920s. Thc dam was subscqucntlydcstmpl by a 
hurricam in 1933, and rebuilt in 1945 Crampa Tribune, September 4,1994). The existing Tampa 
Rcscrvoir Dam is locatedabout 10 miks&vethcmouthofthtri~,and impoundsadrainagc 
area of approximately 650 square miles (Goets ct 4 1978). 

The reservoir created by thc dam consists of 12.5 miles of r u m d  rivcrchmmcl. The 
mcandcring, v-zhsped chau~~laad flood plainaveragcs 15 f a t  indcptb. Withinthe cham& 
there arc mauy sinkholes. Icdgs, andsaadbars. Atamaximrnn stagc of225 h N G V D ,  the 
reservoir has a Capacity ofnedytwo billion gallons (a a d, 1978). The stage-storage 
rclationshipispresamdinTable21. Tbestargcforthmin;mnmobservcdstagcof14.9fcn, 

' 

which occund in 1977, is abom 540 million gallons (Gocp, 1978). 

LLZ lhTampaBypassCanalocatcdcestoftbeCityofTampa,was 
consrmctcd~thepr iOd1966to 1 9 8 2 ( F i i 2 1 ) .  Thecenalwasaugvatedmthc 
cbanrmcls ofthc forma Six Mile Cnewpalm Rivcrctrainegc systems. Tk pmposc oftbe TBC 
was to divert Hillsborougb Rivaflood waters to McKay Bay, bypassingthc cities ofTanplc 
Tenace end Tampa Thc TBCaaendsabm 1 4 m i l c s h  Cow House Creokmtk Lowa 
HillstoroughRoodDncntionh(LHFDA)to McKay Bay atthcmxthoftk Palm Riw. 

'fhtcanalissnbdnndcd 

multiple Vcmcal lift gem thatseatontkcaatofan ogcewcir. Anawyofovcrflowwcirs is 

into three plinci@ rc&c& orpools: thc upper, middle and lowapools 
( F i i 2 . 1 ) .  TheTBcpoolsftrcscparat#lbyflowcanhol~ EscfirsuctPrrconsistsof 

locaocd at the top ofcachiiftgatcto control thcupshcampooi SgocduTing lowaadmodaaft 
flows. TBC bonom widths and elevations range from 400 k t  at elevation -21.0 feet 

. .  

NGVD (1929) near McKay Bay to 200 fcct at ckmtion 16.0 at Cow House Creek 
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Figure 2.1 
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Table 2.1 Stage-Storage Relationship for the Hillsborough River Reservoir 

Reservoir Raervoir 
Stage Volume 
k MSL mgal 

12.00 320 
13.00 383 
14.00 455 
15.00 547 
16.00 647 
17.00 766 
18.00 907 
19.00 1069 
20.00 1239 
21.00 1419 
22.00 161 1 
22.50 1715 

Source: H. Nguycs SWFWMD, 1997. 
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Besides canying flow horn the LHFDA and the City of Tampa Rcwrvoir, the TBC is the 
drainage for some 33 square miles of avfacc a m  adjacent to the canal. Land w in the area is 

22 
The hll~wing scftion~ summarip thc historic hydrologic conditions observed at the 
Hillsboro~RivcrRsavouaadTampaBypassCanal. 

U b l  HillsbomunhRiw- . The period of record for stage and dmchargc 
m e a s m c n t s  for the Hillsborough River Reservoir is 1939 to prcscnt The rrscrvoi~ stage has 
rang+d 6um lcss than 15 feet up to 22.9 fat NGM). A minimum stage of 14.9 fcct NGVD was 
recorded on Jum 29,1!V7. The fkequmcy distn'bution of- for thc period 1974 - 1996 is 
prcsmcd in Table 2.2. The paiodof 1974 - 1996 comqmds to thc time paitxi used for thc 
minimum flows end yicld analyses presented m this report. More thau 65 pacan ofthe stage 
values arc betwan 20 aad 22.5 feet NGVD. Apptownetc . l y 5 p a c c n t O f ~ ~ m c a s U r r m e n t s  
8ce klow 18 feet NGVD. 

gcntraliy scmi-r~ral anti residcna. 

Table 22 Frcsumcy Dimibntion of HiMmo@ Rim Rcsavoi stage, 

. Staae (fee!, NGVD) 
combined Prr-ullgnmmtion A "  tion 

PaiOdS Period period 
Ptrcemile 1974 - 1996 1974 - 1983 1984 - 1996 

I 16.4 15.9 18.1 
5 18.4 17.6 195 
10 19.4 185 203 
20 20.6 19.7 21.1 
30 21.1 20.6 21.6 
40 21.7 21.1 22.0 
50 22.0 213 223 
60 22.2 21.9 224 
70 22.4 22. I w 
80 22.5 22.3 226 
90 22.6 22.5 22.6 
95 22.6 22.5 22.7 
99 22.7 226 22.7 



available. Table 2.2 shows the distribution of rcservoir stage for thrre h e  mods: (1 )  1974 to 
19%. (2) 1974 to 1983, prior to augmentation ad. (3) 1984 to 1996, with augmmtation. 

Stages for all percentile values are higher under augmented conditions. For tbe period I984 to 
19%. the rcservoir stage was below 20 feet NGVD only 8 pa#nt of Ihe timc. compared to 
nearly 25 percent of the time during the pcc-augmcumion period of 1974 to 1983. The daily 
stage record forthe recent time peridof 1984 to 1996 is shormes Figure 23. Diff.crenccs in 
memoir inflows and the increased use of the Moms Bridge well fieid to meet demaads may also 
conmbute to diffrrencs in srage ktwcen the two time p a i d .  

The distribution of reservoir stage, by month, for the Mod 1984 to 1996 is given in Table 23.  
Stage is generally lowst during May thmugh July. For example, the stage is below 20 fi NGVD 
less than 5 prccnt ofthe time firom D#.rmbahugh March. However, May and June stage 
values have ban below 20 feet NGVD 25 to 35 pmcnt of tht time. 

The annual mcan discharge at the dam, f o r k  1939 to 1996 period of record, is 463 cubic feet 
per second (cfs) auasmcd at USGS site number 02304500. The median discharge for this same 
period is 152 &. Annual mean discharges for the 1939 to 1996 period of recurd range from less 
than 100 cfs to n d y  17OO cfi (FgurC 2.4). Thc mxhm daily dkchgc of 13jOO cfs was 
recorded on March 21,1960. The U.S. Gtological Survey (USGS) described thc hydrologic 
rcmrds forthe HilIsboro@ River Rsavoiras ”poor,” indicating that diffaencs between the 
artllalandMimarrrl values may exceed 15 percent (Stoka, et al, 1996). However, the data 
c o U d  by the USGS reprsmt rhc bcst available informetion. 

The discharge at the dam depmds on rcsavoir inflows, watcr supply witbhwk ,FnIdlOssesduc 
to evaporation and seepage. Reservoir inflows arc estimated b a s a d o n ~ w a t c r s h e d a r t a s  
and gaged flows from Trout Creek, Cypress Creek, the Hillsborough River at Morris Bridge and 
C+ Springs ( F i  22). Thcpcriodofraord at the Morris Bridge gageonly gocs backto 

estimatcS of reservoir inflows wcrc dcvelopcd for the period 1974 to 1996 (Appcnduc Q). 

Forthe period 1939 to 1973, when onty resmoiroutflows wac mtasured, it canbe Bsgumcd thar 
inflows to rhc rcsavoir tgualed or exceeded outnows hm the reservoir sins watcr supply 

can therefore be msdc from the rtcord ofrrsavoir ourflows b m  1939 to 1973. These inflow 
recofds could be adjusted for yeariy withdraw& h m  the rrscrvoir, but such acorrcEtioD was 
not pcifomcd for this report 

1974, thus limithgthe period for which inflows to the reservoir can be dmatd .  w 

wi~swcrcmedefromthcr*lcrvoirduringthathe. Aconsavetm . estimateof~ows 

Tkf rcq~d i s tn ’bur ionof  dai lyest imatedrrser~~ir inf l~~~forthe 1974-1996timeperiodis 

hydrograph O f O d O W S  h m  tk w o k  (1939 - 1996) ard- ~ O W S l O t b C d  
(1974 - 19%). Tho@ the prr-1974 inflow 

given in Tabk 2.4. Amnral average inflow arc shown on Figure 2.4. Figurc 2.4 shows a 

CoILSNatiye, thae mgIly mort high 
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a inflows years before fhr 1970s than afterward. Sixty percent of the years bchmn 1939 and 1969 
had avenge ycarlY flows greater than 500 cfs. whmas only 13 percent of the years after 
1974 had average yearly flows grmrer than that amount. This study did not evaluate any possible 
causes of this reduction in avaage yearly inflows, or impacts to other strean flow characterisrics 
such as basc flow. 

The U.S. Geological S~lnrey (USGS) rqmtcd declining trends in reservoir outnow during 1939 
to 1992 (Stoker. et al, 1%). The rate of dcclinc in the annual mean discharge is 7.7 cfs per year. 
The USGS also identified dccrrases in 7-day and 3-y low flows aad 7- and 3Oaay high 
flows for the same time period No ~tfcmpt WBS madc to identify the CBW of stream flow 
declines, however, the authors cited deficit Wdl, inaeasd water usc, akedon of drainage 
patterns, and decl.cased base flows as possible ~~IISCS. 

Table 2.4 shows the frcqurncy distribution for reservoir outflows for the recent period of 1974 to 
19%. The outflow is less than one cubic foot per second about 30 pcrcent of mC time. The 
median outflow is 35 &. 

Since 1979, m o i r  discharge during stom events bas bcen af€cctcd by the +on of thc 
TBC flood control systcm. During@ storm tvcntF, S m  155 canbe oprarcd to divert 
upstrcmrivcrflawsthroughthc Lower Hillsborough Flood Duentionmto TBC. Reservoir 
Mows can also be diverted tfrrough the Harwy Canal tothe TBC at Smctm 161. Records of 

a u d ~ t h t ~ o f t h e s e d i ~ o n s  thcs diversions have not ban well-- 
arc unknown. 

. .  

Although actual WithdIaMk began in tht 192k rrportedwitMraWals h l l  thtrrrervoirbegan 
in 1946 with an annual average withdrawal of approximately 15 million gallons per day (mgd). 
During rerrntdaades,du mual  numberofzao-flow days a t h  dam has inrrcased. Fortbe 
purposes ofthis analysis, aaro-flow day is adaywhattheestimrtrrl flowislcssthan 1 cfs. 
Due to secpageamrmdtht sbuctmt, small flowsbctwecnmandontcubic footpastcond 
may bc rrported wilm there is w flow ova the dam spillway. 1946 a d  1972, there 

withdrawakrcachcd40 mgd andtbcfkquacyofpro-flow daysirmead mbsmtdy . 
w c r r f n v z c r o - f l o w d a y s ( F i ~ ~ ) .  T h c ~ z a o - f l o w ~ o o n m t d i n 1 9 6 8 w h c n  

intht 
1970s. At the sam6 time, rrsavok incrrasd to greater than 50 mgd. Noticeable 
spikes in the numkofzno-flow days occumdduring low rainfallyczm, such as 1981,1985, 
and 1990. 

Consauction of thc TBC, which was completed in 1982. may have affected gn~uud-watu inflows 
and outnows to thc rrscrvoir and thc hqumcy of rcro-discharge days C o l l s a w t i o n ~  
the Upper Floridanaquifcrand inaeaped gro&watcrin€towto the canal byapproximatCly 
20 mgd (Knutilla and Corral, 1984). However, tht frection ofthis flow that originated mthe 
vicinity of the Hiusborough Rivcr Rcscrvoir has not b#n quantified. Aa;gmentation of the 
rrservoirwith watnfbm tbc TBC sincc tile mid 1980s has rcfumcd some mall of& wata lost 
by- groundwater sapagc h m  tk ~savoir .  
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Table 2.4 Frequency Distribution for Enimatcd 
Daily R-oir Inflows and 0Utn0w~ 1974 - 1996 

Resavoir Racrvoi 
Percentile Inflow outflow 

(CfS) (cfs) 
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 
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Figure 2.9 
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Table 2.5. Flows ar S-160. by Percentile for 1983 - 1996 
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3. HISTORIC WATER USE 

The City of Tampa has historically depended on four sources to meet wam supply demands: the 
Hillsborough River Reservoir, the Morris Bridge well field the TBC and Sulphur Springs. 
Cumntly permitted quantities arc shown in the table klow. 

Continuous data of witMrad guantiti~ h m  the reservoir arc available back to 1945. The first 
full year of withdrawals was 1946 Wttcn 15 mgd was withdrawn (Figure 3.1). Water denread 

The Hillsbornugh River WFS tht sole source of wafer supply forthe City OrTampaMtil 1978 
when the Monk Bridge well field WBS bught on he. Total dcmad on thc C i ’ s  supply 
incrtasedthrough 1981 butrrswoirwi~nmainedabout5Omgd.  InlWsmi1985,the 
City of Tampa began to augment the rrserv~ir hm Sulphur Springs ard tht TBC. rrspctively 
( F i p 3 2 ) .  Afur 1985, withdrawals -Morris Bridgewell ficldwacRdreccdand 
witi~dxawals from the reservoirincrcasd agaie I)rmng the past tcn yean, yearly maage rat*l of 
58 to 66 mgdhave ban withinnvnfim~ tbc reservoir. 

i u d  stcadily through 1972. Demand remained rclativcly COIlstant h m  1972 through 1977. 

3.1 





C
ity

 o
f 

Ta
m

pa
 A

ug
m

en
ta

tio
n 

W
ith

dr
aw

al
s 

-
.
 -
-
-
 

--
 
--

 

- .
-
 .II II II.

1,
 

19
93

19
94

19
95

19
96

 

~
- 

--
 

. 
.
 . .
 

~
-

.
 

.. 
~ 

. 
.

.
~

.
.

.
 

~ 
.

.
.

.
,

.
.

.
 

.-
 

. 

-
-
 

-_
 

- 

, 
. .. 
.. 

To
ta

l A
ug

m
en

ta
tio

n 
u S

ul
ph

ur
 s

pr
in

gs
 

Ta
m

pa
 B

yp
as

s 
C

an
al

 

Fi
gu

re
 3
.2
 



BR above 22.5 ft. NGVD, which is full reservoir sragc. In addition to thest limitations, 
provisions required additional "mitigation" augmentation from the Tampa Bypass Canal wbm 
witMrawals from the reservoir exceeded 62 mgd drrring periods of low flow at the Hillsborough 
River Dam (scc Appendix A). 

In 1993, upon request from the WCRWSA and the City of Tampa, the District modified the joint 
water use permit so that augmentation from the TBC couldoccur when water levels in the 
memoir rtcede to 21 .O k on a year-rod basis. Also, in ~sponse to the City and Authority's 
request. the permit was modified so that augmentation wwld cease when water levels in the 
reservoir recover to 22.0 k 

In Novcmber 1996, the District authorized the WCRWSNCity of Tampa to implement a mal 
schedule that would allow augmcnmtion fiom thc TBC anytime watcr levels in the rrsrr~oir fall 
bclow 22.5 feet ?his sckdule has now been f d l y  adopted in the water use prmit for 
augmemingtkrcscrvoirwith watcrfiumthe canal. The TBC is ~ y u s c d  to augment the 
Hillsborough River -OK for short periods chuing the dry sc~son months of April, May, 
Jum, and December. 

The pennit specifics that Sulphur Springs is not to be used for augmentation until afm the TBC 
has been utilized. A i m o n  schedules for SutpsUr Springs arc also based on wam 
elevations m thc Hillsborough River Raavoir. In rhc 1990 permit rmnval it was established 
that augmentation fium Sulphur Springs will not occmrmtil water levels in the reservoir rtctde 
to 20.0 fcet during tbe months March through June or to 18.0 fc* during thc months of July 
throughFcbmary. Fmm 199Othrough 1996, the C i  has aulpnancd evcry yearfromtht TBC. 
Sulphur Springs has provided augmentation in only thrre of the scven years and generaily 
provides 10 paccnt or lcss of the total augmentation quaatity. 
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4. ECOLOGICAL ASSESSMENT OF THE TAMPA BYPASS CANAL AND PALM 
RIVEWMCKAY BAY SYSTEM 

4.1 Sources Data 

To evaluate minimum flow for the Tampa Bypass canal the Disaict princrpaUy relied on the 
three sources of ecological data and information that BR listed below. hfost of these sources &I 

CO- information pertaining to the ecology and freshwater ianow rehmmdups of the Lower 
Hillsborougb River. 

1. A hythbiologwl rmcty of tkc Lower Hillsbornugh River and the Tampa Bypass 
Canal (WAWSDI, 1995) requmd by special conditions of w a r  us permits issued to 
the C i  of Tampa and thc West Coast Regional Water Supply Aumority. 

2. Data for salinity, dissolved oxygen, and w r  qual~ty prtramcms available fium the 

3. A recent~ponsponsoredby the Tampam National Ewsry Programwasrequfsted 
by its minimum flows advisory group to tbe Disnict. This rrpa. whichprrpamlby 

HiUsbomugh county En- prottctton . Commizsioe 

coastalEnviromnencal, Inc. (1997). analyzeddatafromthehm,pom#slistedabove, 
plus data recorders opemedon the Lowtr Hillsborough River by the us Geoiogical 
surwy. 

In addition to analyses conductcdby the District, applicabIe rcs& andcondusans . f romth?  
otherinformationsounesare- ' below. The WARlSDI (1995) and coastal (1997) 
repom are available from the Dirmaandcopies willbe providedtoeachmcmkr of the sch l i f k  
review panel. Other ecological studies the District consideredm asstsiDg minimum flows for the 
Tampa Bypass Canal are by Ross (1980), HDR (1994). Stoker et al. (1996), and the Florida 
Department of community Affairs (1995). Overall, the combinedsourcesof dataandsmdics 
lisredabve comprise &best available iufomationforcstablisiung minimum flowson the Tampa 
Bypass Canal. 

4.2 Hv&&.- 1 fi=r T W m a  

Withdrawals from thc Hillsborough Rim Reservoir are re~underawaterustpermithed 
to the City of Tampa whik withdraw& from the Tampa Bypass Canal for angmemthof the 
reservoir are rrgulated Mdcracompanion pe~mitjoinflyhcldby tht City ofTampa and the West 
Coast Fkgional Water Supply Authority (ROW Tampa Bay Water). Both water use permits were 
renewed in 1991. At that rrmwal. the a w q e  Bmmal withdrawal quautity prmined from tht 
HilIsborough River menair was increased fmm 62 to 81 million gallons per day (mgd). It was 
p r o p o s e d t h a t a l l ~  ' of& rcscrvoirwith water fromthe Tampa- Canalbedonean 
a more frequent basis, although thc average anuualpermiaedquantiry from the canal remaid 
the same (20 mgd). 
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Because the potential ecological impacts of these iacrrasts could not be qlmaed, the Dimict 
r e e d  the permittees to conducr a hydmbiolopcal rmdy of the b w e r  Hillsborough River and 
the Tampa Bypass Canal. The technical objcctms and regdamry aspects of this mdy were 
specified m special condiaons of waar usc permit Mmben 202062 and 7.06675, from which 
relevant excerpts are provided in Appn&x A. 

The goals of the hydrobiological study are ' Ed below: 

1. Determine the by&ologic. water Wty. and biologwl char;pcteristiCs of the study 
area. the relanonship of these characteristics to discharges from the strucms, and 
whether the proposed increases in withdrawals will result in unacceptable adverse 
impacts u) wafer quality and fish and wildlife in the study area 

2. Determine the habitat functions of the lower Hillsborough River, the Patm Riwr and 
McKay Bay. 

3. Determine how various levels of pumping from the Tampa Bypass Canal effect water 
levels in, and outflows from, the Tampa Bypass Canal. 

4. Determinetkeportanceofdischargefrom sulplnlrspringstothcwaterquality and 
biology of the lower Hillsborough Rim. 

5 .  Consrmct a hydrologic model of the Hillsborough Rivtr Reservuir and TBC that 
allows the sirrmlation of dependable yields from the rrsnwir/canal system aud 
downstream nleases under various withdrawal and -on scmarios. 

6. Basedon the findingsof the tasks above, determine au oprimal 
withdrawal/augmmmim scheduk for the combined TBC/resrvOir/Sulphur Springs 
system that mhimizes envimmneutal impatts while =ring water supply meeds. 

The consultanrs selected by thc City and the Authority m perform this study was comprised of a 
team of Water and Air Research, Inc. and SDI Environmental Services, Inc. A draft report for 
this study was presented to the Disrrict on March 1995 (WAR/SDI, 1995). The District did M t  
accept the report as final uncil r r ~ ~ t i y ,  howewr. due to delays m obtammg an ourside =view of 
the hydrologic model presented in the repon. 

The Disuict naDd that acceptauce of the repon didnot imply that it necessarily agmdwith the 
conclusions or reservoir management scbcdule presented m the report). The Dimin pohtcd out 
that considerable new analyses were recently completed as pan of the minimmn tlows 
determiaadon for tbe Lower Hikhrou gh River and TBC. and the objectives of the 
hydrobiological rmdy could now be considered satisfied or suprsdtd (WFWMD, 1997). 

The hydmbiologml study included collection of a wide array of physkal, chrmical and biological 
variables hluding salinity, water qualtty, phyroplaukcou, bmthic macromvcrtrhm, W s .  and 
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shoreiinc vegetation and habitat. Although the conclusions and withchwai s c w e  m w WII 

are Mt necessarily endoned by the D W C L  the hydrobiologicat study iS a p r i n c e  of 
i n f o d o n  the DisniEt relied on to evaluaa the biological c ' 'cs of the Lower 
Hirough  River and Tampa BypaEs canal and their relatiaw=-r mnovn. 
A map of the stations that were sampled as part of the hydrobiologwl study are shown in Figure 
4.1 Some general findugs from the hydrobiologmJ study relevam to the determination of 
minimllm flows are Nmmarized below. 

4.2.1 S horeline Wits Invent om. Both the Lower Hillsbornugh River and the Tampa 
Canal below Smrure S-160 (Palm River) are highly modified sysrems. Moa of ttte wetlands 
associated with the shoreline of the lower Hillsborough River have been filled and considerable 
sections of the shorehe have been hardmed by seawalls, riprap or other material. Twemy-four 
percent of the total shoreline is presently in naplral cover. River rgmmn neanst the dam have 
the highest percentages of nafural shoreline. with 89 percmt of the shoreline above Rowleu Park 
bridge (22nd St.) in aafltral cover. 

Twenry-eight percent of the shoreline of the Palm River/Tampa Bypars canal above McKay Bay 
is in natural shoreline. However, thm is very little natural shorrline in the sfftions nearest 
structure 160. The shoreline of McKay bay is in relatively good condition. but the morphology 
of the Tampa Bypsss CanalPalm River hasbem Qasrically changedfrcuntbe saeamsmatwerc 
excavated to cRBfc mC canal. 

The Tampa Bypass Canal below Strue~lre 160 hadmuchbgher d t y  values 4.2.2 Salnllry 
than the lower Hillsborough River the dam. Bottom salinities at scatton 12, just below Stmcmre 
160, averaged 24.6 ppt with a minimum vdue of 20.0 ppt Surface salinities at t i i s  station 
averaged 19.6 with a minimum value of 12.5 ppt. These relariveiy hgh salinity values were due 
to the large vohune of the canal anddilution by saltwater. asonmany days there was actually 
more freshwater inflow to the lower TBC thrm to thc Lower Hillsborough River. 

The Lower Hillsborough River had more of a horiumral salinity grahen~ characteristic of tidal 
riven. Mean surface salinity values rauged from 3.9 ppt at sartion 2 (0.5 milts below dam) to 
15.7 ppt. at &on 10 near the river mouth. Salinity in the lower riwr was kughly variable. As 
discussed in later Sctions, relatively small dkcharp from the dam Rsalred m h s h  water at 
station 2. Other stations locateddownmeam f r o m ~ ~ p ~ ~ g r e s s i v e i y b e c a m ~  less saline with 

. .  

dischargK from the dam. 

The respom of saliuity to freshwater iuflows in both the Hillsbomgh River and T x p a  Bypass 
Canal was subject to considerable analyses kyond that presented m the hydrobiological study 
report. The results of these analyses m prrsented in &OILS 4 .5  and 6 of this report. 

4 7.3 Dissolved Oxvnen. SUrfaEc cfirrolvad oxygen 0.0.) *s generally incTcasd 
progressively dormnream in both the lower Hillsborough River rmdtbe TBcPalm R i m  system. 

4.3 



Figure 4.1 Location of WAWSDI Ilad USGS stations in thc Lower Hillsborn& Rivcr 
fmm WAWSDI (1995). 
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~n the Hillsborough Riwr below the dam. low surface D.0 values were typically foundat nations 
3 and5 dunugpcriodrofnodircharge from the dam. Surface D.O. coumamimatstations2, 
3.5 and 6 were positively correlated with chscharge from the dam. Depletion ofD.0. w i b  drpth 
was common in the lower river, and rhere were frequent problcms with hypoxia m bottom waters 
in the lower river. In stations neatest the dam (2 and 3) bottom dissolved oxygen ConccntmiOILs 
were closely related to the rate of freshwater inflows. 

In contrast to the lower Hillsborough River, dissolved oxygen in the Palm 
Riwr/McKay Bay system were not correlated with freshwater discharge at Structure 160. 
Pronounced deciincs in D.O. concenmions with dcpth were observed m the lower canal, with 
mean bottom dissolved oxygen values rauging from 0.7 mgfl at mion  12 to 3.0 mgfl at aation 

D.O. values near zero mgfl were recorded at al l  station above &Kay Bay. 15. hbnnum 

higher in McKay Bay, which is shallow and frequently wind mixed 

The response of dissolvedoxygeninthe Lower HiUsbom Rim andthe Tampa Bypass canal 
u) flow were the subject of condderable analyses beyond that ptmpd m thc hydrobiological 
study. The results of thoa analysesare pr~sentedin stcbns4 and5 of this rcpmt 

. .  

Although pericdc pmbkms were observed, disissolved oxygen comxnmiions were galerally 

4.2.3 W a r  

Total suspended miids (TSS) values in Palm RiverMKay Bay system were considcrab@ greater 
R i m .  Greater phymphkm (and possibly zmphk&n) 

. OtheTdata densities in the Palm/ McKay Bay system couldhave -to this 
have shown that high salinity waters m Tampa Bay havehigher?SS v a l n e s ~ k s h  andlow 

the higher salinity andgrearer influmce of the bay. Station means for TSS incnapcd&wnseean 
UI the Lower Hillsborough Riwr and were negatively conelated with discharge at aU river 
stations. Turbidity was also negatiwiy correlated with discharge at two sratiom m tk lower 
Hillsborough River. As with TSS, aubichiy values wne higher in the Palm Riwr/McKay Bay 
system than in the lower river. Color was positively cornlaad with eliscbsrge in the Lower 
Hiusbomugh and Palm Riven, while Secchi disk values were mptiveiy comlatcd with 
digharge. Onbaphosp~nts was positively comlapd with dischage in thc Lowsr HiUsbomgh 
River but mt the Palm RiwrlMcKay Bay system. 

4.2.4 C3.l- Chlorophyll p concaudons was genrrally highcr m the palm RiverlMcKay 
Bay sysmn thanin the Lower Hillsborough River. Median values in the river gmerally iDcrrasd 
Qwnsueamtowardthebay, ranging from 3.8pgD at station3 to 17.3 ugnatstatian9. Mean 
values also generally followed this partem but werc bewily rofhlmrrrl byablarmonDeccmkr 
1992. 
Stations. In conUast. chlorophyll 4 was e i t b  mt comlattd with dkharge or was positively 
correlated with discharge from Srmcnue 160 at the Palm RiwrMKay Bay smiom. 

t h a n i n t h e L o w e r € l u h m g h  

salinity anasof thebay’stcibutarics, andthehighnTss Vabsinthe ~ K a y s y n r m R f l c c t  

chiorophyll 3 wasnegativelycmlatcd~discharge frmn thc dam at all lowcrrivcr 

Phytoplankton densities were gcncraIly higher and ~ D T F  variable in rhe J % v t o o m  
,diatoms) wmtkcabuadant algal Palm RiwrlMcKay Bay sysmn. The Bat- 
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group in &Kay Bay. There were p a r e r  shifts m group dominance m the lower Hiusborough 
Riwr. reflecting rhc lower river's more variable physico-chwical enviromnmr 'Ihe bighest 
algal populaaons were found in the hshwatcr portions of the Tampa canal, and 
phytoplankton densiries B f  station 12 below Strumre 160 were positively corrdated with discharge 
due to flow releases from the TBC. During times of iugh du;charge to @c Hillsborough River, 
frcshwaar taxa were found extending downsueam from the dam. 

GLfi- Many of the invenebrare colleftions in the Hillsborough 
River and Tampa Bypass Canal systems were indiratiw of stressed envimnmenu with low 
dissolved .oxygen concentrations. Low values of.  orpusm abrmdance, species richness and 
diwrsiey were common during the study, but were most fresuent at sratians nearest the structures 

the second year of smdy generally had one to three orders of magnim& more organisns than 
collections from mid-channcl mas, apparently due m large part to higher dissolved oxygen 
concentrations in the shallower waters. 

(stations 3 and 12). communities collected fmm shallow wafers at stations 3.5, and 19 dunng 

Changes in salinity resulting from &charges from the Hillsborough River dam a f f e c a d  bcnthic 
communities prunady ~t stations 3 and 5.  During periods of peak dischge.  a shift in 
community ccnnpsitions from ermarine species to freshwater species ocfllrrcdat stadan 3. The 
freshwater popllarions rapidly decreased following t a m h i o n  of ctischargcs ffom tk dam and 

responseto~eshwanerinflows,bmthifmacroinvenebratesinthepalmRiverNcI(ayBay~ 
did not show a clear response to chmges in freshwater inflows. 

a return to more saline cwditions. B e c a n s e O f t h c m n c h h i g h e r s a l i n i t y ~ a n d m o r e ~  

4.2.7. Ichthv- n lchthyoplanhon captured in the Lower Hiusborough Rim and Palm 
hver/McKay Bay system wm primarily the egg, larvae, and juvmile stages of marine-de rived 
fishesthat tend to spawninhigh salinity waters. Thest spciesmiglate inm lower salinity wams 
as juveniles and utilize these eSPlarine habitats. Compared to the Little Manatee River. which was 
sampled in another mdy (Petbles and Flarmery. 1W), the Hillsborough aadPalmRiversystems 
had lower taxonomic diversity. richness and evenness, which appeared to be related to poor 
represenration of arbstrate assotiated fishes. A pmmuarrd reduction m ahmdmce of larval 
w s i n  the Lower Hillsboruugh and Palm RivelMCKay Bay synemsappearedreMedtobeathic 
hypoxia. 

4.2.8. Juvenile Eish, Fishes collected c h m g  the two year period werc primarily adults and 
Juveniles of Emall-sized residmt species and the juveniles of eavmally abmdam immigrant 
spcies. Juvenile 6sh abundance increasedprognssivciy Qrmsmam m both the Hillsborough 
River and the TBClPalm RiwrMKay Bay system. The TBCIPalmlMcKay Bay sysem. 
however, conzisrentty harbored more individuals and a greater rmmber of taxa mat did the Lower 
Hillsborough River. 
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mjuiuvcnile khpopulanonswittunrhc study area were cleaarty infhmcedby differing salinity 
regimes. The Hillsbomugb River hoaedmore freshwater andesruarine m a t h  did the Palm 
RiverlMcKay Bay system which harbored more marine taxa The abandanas of many taxa 
reflected responses to salinity regimes. Although mmmxall ' y small, the freshwater resicknt 
community was an imponant componeru of rhe Lomr HiUborough River, where it was largely 
rcstncted to the two most upsueam sfations (3 and 5)  dunng the W W S D l  study. 

The uansient fish communities in both synems was impnant befause most of the -represenzed 
juveniles of species of sport or commercial value. AU transients were marine species that 
seasonally entered the study sites as young-of the year, using these sysoems as musery areas. 

4.3 The Tamua Bvoars canal - Phy@ and h v d r o l o p l c p ~  of the former Six M& 
DeeWPalm Riwr svstun. 

Prior to consauction of the Tampa Bypas Canal, the region east of thc Lower Hillsborough River 
basin was drained by Six Mile Creek which was named the Palm River m in lower rraichts. 
Much of the canal was excavated in the chamre1 of this cmk/nvcr system. highly altering the 
physical and hydrologic characteristics of rite dmnage basin. These alterations also p a @  
affected rhe ecological chmcteristics of the downstrwm estuary, including tbe response of water 
quailly and ecOl0p;lEal variables thcre to freshwater inflows. Acmdiu& , abriefcksmpthof 
the physical characteristics of Tampa Bypass Canal isprrsentedbelowpriorto discossing the 
freshwater hilow relationships of the presmt-day estuary. This demipnon is very general. as 

the Tampa Bypass Canal ( M O Q ,  1975; KnntiUa and -% Geraghty and kfilkr, 1982, 
other repom can be Eonsulod regarding the history, c . bydrologyaudoperationsof 

1986: HDR, 1994). In jmmmlar, fhe q m r t  by HDR (1994) prepnts a good comprcrison of the 
Tampa Bypass canal with the former Six Mile Creek/Palm River system. Other physical and 
hydrologic cornparisom between the canal and former cmklrivcr symm BIC presmted in 
Chapters2 and 6 of this minimum flows report. 

Prior to constructionof the Tampa Bypass Canal. the mourhof the palm River where it entered 
McKay Bay was about 650 feet wide. The river stllddy narrowed to about 400 feet one quarter 
of a mi le  upstream, then to 200 ftet onc-quarter mile above h4aydell Drive (see Figure 4.1). 
Appro- a bend another qnarter mile upsueam. the r i m  widened to SM feet for a short 
suetch, then rapidly narrowed 10 under 100 fect Where Stmcm 160 isnow located the riwr 
creek was barely 5Oftetacross. A gnphic comparing the CTOSS secrionsof the TBC andsix Mile 
Creek before canal consaustion m the region upstream of Structnn 160 is shown m Figure 4.2. 
Navigation charts fmm the 1870's to thc 1960's show the rim to be only five to six feet dsep at 
its mouth, gr&tUy shaUowing to three to four feet Im ma0 ahalfmile upstream (HDR, 1994). 

Conmuction of the canal eniargedthe former rivcrchamel to annmd500-550 feet wide from tk 
Maydell Drive Bridge upsacam to Strncmre 160, and 600 to 630 feet wide in the dow-nmcam 
reaches. In some places, the crmal is much as twelve times thc pre-project width of the Palm 
River. The b& were sreepmed and most of the natural shorrline vegctariOn was replacedby 
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a grassy berm. The shallow boaom of the river was dredgedto depth of roughly 20 feet and some 
of the river's meanders were maighpned. A nav~gatiOnaVflwdway chamtel that was dredged 
beovtenPalmRivcrmouthandtbe22"St.~auscwaybndgevariesbetwtenllEmd15feetdtep. 

Babymemc cross sections of the lower reaches of tbe canal arc presemedon pages 45 through 47 
of HDR (1994). These show the generally ucep sides and aapaoidal shape of the caaal. An 
important featurr is a relarively shallow sill that occurs at US Highway 41, which is apparently 
left k t  to support the bridge pihgs. HDR (1994) and various professionals in the area have 
suggested this sill inhibits tidal flushmg and circulation of bottom waters in the lower canal. One 
proposal for canal restomion is to fill the region upanam of the sill, to make that reach of the 
canal shallower to provide better circulation and improve dissolved oxygen connnaarions. 

In addition to chamel enlargement, cOIlSrmCtion of the Tampa Bypass Canal resulted in an 
mrease in freshwax flows to the tidal reach of the fonncr Palm River and McKay Bay. As 
describedin Chapm 60f this report. excavation of the canal brcecbcdtk top of the Upper 
Florida Aquifer, increasing gnnmdwarer dkcharge to the canal. Also, flood flows from the 
Hillsborough River are now periDdicauy routed thou@ the canal system. E m  withopt thcse 
storm diversions, analyses iadicare that saeamflow and baseflow have been increased by about 
1.5 to 2 times theirpre-consauction values (Knufillaand Corral 1984, Chapr6  of this rrport). 
Despite this increase in flows, salinity values below S- 160 are typicalty nlarivcly high due 
to the large dilution volume of the tidal rrachts of the canal. Rclmon&ips of hdwatrr inflows 
to salinity and water quality parameters in tbestnarybeiow S t r u m  160 are discwedin the 
following section. 

d Dissolved Oxveen Data in the Palm RiverNrKav Bav S v w  4.4 sallnltvan 

, 

. .  
the WARISDS H v d r o b i o l u  

Statistical summariesandplotrofsalinityanddissalvtdoxygmdataframthtPahnRiver~Kay 
Bay system collected by WAWSDI are discussed below. saliaity data from thzu smciy wm also 
analyzedm the repon sponsoredby the TampaBay National Esruary Program (Coastal, 1997). 
The findings of these othcr studies WARISDI. 1995; Coastal, 1997) ~ r c  discussd below along 
with the District analyses. 

4.4.1 sallnlry 

Salinity values are considerably higher in the Palm River/McKay Bay sysmn COmpaRd to the 
Lower Hillsborough River. The location of the WAWSDI Staeions in tk Palm Rivcr/McKay Bay 
system are shown in Figure 4.1 @age 4-4). Starions 12 through15 am located m the chanaelof 
the former Palm River: stations 17 and 18 are in the navigation channel in &Kay Bay, and 
d o n s  16 and 19 are shallow stations near the McKay Bay shore. A Scatistical mmmaryof 
salinityatthesestationsispsentcdmTable4.1. 

. .  
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Table 4.1. Snmmary stetistics for salimty at W N S D I  srations in the Pahi River and 
McKay Bay. U n i w  noted m pamubss, the number of obscrvrion is 24 for 
all stations except station 14 whichhas 38. AU values as pam per thousad. 

SUrf8EC 
1 M  
2 M  
3 M  
4 M  
5 M (21)  

Surf ace 
1 M  
2 M  
3 M  
4 M  
5 M (20)  

&&&Lu 
Surf8ce 
1 M  
2 M  
3 M (35)  
4 M (33) 
5 M (27) 
6 M ( 6 )  

EWLaLU 
SUrf8CB 
1 M  
2 M  
3 n  
4 H (23)  
5 I4 ( 4 )  

i%&su& 

w 
19.6 
21 .8  
2 4 . 0  
24 .5  
24 .9  
24 .4  

20 .4  
22.6 
24.0 
2 5 . 0  
25.2 
24.6 

20 .7  
22 .3  
24.2 
24 .4  
24 .8  
24.3 
2 3 . 9  

21 .3  
23 .1  
2 4 . 7  
25.3 
25.3 
25 .0  

surf8cS (23)  22.4 
1 M  ( 1 5 )  22 .2  

Station 1 7 
S U r f 8 C e  23.4 
1 M  2 3 . 7  
2 M  24.9 
3 M  25.5 
4 M ( 1 9 )  25.9  
5 H ( 8 )  25.4 - 
Surface 23.8  
1 M  24.0  
2 M  24.6 
3 M  25.3 
4 H (16) 2 5 . 8  

gtatroa 12 
S U X f r #  23.4 
1 H (13) 22.3 

4.2 
3 . 6  
3 .2  
2 . 7  
2.4 
2 .6  

4 . 1  
3 . 6  
3 . 1  
2 . 1  
2 . 1  
2.3 

3 . 6  
3 .2  
2 . 5  
2.6 
2.2 
1 .9  
0.8 

3 . 9  
3 . 1  
2.3 
2 .2  
1 . 9  
2.4 

4 .4  
3.9 

3.5 
3 .3  
2 . 4  
2.1 
1.8 
2.0 

3 . 4  
3 .3  
3 . 0  
2.3 
1 .8 

3.4 
3 .4  

4.10 

12.5 
1 5 . 0  
15.0 
19 .0  
20.0 
20.0 

12 .0  
15 .0  
1 6 . 0  
21.0 
21.0 
31.0 

14 .0  
15 .0  
19.5 
16.0 
10.5 
20.5 
23.0 

14 .0  
16.5 
1 0 . 0  
21.0 
21.5 
23.0 

15 .0  
15.5 

16.0 
16 .9  
20 .5  
21 .0  
23 .0  
23.0 

16.0 
16.5 
18.0 
19 .5  
23.0 

14.0 
15 .5  

aEz 
28 .0  
78 .0  
2 9 . 0  
2 9 . 0  
29 .0  
29.0 

28.0 
28.0 
29 .0  
29.0 
29.5 
29.5 

28 .0  
28.0 
29 .0  
29.5 
29.5 
28.5 
25 .0  

27.5 
18.0 
28.0 
28 .0  
29.0 
28.5 

30 .0  
30.0 

29.0 
29 .0  
29.5 
29 .5  
29.5 
28.5 

30.0 
30.0 
30.0 
30.0 
30.0 

27.5  
27.0 



Mean values for surface salinity ranged from 19.6 ppt at station 12 to 23.8 ppt at station 18. 
Bottom saliniries at the deep-war nations showed less spatial variarton. with means ranging fnrm 
24.6 pp t  at station 12 to 25.4 ppt at nation 18. For tk starions in the Palm River, vemcal 
salinity gradients o f 2  to 4 ppt were fmpmtly observed m the top two meters of water, while 
vemcal W t s  were wry rllght at dcepr depths. SaUty was more uniform from top to 
bottom at shallow aaddeepwatcr stationsin McKay Bay, possibly due to gnam fetch a n d m  
HuxUlg. 

Time series plots of surface, bottom, and mean Water column salinity are presented m WAR/SDI 
(1995). Plots of surfax values ane presented on page 6-37 of Volume 1 of that  port, while 
mean water column and bomm values are ploaed in AppnQccs Q and X. At station ,12, which 
isnearStrucrure 160,surf~esalinincswerebelow 1 5 p p t o n  ttueeoccasionsdnringthewoyear~ 
of sampling. Bottom salinity at this seation cklimd to 20 ppt on only two dates d t m g  ttte 
summer of 193. Horizontal salinity gradxntsat deeper watcn weregarcrally very slight above 
station 15 (A- X WARISDI). Mean salinity values for boaom waters at Stations 12 
through 15 varied only between 24.6 and 25.3 p p ~  

Plots of saliniry at the WAWSDI vs. flow at Stru~tum 160 are shown m Appmdix Kof 
this minimum flows rrport. Plots are presmted for t&e same four flow terms rued for the Lower 
Hillsborough Rive1 (sameday, and prccedmg 3-, 8-, and 14aay average tlows). Plots are 
presently separately for 811 expaaded flow rangt and flows less tbmuw) cfs so the rrsp~nse to low 
flows caube more closely examiatd All depths are combined so that stveraI datapoinn arc 
aligned verrically for agiven flow. Since snrfacc salinity vatnes arc lyplrplly thelowest, they are 
olientedclosa to thc x axis in cach Qtagrmrp with boaom ralinities orimadtowardthe top of 
each graph. In contran to the Lower HillsborollghRivcr, wfiere there were freqnentncdkhaq C 

conditions, there wert only two sampiing dates for the Palm RiverlMCKay Bay wkre there was 
no discharge from Saucture 160. . 

The plots of salinity vs. d i s c h q e  in Appendix K can be compared to plots presented by 
WAR/SDI (1995) and Coastal ( 1 m .  The plots in bese otbr repommaybe epskrto interpret 
because the depths are not combined Plots of arrface andmean water column salinity vCIsllS 14- 
day discharge at smcaue 160 are p ~ e n t t d  in ~ppndicc~ s and T of tht WARISDI rrporr 
Coastal (1997) prrsenred plots of sakily at separare deptas at statiom 12 thrcmgh 15 vs. zday 
ducharge from thc canal, with regnssions finedto mC data UsingmcSe regrwsions. Appmdix 
0 in the Coastal rrportliSrspm3cledsahity values at these srations forcanalduchxgcsranging 
from 0 and 100 cfs in 10 cfs increments. These results are also presented m Table 4.2 on the 
following pages. 

The regressions developed by coastal (1997) slhow that relatively hgh saiinty *s per5ist in 
the P a h  Riwr at flows less than 100 cfs from S m  160. Rem;acdsurfax salinity values 
at Stations 12 through 15 are between 19.3 and 21.2 ppt at flows of 100 cfs. while predicted 
salinitiesinbonom waters at ther stationsrange -23.4 to24.5ppt. ~~ is 
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a reduced at these starions as frcshwarer innow incream, salinities remain within ttte polyhaline 
zone (18 to 30 ppt) of the Venice system (Anonymus, 1959 as cipd in Bu@r et al.. 1993) and 
the outer-emark zone 4 (16 to 27 ppt) of the NOAA saliniry clarsifiEation system (Bulger er 
al. 1993). 

As expected. the results presented by Coastal (1997) show the response of salinity in the Palm 
River is cun?llILcBf , with salinity being most rcpnsive at low flows. By iancaSing flow from 
0 to40cfs. nuface salinities in the Pahn River (Stations 12 through 15) are prdcted to den= 
by 3.2 to 4.4 ppt to p- values in the low tD mid-twenties flable 4.2). Predicted salinity 
values correspondmg to 40 cfs flow at depths 1 meter and greater in the Palm River mnge from 
24.2 to 26.5 ppt. Since the median flow for the former palm River was 43 cfs (page 6.6). 
salinity m the palm River given pre-consrmction freshwater inflows 4 d  remain well above 20 
pptmostof the time. l h  reason for these high giinny values is the largewbnne of tidal water 

River, where relatively small hcreases in freshwarer Mows pnxtucc expendtd ofigohaline and 
mesohaline habitats, it is unlikely if the important ecoiogul charanems of the Palm River 
related to salinity are changed at these levels of freshwater Mows. 

4.4.2 Dissolved 

StaristiEal Summaries of dissolved oxygen (D.O.) at individual depths for I& WAWSDI staim 
in the Palm River and McKay Bay are presented Table 4.3. This informarion is compand ID 
results presented m WARfSDI (1995). 

Problems with hypoxia were frequent at starions in the Palm River, PiatiElllarty m deeper waters. 
Mean D.O. vaiues of lest thau 3.0 mgll were observed below two mcm at station 12; below 
three meters at station 13: below five metm at station 14, and below four meters at station 15. 
Minimum D.O. vahes below 0.5 n@l occurred at one mmr and deeper at stations 12 through 
14, and deeper thu fwo meters at station 15. Disolvtd oxygen coILCmpBti01ls were gmeraUy 
higher in &Kay Bay, as mean values above 4.0 mgfl were found for all Stations and depths 
except five meters at aariOnt 17 and four meters at &on 18. Periodic problems in deep waters 
at stations 17 and 18 kargely occnrrrdduring the wann months betwcen May and October (see 
Appcndu X in WAWSDI, 1995). 

Plots of dissolved oxygen at stations in the Palm River/McKay Bay system vs. discharge at 
Srmcmrr 160 are presenred m Appcndur L of this District report. Plots arc presented sqaratcly 
fortheenriRflowrangeandflowslessthan2OOcfssotheresponsetolowflowscanbemore 
closely examlnd . Rdationshp of dissolved oxygen with discharge wme w& as the plots show 
considerable scaaer. There appermdto be some temtency for low D.O. valncsatsrations m the 
Palm River at flows above 140 to 160 cfs. C o d  (1997) performed rcpessh aalysis of 
dissolved oxygen in the Palm River from thc WAWSDI data set and found the slope m t e r  

diffeIUl1 formnpmtwe was significant mall cases. but the slope for flow was not armlficantlv 
fromzen,@<.05)exceptatStarion13anda~of3meters(psee6-11inCoastal1997). 

. .  

in the canal system which acts to dilm freshwaprinflows. Inconaastto the Lower Hillsborou Bh 

. .  
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lkm 
amsb€u2 

Surf- 4.6 
I n  3.9 
211 2.8 
3 n  1.5 
4 M  1.0 
5 M (21) 0.5 

-rim 13 
Surf- 6.4 
1 M  6.1 
2 M  3.8 
3 M  2.5 
4 n  2.0 
5 M (20) 1.0 

on 14 
S u t f a  6.8 
1 M  6.1 
2 M  4.9 
3 M (35) 3.7 
4 M (33)  3.3 
5 M (I?) 2.4 
6 M ( 6 )  1.7 

~~ 

Surface 7.1 
1 u  6.2 
211 4-8 
3 w  3.6 
4 M (23) 2.9 
5 M (4) 0.4 

Surfam (23) 7.1 
I n  (15) 5.2 

Station 17 
Surface 6.6 
1 w  6.2 
2 M  5.2 
3 w  4.3 
4 M (19) 3.6 
5 M (81 2.4 

Sfation 18 
S u t f & a  6.8 
1 w  6.5 
2 n  5.6 
3 M  4.7 
4 M (16) 3.6 

S W f -  6.6 
1 U (13) 5.1 

EsGLQLe 

ru;e 
2.4 
2.7 
2.6 
1.3 
1.3 
0.6 

3.0 
3.1 
2.2 
1.7 
1.6 
1.5 

3.0 
2.8 
2.4 
2.1 
2.2 
1.9 
2.7 

2.4 
2.0 
1.9 
2.0 
2.1 
0.2 

1.8 
2.9 

1.6 
1.5 
1.6 
1.9 
2.1 
1.9 

1.4 
1.3 
1.5 
1.8 
2.1 

2.1 
2.3 

WA 

1.3 
0.3 
0.1 
0.1 
0.0 
0.0 

0.8 
0.4 
0.2 
0.1 
0.0 
0.0 

0.2 
0.1 
0.2 
0.3 
0.1 
0.1 
0.1 

3.8 
2.1 
2.0 
0.4 
0.2 
0.2 

4.2 
0.8 

3.6 
3.6 
2.6 
1.2 
0.6 
0.1 

3.8 
3.6 
2.0 
0.7 
0 .4  

3.1 
1.6 

rpE 

8.9 
10.0 
11.0 
5.4 
4.9 
2.2 

13.9 
13.0 
8.2 
6.0 
5.2 
5.8 

14.0 
12.5 
9.4 
7.9 
7.8 
7.0 
7.0 

13.0 
10.1 
9.1 
7.0 
6.8 
0.6 

11.4 
9.3 

10.2 
8.6 
8.4 
8.0 
7-7 
5.1 

10.3 
9.3 
? . 8  
7.3 
7.0 

11.0 
8.6 

4.15 



Plots of dissolved oxygen c0ncentrath.s at deepwater Sraeions in McKq Bay gareraly had more 
scatter than those in the palm River, and them didnot appearto be any comismtrelationship 
with freshwater inflows. Regrrssions performed for this report similar in form to the regressions 
performed by Coastal ( 1 m  for the Palm River did not fmd any sfatistically sqi fkam (p< .05) 
relationships Wim flow. ClimarOlogicaJ conditions (wind and temperamre) probably control 
dissolved oxygen c0ucentrath.s in &Kay Bay to a large extent. Dissolved oxygen 
concentrations were generally higher at the shallow miom (16 and 19). and similarly ctid not 
show any relaiionshxps with freshwater inflows. 

Plots of surface and m c ~ n  water column dissolved oxygm.values vs. 14-day disfharge are shown 
in Appendices S and T of WAWSDI. For nations in ttte Palm River. these plots possibly indicate 
a neganve relationship benveen dkharge and mean warn column D.O. between 0 and 80 cfs, 
some rebound in the 100 to 200 cfs rauge, and low values above 200 cfs. Surface values showed 
grrarerscatrer,butwiththeexceptionofstarion 12, sJmwedsometendencyforhigherD.0. vatues 
at flows less than 70 cfs. Plots for stations in McKay Bay showed no appanot relationrhrps witb 
freshwater inflows. WAR/SDI (1995) found no statisticall y SignifiEant comlaiions between 
distolved oxygen comemations and discharge from Structure 160 at all otartons in the Palm 
WverlMcKay Bay system. 

'ssolved Oxygg Data forthe Palm I(lwr&McQy Bav-w H- 4.5~ and DI 

The Hiusborough County Environmental Protection Commission (HCEPC) collecu water qnality 
data at two stations in the Palm River andone in McKay Bay. Station 110 is M a t  the State 
Road 60 bridge (SR 60); Scation 109 is a! U.S. Highway 41 (US 41) bridge: and station 58 is 
located near the center of &Kay Bay. salinity and dissolved oxygen data are collected for 
surface, mid-dcpth, and bottom waten. Data for middepth values began severat years before 
data collection for surface andboaom waters. The HCEPC data for- values summariztd 
in this report ranged from 1974 to 1995, while the data for aufsce andboaom w a m ~  ranged from 
1987 to 1995. 

Staasdcal summaries of salinity at the HCEPC stations m the Palm River and 4.5.1 S&UW 
McKay Bay are presented m Table 4.4. The mean salinity vaiues for surface, mid-dcpth and 
bottom waters at SR 60 (swion 110) were 19.2, 20.1 and 25.6 ppt. nspctively. The meau 
values for . d a c e .  mid-depth and bomm waters at US 41 (station 109) are 20.4.20.1 and 25.8 
ppt, respectively. T k  d a r i t y  of mean values for surface and rmd-dcpth at these stations may 
due to different lengths of records for these depths. 

. .  

. .  
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Table 4.4 Statistical summary of salinity values a! HCEPC Srations in the Palm River and 
Mafkay Bay. 

110 (State R0.d 6 0 )  
ma man Std.  Kln. Max. El 

0 
Surface 19.2 4.3 0.1 28.0 117 
Mid 20.1 6 . 8  0.1 39.8 269 
Bottom 25.6 3.6 0.1 33.0 117 

S t a t i  on 10 9 (us w v  41)  
D e p t h  M E U l  Std. Kin. nax. N 
surf ace 20.4 4.0 7.0 31.4 119 
Mid 20.1 6.3 0.1 31.3 271 
B o t t o m  25.8 2.7 17.7 31.2 119 

gtatiQn 56  ( # m y  B4yL 

Surf ace 22.5 4.9 0.4 32.8 232 
Mid 23.9 4.7 2.5 39.2 262 
B o t t o m  25.3 3.8 3.9 35.2 232 

-Pa Maul 8td. win. yar. H 

Plots of w f a s e ,  mid- and boaom salindy at the HCEPC Stations are plotted vs. eqht4ay 
duicharge from the Srmcture 160 on the Tampa Bypass caaal in Appndix M-1. Plots are 
presented separarely for flows less than 200 cfs and an expanded flow range. Simiiar to tk 
W M S D I  data for Station 12, surface salinity vatuw marthe SR60bmlge were odyinfreqmntly 
below15ppteventhDughtheHCEPCdarabasecovcn~ sampbnggnrnincyears. Thm 
was consi&rable scatter in the plot of nucl4@1 raliaity at SR60 vc~slls flow. possibly dnc to the 
longer periodof record for thesemearurrmmts. Also. snlinity atmid-dcph cau m y  d d m b l y  
depenchng on the depth of sampte in mhionto the -of ththaloclim.. Venical pro* data 
from WAWSDI show that mong gradima in salinity ~ a a o c c n r b e t w # n o ~ ~  and three 
depth. The very low mines (<2 ppt) formibdcpth salinity at flowsof less W u X )  cfs are 
intereaillg. widl only one exception, all WCR RcordEdbefore 1987 WIKn there an ILD surface 
or boaom values for comparison. Data~cordedafter 1987 BIC groupdm~n closely with& rest 
of the data. The plot ofbottDm ralinity at SR 60 WZUIS flow is very fiatat flows ley tb1#10 
cfs, showing thc rehtivt isolation ofboacrm wafns in tlE c a d  to the effects of freshwarrf 
iIlflOWS. 
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?hc plots of saliniry at US 41 versus are similar to the plots for SR60, withhemost ratter 

considerably less scatter for the mid-depth readmgs. This may be due to the greater vertical 

the HCEPC data show that very high flows (> 600 cfs) cau reduce salinity to less ma0 1Opptat 
some depths and stations in the Palm River/McKay Bay system, Qe rcspome of salinity at the 
HCEPC stations is nlatiwly flat compared to riverlermarine system in simrhwst Florida. This 
is likely due to the large volume andmorphomctry of the canal system. whichactsto dminish the 
effect of freshwater M o w s  compand to more na&uxal river systems. 

OcEurring in the mid-dcpth -gs. salinity values are somwhat hlgkr in &Kay Bay. with 

mixing that O C M  in McKay Bay compared to starions m me Palm River. AlttKlughtheplotsof 

4.5.2 Disso lved oxvpee Statistical summaries of salinity at the HCEPC nations in the Palm 
hwr and McKay Bay are presented in Table 4.5. As wim the WARISDI data at m i o n  12, 
mng vertical m e n u  in D.O. cccur at SR 60. which is just dormstn~m frmn Strucaue 160. 
Mean values at mid and bottom at this station are below the state scendardfor instantaneouS 

similar to the WAWSDI data, mean dissolved oxygen concmtations arc improved somewhat 
downstream at US 41 and &Kay Bay, but hypoxic waten arc still freqaenty fonndmmid-depth 
and bottom waters. 

reaibgs for eRuarine wams (4.0 mg/l). with b o r n  mrs bemg p a r h k i y  hypoxic. AWL 

Table 4.5 Sratinical summary of dissolved oxygen conccmm 'ans at HCEPCscationsinthe Palm 
River and &Kay Bay. AU values exaptn are expr*uedas@. 

station 110 (Stet. mad 6 0 )  
Dapth mean S t d .  nin. mx. n 
Surface 6.4 3.9 0.2 18.0 121 
Mid 3.1 3.1 0.0 17.2 276 
B o t t o m  1.1 1.5 0 .I. 6.0 123 

Depth man std. Xin. Max. If 
Surface 6.0 2.7 0.3 12.4 12 6 
Mid 5.3 3.0 0.1 16.9 279 
Bottom 3.2 2.1 0.1 7.9 12 6 

station 5 8 (- 8.V) 

D.pth wan Std .  Xin. 1Lar. 19 
Surface 7.0 2.9 1.9 18.8 210 
Mid 5.7 2.5 0.2 15.0 211 
B o t t o m  3.7 2.2 0.1 11.0 254 

Plots of ctissoivcd oxygen in surface, mid, and bottom waters are plotted msus dkharge from 
Strumre 16Oin Appndu M-1 of this report. Plots an present& for flows less thiln 200 cfs and 
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for an expanded flow range. The plou for SR60 zhow the high freqnmcy of very low D.O. 
~~formiddleandboaumwatcrdepths.  Dissolvedoxygenconceoaariontisimproveda~US 
41. as there are marktdly fmer obscrvarionr, of D.O. less rhan 2.0 m u .  Dissolved oxygen is 
further improvedin WKay Bay, where occurrc~l~es of concentrations of less than 2.0 mpn are 
ulfmqum atnliddepul, but c e m  less than 1.0 mgfl continue to be foundin bottom 
waters. It shouldbe pointed out tha~ this station is in the ChaMel m be middle of &Kay Bay, 
and boaom conc-may k snbstannaliybqher m the widespread Woarerregions of the 
bay bottom. 

At all HCEPC stations there is conddcrable scatter in the reIationhp b e w m  distolved oxygen 
and flow. Correlations between dissolved oxygen flow tesud for thc HCEPC stations are 
presented in Appendix M-4. Conelarim  we^ iuvesripted using both log-transfDrmed and 
unnausformed flow variables. There wm weaknegative correlations ( r values of -. 18 and -25) 
between surface dissolved oxygen with flow at State -60 and a weak negative correlation 
betwecnmid-depthD.0. andlog-aansfomedflow (r= 45). Srmilarfy. h D . 0 .  hadweak 
negazive correlations with flow a~ US 41. but ormifirant comlamm ' @<-05) wm fmnd for 
only one of the ow0 flow variables for mid-depth and bottom wptcrs. In McKay Bay, weak 
negative correlations were found for surface. mid-depth, andbottom waters for one of the two 
flow variables. Probably me most concludvc fmding of the wnulamn . anf@sisisthatthrrcare 
no positive relattonships between flow and dipsolved oxygm mmnamhs in tk Palm River 
McKay Bay sysmn. The combined results fmm WAWSDI and HCEPC data indica~ that 
reductions in flows fmm the srmcture 160 shddhave not have my negative efktsondissolved 
oxygen concentmiom in the Palm River or %Kay Bay. 

As dimmed m Chapter 7, proposals havebeen- to examim the feasibility o f m y  
restoring pomons of the F%lm River. If physical m d f i m m s  ' aremade to& Palm Rim, this 
could change the relationships of dissolved oxygen with freshwater inflows. Aceonimgly, if 
physical modificationsare purslredonthe Palm Rimatafnmrc date, mt DimiEt will reevaluate 
minimum flows for this watcr body at strncture 160. 

. .  4.11. WaterOualihrc-thePahnRi-bvb- 

for waterquaiitypammers inbe Palm River moniamdbymtHCEPCaIC summary- 

the Tampa Bypass Canal are pmentedin AppmciiX M-3. while ~Omlantms . oftheseparauK!ters 

. .  
presented in AppenmX M-2. Plots of these pmmc?en vs. &day discbarge fmm Stmcturr 160 on 

with discharge are linedin Appendix M-4. 

Mean values of pH at the three HCEPC stations rangedfrmn 7.6 at US 41 to 8.Om McKHy Bay. 
There were signiificant negative correlations bermen pH aad discharge at all statiaps. High flaws 
mdedto reduce pH concmtrafions as values above S.OmS/l wcre large8 rtsoicttdto flmless 
than 14010 170cfs. There was animcresting pamm at thc WKay Bay sation in mat pH seemed 
to rexh its hlghea values at flows bcrween Nsnd 90 cfs. Color waspodrivcly comlatcdwith 
flow at ai l  d o n s ,  but Mhues p a m  thau 70 pcu were limited to SR60 end US41 at flows m r  

than 500cfs. 4.19 



Mean chlorophyll concatrations wcre highest in the palm River. with means of 31.5 and 27.9 
ug/l at stations SR60 and US 41. Median values were also high (21.4 and 20.1 pgll) at these 
nations lndicanng that large phytoplanLLDn popuLations are common in the Palm River. 
chlorophyll a was negatively correlated with m e  at born smions, bnt this appearrd partly 
driven by several very bqh Mhtes at each station at flows less than 130 cfs and a tendmy for low 
values at flows greater than 800 cfs. Plots of chlorophyll 4 vs. low flows at SR 60 appear to have 
somewhat of positive rehionstup at flows less than 60cfs. but rhere was a rendmcy to not have 
high values ( > 40pgll) whrn flows were above about 130 cfs. A reduction in high chlorophyll 
values at flows above 130 cfs was more apparrnt at US 41. it gppean drat low and medium flows 
don't have much effect on chlorophyll 3 concennations in the Palm River. but high flows act to 
reduce very large algal blooms. 

Meanandmcdianchlorophyllaconcennationswere23.6and 17,7~g/lattiteMcKayBaystation. 
Similar to the pattern for pH, there appeared mute teadeacy for maximum chlorophyll 
concentrations whm flows wm m the range of 30 to 9Ocfs. ChlomphylpPndpH has dgnificant 
positive cornladon (r= .25) with each other and algal blooms may COaaibDte to hi@ pH 
redmgs. Chlorophyll a had a weak negative correlarion with muransformtd flow, but nof log- 
transformedfL0w. Compared to stations in the Patm River. redncaons ' incblorophyllaMrenot 
as apparent at high flows. If achlorophyll wash out process is operating in tk Pabn River, itmay 
mtbeasprommedmMcKayBayductodiffermce smcirrnlation charactmmc . 'sandrrddmce 
times. 

Biochemical oxygen demaud (BOD) was negatively conelated with both disEharge mms at the 
Palm River stations. with low values again king most consisrmt at flows above 120 to 130 cfs. 
BOD and chlorophylla were positively correlated with one ano- at all stations and plots versus 
dischargeshowedsimilarpanems,indiEaring~m~oftheBODin~PalmRiwrlMcKayBay 
system may be related to phytoplankton abmdance. Since algal blooms arc frequmt in the 
freshwater porrionS of the TBC (WAWSDI, 1995). die-offs of freshwater algse washed into the 
brackish waters of the Palm River could comife to oxygen demand there. Flows of a sufficimt 
magnitude may inhibit large algal blooms in both the TBC and the Palm River. 

There was a sirmifirnnt mve correlation of mtal suspcndtd solids (TSS) with flow at US 41, 
but the correlations were weaker andnon-slgplficantatSR60 and McKay Bay. Datafmmotk  
mdieshave shown that the open waren of Tampa Bay haw higher TSS midings than the brackish 
reaches of the bays tributaries. As with the Lower Hillsbornugh River, it appan high freshwanr 
flows from Structure 160 ChSpLace high 'ISS water entering the mouth of the Palm River from 
McKay Bay andultimateiy T ~ p a  Bay. 

Plots of all nitrogen and phosphom forms exhibited considrrable scatter with regard to discharge 
at Satlcture 160. No significant correlations were found. except a positive correlation of total 
nitrogen with flow B f  the &Kay Bay station. Tht relathship of baxcriologid paramaEIs wilb 

with flow at SR 60 and total colifonns which were positively conelated with flow at Md;ay Bay. 
flow were also very weak, with the exception of fecal coiifonns which wae pwitively C O m M  
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5. RECOMMENDATIONS OF THE TAMPA BAY NATIONAL ESTUARY PROGRAM 
MINIMUM FLOWS ADVISORY GROUP AND SUBMITTAL OF FINAL REPORT. 

P a0 ws advlgnrv 

In October, 1996, the Southwen Florida Water Mauagemem Dimict requested that the Tampa 
Bay National Estuary Program (TBNEP) c o n m e  a tpchnical advrsory group for& establishment 
of minimum flows for the Lower Hiusborough River and the Tsmp Bypass CanaUPalm River 
system. This advisory group met on approximarely a monthly basis through May 1997. 
advisory group included representatives of szate, local and repond agenchs, municrpal and 
regmnal utilities, citizen environmental groops, and pmksiomh from private firms and 
labOratolieS. 

The objective of the minimum flow advisory gmup was delired at the initial meeting and 
subsequently clarified as foUows: 

Provide technically sound recammendan 'om to SWFWhD staff for identifying and 
evaluatingthtwatcrmaurctsand~logicalcriterianeccssarya,~~minimrrmnows 
on the Hillsborough River dormstrram of ttrc dam andonth P a b  RiwdTampaBypass 
canal downsoklm of stmcmre 160. 

The advisory p u p ' s  f i n a l ~ ~ ~ t o t h c  Disaict a~ A* N-I. It w a ~  

determined that the role of the group didnotincludepronding a&finilion of 'sipitlcantharm" 
as that term is used in Sec. 373.042 FloridaStatntes, nor wopldtbe ammiuee recommmd a 
specific minimum flow rate for e i b r  the Lower Hillsbornugh River or the Tampa Bypass Canal 
mc). Instead. the advisory group real- criteriatb? Disaict shwldevaluate and 
consider m establuihmg minimmn flows. Many of these * sonspertainedodytothe 
Lower Hiusborough River. A Ehronological s~mrmary of tht mmniuec meetings prepared by 
TBNEP staff (Appcndur N-2) providcs some backpnmd on how the ' .  were 
developed 

In support of mC advisory group's activities, the TBNEP managed a contract with Goad 
Environmental to consolidate previously colkcted data for the rim and canal and develop 
statistical models for salinity disuibunons and diosolvcd oxygen commmhs as a function of 
freshwater inflow. Also, m slppa of advisory group activities. sraff from the Florida 
Depament of b- protection Marine Reswrch instimre pcrfonncd new analyses of. 
datacoked  from b e e  &&s as pan of the fisheries mdcpndmtnmitmingprogram for 
TampaBay. ThcDistrictrcviewcdandcomickd the findings of thtsc sbldies in itsmmimum 
flows evaluation. Conclusions and comments =garding these smdits are .dinsections 
5.4 and 5.5 of this repon. 
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The District and the TBNEP minimum flows advisory group i&mfied . sewral points of agreement 
regarding criteria for estabhhng minimum flows. Two key poim were that salinity and 
dmolved oxygen are critical water qnhty variables affecting the abundance and distribution of 
organisms in the Lower Hillsborough River and the tidal w & e s  of the Tampa Bypass Canal. 
Accordmgly, the determixmion of minimum flows evatuated how freshwa!rr flows affect the 
distribution of salinity aud dissolved oxygen concentrations inrhese watercomes. The protection 
and enharwment of fish popuktions in these wamixurscs is an imponant criterion for 
management and relationshrps of freshwater flows to p o w  fish habitat was an important 
ecological factor that was evatuared. The relationships of other biological parameters (e.g., 
benthic invertebrates, shoreline plant communities) to freshwater inflows were enbated as hey 
affect the overall biological integrity and productivity of the systems. 

Based on these consideratons, tbe basic approach for minimnm flows determination was to 
evaluate salinity and dissolved oxygen disaibutions m the lower Hillsborough River and Tampa 
Byposs canal as a function of flow releases from the corn- water control srmcturrs. 
S t a t i s i d  models andaphyslcal deremhistic -1 were uscdto evaluate salinity dkaibmions 
in the Lower Hillsborough River as a function of frcrhwatrrinflom. Sta&icalmodelswcre used 
to prcchct salinity in the Tampa Bypass Canal. S t a t k h l  analyses were used to pr&ctdissolved 
oxygen concmtrations and the probability of elrperiencing hypo& (low dissolved oxygen) 
conditions in the Lower Hiuaorough River under rarious minimum flows releases. 

Saiinityanddinolvcdoxygendistribntionscalculatedbythcse~thodswere comparedto potential 
habitats available for fish and other o r g h .  Physical habirat features that were compared to 
salinity and dissolved oxygen distribntions included shoreline 1- wgemed shoreline. river 
dinance, auface area, bottom area aad river volume. Frcvions biological data for the river were 
used to evaiuate species that mukt be expected to use potential habitats. Aka, rehionships of 
different species to salinity. dissolved oxygen, and physical riverinel- habitats described 
in the techuical l i t e m  and data from other tributaries to Tamp Bay were used to evatuate 
potential habitat ue. 

The am- of freshwater and low aud medium oalinity habitats in the river wcre gUantifml for 
the various minimum flow releases. The probability of experimcing low dispolvtd oxygen 
concentrarions were evahmed for the same releases. Starting with a zero flow condition, 
improvements inhabitat guanriry and @ty were eMtuatedmaskpwisemauner for incrrmmfal 
increases in minimnm flows. . 

bv TBNFP adviwrv ptaye 

' T k  rrr~mmendation~ of tk adviso~grou~ (Appenclix N-I) inchdeds~me topicStbtpmnmed 
to the application of variousanalyncal twls and fume data collection. Many of those topics 
pertained only to tht LQwr HillsboIough River and were not applicable to the estabiishmem of 
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minimum flows for the Tampa Bypass canal. The ’ fordissolvedoxygencriteria 
was oriented to the lower rim. bnt could also be applied to the pabm ~iw/~d(ay ~ a y  syn~m. 

concmnarionoxygenshouldbeaminimamof4.0~oranavasgeof5.0mgflfor~~g 
fish utilizetion. times and all locariont. 

the time and areas of the river where dissolved oxygen is less than 4.0 mg/l. The 
Dimict. however. suggests that other dissolved oxygen thresholds (2 or 3 mgfl) can a l s ~  represent 
useful managemcnt criteria. For example, if a particular rate of flow is wry effective at raising 
D.O. c o n c e ~ i o n s  above 2.0 mg/l but not effective at raising tbm above 4.0 mgll, the 
bencticial effect of the flow should sti l l  be consided 

5.4 m v s i s  of 

Tht DimiEtconcllrs withme ruivwrygroup * ’ thatcriteriaorgoaLrforclissolvcd 

Funhcrmorc, if mtsc criteria cannot be met at 

. .  from other T P  
Marine Re- 

Several staff from the Florida Depamnmt of En- R o ~ ~ R c s e r a t h I n s t i t u t e  
(FMRI) paniciprcd on the minimum flows advisory gtonp. Inordcr to describe thtuse of tidal 
rivers by fish species present in thc bay, FMRI staff& apmenration to the grimp ngarding 
W disaibutions observed in rmdies of the Little Manatee Riwr. Discprsont . were held about 
the relarionship of the different life stages of esmarine depmdem fishes to -d isakt ions 
inthebay’stributarics. Uponrequestbythtadviso~gro9p.FMFU~vDhmwredtoprform 
new analyses of fish carch data from tidal riven monitDnd as part of thc fishies 
independentmonitoring p r o m .  AsmDmaryofthescaualywthatwasprrparedbyFMRIstaf€ 
andpresenred to tht p u p  isiacludcdas Appendix N-4. 

The Fh4RI pmenud data from three tidal rim on thc bay: thc Alafia, Lisle Manatee and 
Manatee. Samplhg in each rim was by a21-m boatscines anda6.1 motmtrawl. SampIing 
for each gear was based on a srratified random design in w l k h  sampling was mxbm1~4 .wi th in  
designatedgeographic areas. Effom were made to sample mss tht salinity gladiat and the fish 
catdl data were clapsifiedinto salinity Zones dmrmimdby the v* SyStmL &cansc mc 
freshwater/saltwatermixingmncsmovcsmanymiles inthese rim maseaumalbasis, mCre 
were m a y  samphg dates whm certain salinity zones were not sampled A summary of tht 
number of samplcstahnincachsaiinity mnt oncachriver isshownonpaec N4-8. The Little 
Manatee River hxlttternoafnshwatcrsanplesby stint, while the Manatee Riwrhxlby fartht 
mostplyhaline (> 18.0ppt)s inc~pies .  ~ctiffenwsmsamplingeffonpersaiinityzone 
were due to differenas in thc prevailing salinity reghes of thts rim. combined with 
navigational limits to arc~s tbc sampling boa0 could get to. The a-e salinity of sampling 
was wry similar for rhe Alafia and Lipk Manatee Rivers (about 9 ppt). bm was considcrabiy 
higher (23 ppt) for the Manatee River @age N4-2). Due largely to tk incbPsionof the Manatte 
River, more samples wcre collected in plyhaline waars than any other ralinity zone. 

Table 1 in the FMRI handour list the nnmber of fish canghtin each saLinity zone (pages N4-9 tu 
N4-12). The density weighted mean salinity at capmre (and standard error) for spch species that 
was caught m rm or more samples is presented on page N4-16. Thes same Scatistics are plotted 

. hadameansalinity for 13 imporeant species on page N4-17. The SIlOok 
of capture of 4.05 ppt. while 3 species hadmean salinirics at capture of abmt 9 paroper 

. .  
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thousand Seven specicshasmeau salinitiesatcspture ktwea 12 and 17 ppt whik nu0 species, 
the silver jenny a u d t h e d s e a I m I t ~  ' , hsd salinities 
at capture of greater than20 ppt. It shouldbe noted the nandardmrs amund the mean for each 
species are relatively large and m a y  species =re widely disaibuM -thew. 

The lengths of fishes analyzed are presented Wim the salinity at capture statinics (page N4-16). 
The FMRI mdy largely captured fishes m the juvenile stage. aktmgh this wid ktween 
species. For some species. the meau salinity at CapmTe varied with the kngth. For exam@. the 
mean salinity at capme for two s e m t  tCvnosFlon) ' specieswasiowcrarlengtbsbelween4oand 
70 mm than for lengths less than 30 (pages N4-19 and N4-20). This pamem occurred because 
these species tend to migrate into low salinity zones as juveniles. Many eSmarine dependent 
speciesmiglate into low salinity waters as they grow from lanral tojwmilt stager, thenmigrate 
bxk to higher salinity watcrs as they mature hmjuycniles to adults. 

Another useful document for eaamininnj the salinity at capture for early life stages of estuarine 
depenQnt fish is thtichthyophkonstudy of the Little Manatee River by Peeblesand FIamery 
(1W). This study used night-time planldon trawls with nets with a 505 micron mesh. 
Comparisonscanbe made of the salinity at capmre for ceaain species khwemthcsc two nporu. 
For some species (e.g. . . , the salinity at capture is lower in the Peebles and 
Flaunev report because earlier life stages andsmallerlengt&s were capture. 

The data presentedby FMRI and included in F'eebles and Flanacry (1992) was used to assess 
general fish utilization and fish/saliniry relationships in uibutme 'stoTarnpaBay. This 
information WBS then compand to the fish data collected as pw of the WAIUSDI stndy. Some 
members of the group suggested that potential fish wlmm 
than these other tributaries because of the m y  urbanized naturp of fhe river's shoreline. In 
essence, even if salinity and dissolved oxygen comemations in the Hillsborough arnc suitable, 
fisb populations would be less &e to river's modified morphology and loss of tidal wcthds. In 
response in this issue, FMRI segregated their wine catch data into four shoreline c ~ c a l i o n s :  
unvegetated, emergent vegetation, overhanghg wgetation. and hardened shoreline @ages N4-26 
to N4-30). The results showed that subaantial numbers of fishes were cmght adjacent to 
hardened shorelines. For some notable species m, ocellaftls. 
nebulasus) the shorelintd was ranked first or rcond with regardm average mrmbercslght. 

FMRI staff pointedout that these resnlts are partlyrelatedto the samplmg gear. Seines canbe 
more effective at capturing fish againstahard shoreline than whenthe fish can escape into marsh 
plants or roots. Also, the riven aalyzed by FMRl also have substadal ~EZS of natoral 
shoreline and the functions of tidal wetlands in maintaining food-mbs m those rim are 
imponant. With regardto the Hillsborough andpalm Rivca. it maybe aue mat Qtsc riverswiU 
not suppan the same fish divmity and pxxiuctivity as tht other rkrs ,  even if salinity and 
dmolved oxygen levels are suitable. However, the WAIUSDI data from the rim and FMRI data 
from other aibutaries indicate thatdthoughthew riven haskensubstsatialymodificd they are 
capable of supp~rcing valuable tish communities that warrant proper manaeanmt. 

. 

m the Hillsborongh shouldbe less . .  . 
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6. TAMPA BYPASS CANAL: HYDROLOGIC AND YIEL.D ANALYSES 

The Tampa Bypass Canal was proposed by thc U.S. A m y  Corps of Enginem (1%1)  to deviate 
floodingsuch as hed occmcd in 1959 and 1960. ’Ihe constmaion ofthe TBC breached the 
underlying Upper Floridan asrnfer systcm (UFAS) in several pLaces whm the pountiomenic 
anface is at or near land srrrface (Moo, 1975). ?his was predicted to produce considerable 
Qainage from the aquifer and drawdowns over a large atrea MOQ cvalltetcd tke effects of the 
TBC on thc WAS by conductmg thm aquifer performance tcsts along the TBC and cvaluathg 
those d t s  in a digital ground-water flow model. As a d t  of MoQ’s vm& Saucntrr 162 was 
added to tbe system to reduce thccxmtof areal drawdowns. Knutillaand C o d  (1984),through 
analysis of field data, confirmtd MOQ’S @don of d v c  pmd-watcr declines by thc 

prc-conmuctionvaluesinthcviciuityofStrucmrc 160. ittalsoshownthatspringflowintht 
TBC arcahad declined hwmpsrcd with Cyseal Springsncarzephyrfiills. After consrmction 

fect near thc lower pool. Barcclo (1985) cwfkmed flow from mt UFAS to the TBC in the 
vicinity of the middle pool by a numaical ground-water flow model. 

canal. ?hey showed that conseuctionof thc TBC Milnxcad bas flow by 1.5 to two times 

of the canE& UFAS watcr lmls  declined nvo to 4 fm nartht  middle pool end irmcasd about 4 

Geraghty and Milla(1982) first analyzed thc TBC’s wata supply potcntiaL Duringavcry b w  
rainfall period of May and early Junc 1981, S~IUCQKC 162 was closed The middle pool stage.- 
stabiiizcd and the City ofTaqmpumpaI I5 to 32 mgd h m  thc TBC to tbc Hillsborough River 
reservoir forthe chmioo of thetest. Analysis ofthis test indicated rhat 18 mgdcwld be 

water seepage backtothe canal from the r e s c r ~ o i r w a s ~ t o  be2 prcanofthc avQBBe 
pumping raft. Gcragfny and Miller (1986) rcevaluatrd tht TBC’s water supply potential with a 
longcr test during the 1985 low rainfail paid The analysis so& the 120 day safe yield for a 
one in 20 year drought. The mimared yield for a critical 60 day period with no rainfall was 20 
mgd. SDIEnu’ UIII Saviccs (Water& Air Rclcarch, Lnc, 1995) dcwlopad en inkgrated 
surface-water and grod-wam numerical model for thc TBC. The pulpoa of the model was to 
confirm thar a 20 mgd increaw in the City ofTampa’switWrads could be met fimn thc TBC. 
Simulated withdra~estimstSwcrcobtaintdbysd~ elmatiansat Stmctm l62tosimulatc 
lowering the middle pool stage from 14.5 fea NGVD to 125 fea NGVD. T k  aauual yield of the 
TBC middle pool was estimated at 43.6 mgd usiug 1990 bydrologic conditions. Howcva, SDI 
recommends that 20 mgd could be continuoudy withdrawn from the TBC middle pool. 

The idea of lorating a well field along the TBC was investigated by CH2M Hill (1985). They 
constructed along rhe TBC an WAS production well fm monitor wells in thc production zone 
and four wells hto thc surficial aquifcr. A simplified analysis based on Darcy‘s law i n d i d h t  
80 to 90 perccnt ofthe flow to thc mll csmc from tke TBC and thc remainda was lealrage 
derivcd i h n  the omlying srrrficial aquifn. The report suggencd tbat a linear well &id could 
withdraw up to 30 mgd although the effect of such witklrawak was not evaluated. Schmulcraad 
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0 withdrawn fontinwuly from the TBC while maintaining a stage of 12 fcet NGVD. Ground- 



Davis (1993) reviewed cxining dataand monitoring programs. SDI (1997) r e v i d  two 
previous aquifer perfomce tesu ( M a p  1975 and CH2M Hill, 1985). SDI concludtd that only 
four to 14 percent ofthe flow to the well in the CH2M Hill test wasderived fiomthe canal. 

In an analysis of the Hillsborough River reservoir reliable yields. Enviromnmtal scicnct and 
Engineering ( 1986) estimated thatas muchas 30 perant ofthe watcrpumpedfmmthe TBC 
returned to thc TBC as sccpage. This estimate was revised to 10 to 15 pacent inasubsoquent 
report (ESE. 1987). The fim repon estimattd that 26 mgd could be withdrawn from the TBC. but 
the second report concluded only 20 mgd could be withdrawn. 

Nguycn (1986) documented the development of a flood muting model for thc TBC. The 
documentation includes stage-storage relationships for the TBC pools. Nguyen (1 987) 

was estimated to comprist as much as 10 percent ofTBC flows. 
invesdgatcd the effects of SeEODdery dlamagc (local nmoff) on TBC flows. secondary dlamagc 

Fff- oft- on Fl h2 Ows p . .  

Qvervinv, Rim to cowauction of tbe TBC. Six Mile Creek flowed south from the area of 
Harncy RatslEurcka Springs. Ntar  State Road 60. Six Mile Creek became thc palm River, which 
subscqumtly flowed into McKay Bay. A w o n  of the TBC was consuuaal by widening and 
deepening the former palm River and Six M e  Crrekstrca!nchanntis. Canal cmsmmion 
significantly altered the local hydrology. The objective of this anatysiS was to cxaminc available 
data for the Six Miie CmWlBC system to confirm the dfecu o f d  coI1s"ction on SIIWID 
flow. 

u.LE&&Da From October 1956 to September 1974, flow in Six Mile Creek was 
measured daily at a gaging d o n  located near State Reed 574. In October 1974, the flow gage 
was relocated 0.7 miles downsueam to Structmc 160. The period of record for flow at Srmcnrr~ 
160 is Oaober 1974 topresent During 1966-1982, wasllrrd flows mrr l i k e l y a f f d  by 
dredgiag and c o m o n  of thc mc. In additios many ytan have pcriods of missing data 

LLl- ' The effects of canal wllStNCtion on Six Mi le  Creek sueam 
flow were previously evaluated by Knmillaand Corral (1984). In thcir analysis Knrrtilla and 
Corral combintd flow dam at Six Mile Creek and Stnrchm 160. Double-mass curves of 
cumulative annual discharge at Six Mile Cmkls-160 wm compared to cumulative Brrrmal 
discharge measured at the Aiafia River and the Hillsborough River gagcs. The results s h o d  a 
distinct change in discharge between the 1957 to 1974 and 1975 to 1982 periods. The d 
s y m  exhibited an increase in discharge rciative to both the Hillsborough and Alafia n v m .  

Knutillaandcorralcxermncd ' changes in baseflow by inqmingmean monthly ckhmgcs for 
months during 1957 - 1982 which had litrle OT no nmoff due to rainfall. These dischargs mrr 

sources. Double mess curves wm used to comparc Six Mile CrcektStructmc 1 6 0  b~&Iows to 
Bssumcd to rcprrsent t?ascflow c o n d i t i ~  wtberemostoftk flow isdcriwd from groundwater 
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baseflows enimated for the Alafia River. The results i n d i d  that Six Mile CrreuStructure 160 
baseflows for 1975 - 1978 were about 1.5 times the bascflow for the p~-1975 pid. Baseflow 

Conclusions reached by Knutilla and Cod were based on wmparing pre- and post- 1975 o v a  the 

constmuon activities in h e  middle and uppcr pools of the TBC. To recvaluatc the findings of 
Knutilla and Corral, a comparison of actual pre- and post foIlstNction flows has been made. The 
prc-cotwuction period is Ocfober 1956 to Apnl1966. 'Ihe post consuuction period is January 
I983 to December 1996. Baseflow conditions for the two time periods wm evaluated using an 
approach similar to that usd by Knutillaand C o d  (1984). For months where the total rainfall 

for pre- and post-constnmion periods are presented in Table 6.1. 

Table6.1 indicatesrhatthemcdianflowforthepast-conmmi~pcriod(71 cfs)isabout1.7 
times the prr-consfllction value (43 cfs). Tht post-consmm 'on flows are more variable and 
exhibit largcrmaxhaand minimathanprr-coIlstruction values, due totheability of the TBC 
strucmes to reg&& flow and/or divert flow during storm cvcnrs. The inacasc in flow 
magnitude and variability is also appmnt on Figures 6.1 and 6.2, which depict hqucncy 
distributiotions for pre- and post- conanmion flows. 

The p o s t e o n  baseflow is about 1.7 times the panstwtion due .  Incrrsss m 
baseflow wcrc expcctcd since canal COIlStNCtion breached tk Upper Floridan aquifer, providing a 
direct conncaionbmvccnthcgrormdwatasystem andthe 4. Inaddition, thc 
canal acts as a linear sink relative to the regional potentiontmic h. 
flow regionally to the canal. 

In summary, the consuuction of the TBC has affected tke hydrology of thc former Six Mile 
CrccWPalm River system. Analyses perfommi by Knurilla and C o d  (1984) and analysts 
prrsented hm botb indicatethststrram flow and bascflowhavc iacrrascd by 1.5 to OVO tiws 
their prc-constnrcrion values. 

for1979- 1982wacaboutnviccthatofpre-1975~~~. 

perid 1957 - 1982. H O W = ,  f low d e  1975-1 982  err likely a f € d  by O ~ O N  

was lcss than 1.5 inches. flow was avumcd to consist primarily of bascflow. Eshlakd bawflOWS 

0 CBllsCs water to 
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Table 6. I. Comparison of Pre- and Post- Coastruction Flow at Six Mile Creek and Structure 
160 

Re-Construction Poa Consauction 
Six Mile Creek saucturr 160 

Period of Rccord 10l1156 - 4/30166 111/83 - 12/31/96 
No. of Observations 3499 5017 
Minimum 4 0 
Maximum 961 lOSo0 
Mdian 43 71 
M a  62 140 
Standard Deviation 62 444 
Estknated Beseflow 36 61 

G! TBC u .  
RCViOuSstudieshanstimatedsustamab ' ieykldoftk7BConsevcraloccasions. Afterreview 
ofthose mldiq efforts were rmdatakcn to corroborate and expandthat iafolmation 

m prvScascmY- Theshort-tam&yscasonyieldoftk-fBcmiddle 
p o o l c a n b e e s t i m a t e d ~ h i s t o r i c p ~ c v c n t s .  ? h c a p p r o a c h a s u m c r t h a t t h c ~  
pumping me for historic cvam is rcpresCntatve of tbe short-tam yield. Table 6.2 summias 
the 24pumping events, lasting five days orlongcr, thatoccrrrrrdbctrmcn 1989 and 19%. Evmts 
las t fromsevcraldaystoscvaalwecksend~ocnrrrrdduring~dyssson.  The 
average duration is 28 days. F'umpage ceased when either the city no longermcckd to augment 
the reservoir, or the middle pool stage approached tk limiting value of 12.0 ft NGVD. Daily 
pumping ram range f iummo tonearfy4Omgd. Based mthe24h is tor ic~~~m,  tbc avenge 
pumping rate or short-term dry sc~soll yield is 27 mgd. 

The my SeaEOIL araainahie yieldcan be q u a l i w y  evaluaudby cmmhilgm of d 
stagc, minhU, and pumpage versus timc. Figures 63,6.4, and 65 depict 

stage ranaius relatively consmut at apumpingnde of approximately 20 mgd, evm with little or 
no rainfall. Undcr this condition, nuface watawihdmvals HIC bdauccd by pundwater 
inflows. The rate of20 mgd wnbe considerrd to rrprsan the nraainehle drysason yield. 
Under wet ScBSon wrdtions, it is likely that the TBC could yield greater quantities of wata. 

talten in 
May-J- 1990, May-J- 1992, and J ~ n e - J ~ l y  1993, nsps t iv~ ly .  The Braphs indicate that 
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Table 6.2 S~mmary of TBC Pumping E v a ,  1989 -1996 

Dats Date Average No. of 
Pumpage plrmpage Pumpage Days'lBC 

Ended (MGD) pumped 

05123l89 
06/12/89 
04/19/89 
12/04/89 
03/28/90 
06/04/90 
06/11190 
07/02/90 
07/09/90 
11115p90 
02/04/91 
MR5/91 
04/15/91 
11m1 
03- 

05/28/93 
08/13/93 
12f20193 
03/17/94 
05/04/95 
05/30/95 

0 5 m m  

wmm 

06/09/89 
061 1 6/89 
06/23/89 
1U08/89 
06/01/90 
06/08/90 
06/29/90 
07/06/90 
071 1 3BfJ 
01117l91 
o m 9  1 
03/18/91 
04i25l91 
02f29m 
04I25192 
06/25/92 
07/21/93 
08/30/93 
12/29/93 
06/17/94 
05128/95 
06/04/95 
0911 1/96 

30.8 
30.4 
26.8 
26.8 
31.3 
14.6 
32.4 
17.4 
17.5 
35.4 
37.2 
32.1 
31.4 
27.0 
26.5 
24.6 
23.4 
28.1 
31.5 
26.1 
31.1 
323 
15.1 

18 
5 
5 
5 
66 
5 
19 
5 
5 
64 
19 
22 
11 

100 
35 
54 
55 
18 
10 
93 
25 
6 
7 

11/1m 12fO7M 272 26 
Avwage 27.4 28 

6.10 



Table 6.3 summarizes the dara collected during thm ttsl prriods when S m m m  162 was closed. 
Time scri~?s of Structure 160 flows are given as Figures 6.6,6.7, and 6.8. The d m  suggest that 
very little additional baseflow is p c n d  in the Iowa pool. For the 1981 and 1985 lime 
pericds. the median flows at Structure 160 wcrc 5 cfs and 6 cfs, rspatively. Part of this flow 
may be due to seepage h m  the middle pool to the lowerpool~ear Struetrrrc 162. During the 
1997 test d i v a  placcd sawdust around Structrrrr I62 to prevent seepage from oawing. The 
median flow for the 1997 test period WBS only 2 cfs. The maximum flowsrrsuhtd h m  b e  
dirrctprrcipitation and local runoff that occurred dunngsmallrainfallevcms. Note thatthe gate 
settings at S t r u c n ~ ~  160 mn not Ehangcddunngtheustpaiod. However, it may be possible to 
gemrate additional quanritiesof water by lowaing tile gate elevatianat smlcturc 160to induce 
additional groundwater inflow to the lowerpool ifsuch wcn dcsirabe. 

Table 6.3 Summary of Flow at Strucnrre 160 For Periods W k n  Saucbne 162 Was Closed 

~ ~~ 

31 3 15 5 

Mar. 21 - May 26,1985 67 2 49 6 

Jan. 23 - May 1.1997 99 0 42 2 a 
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closed for this test. Inflows consisted of direct rainfall, runoff and secpage. Tht City of Tampa 
varied withdrawals bcwcen 20 mgd or 40 mgd during most of thc test. Six Cxining WAS wells 
were fined with continuous recorders for the tesf. Documcmaum of this modcl is locatcd in 
Appendix P-2. 

The analysis concluded that a sustained yield in the absence of rainfall would be 20 mgd. This 
was very consistent with the WorkprrfOrmed by Gadghtyand Miller(1982 and 1986) and 
analysis pmented elsewhen in this rcpon The secpagecxprasion dcpmdrd on a consfant and 
pumping only. Several head dif€crcnces were included in tht regrrssion andysis: diffaence 
between the middle pool stage a d  ground-water levels, diffaeace between the middle pool stage 
andihercscrvoiratStmXurc 161,anddi&rrnabmvanthmiddlepoolandlowerpoolstages 
at Saucture 162. No head differmces wcrc statistically signrfifant The model was not ds@ 
to estimate flows through Skucture 162, so it was not easily comparrd with the Water Year 1994 
model. 

63.32 w e  Pool Model. water year 1994 ThcWetaYear1994modelwasdevelopcdfor 
the~odoctobcr1,1993tbroughsepfanbcr19,1994. Tbeori&purposcofthc&ortwas 
to gencratc inflow data for a TBC yield model. The proposed smly period was 1990 
1996. Gaps in the data for tbepniod of intacstprccluded devclopinga sutlicient period of 
record for TBC yield analysis. The 1994 Water Yearmodcl was still uscfulbccause the model 
datacovacd a f W  d r a i n f a l l  cycleandprrsmtedasomcwhstdi&rmtsecpage* 
than was derived forthe 1997 d ~ ~ s e a x m  test Also, monthly TBC water budgas forth 1994 
water Year mrr developed ftam the d t s .  

AnestimatcofflowsatSrmctme 162wasnecessaryforthtWataYcar1~modcl. Sinceflow 
data arc not available, a method was developed to d m a t c  the flow at Strucnac 162. A 
-on model of the lower pool for the period January 22,1997 through April 30,1997 
(Appendix P-3) resulted in thc devclopmm of a relationship bdwam flow at Strucnm 160 and 
flow prodwed fiwn tht lower pool dmbage area An &mate of flowthou& Struehrre 162 
w d b y s u b t r e c t i n g -  lowapool chinagem now3 kom smwurc 160 flows 
wkmSaracturr162wasopcn. 
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. .  6.3.4 Flows in the T V  Unda Amm@tion outflows occur at 
Structures S-160 and $162 even when the City ofTampa is pumping t1ctwm20 and 40 mgd 
from the middle pool. For tbe past several years, tfte crest gata at Strrpcarre 162 have been setat 
an elevation of approximately 13.5 feet NGVD @ersonal communication, Buclry Poole, 
SWFWMD). Under this coadition, when the stage cxcceds 13.5 fca, outflow f h n  the middle 
pool to the lower pool occurs. 

Flows are not directly &mated at SeuCarre S-162. Flows estimated do- at 
Suucturc 160. These flows consist of the outflow at Structlrrr 162 plus my inflows and losses 
tha might occur in the lower pool. A regression model was devclopcd to pmiitim eaimatd 
flows at Srmch~e  160 into flow at Stmcturc 162 plusgainsandlosss iiumtk Iowcrpool. 
Using this model, a t h e  series of csth ted  flows at Structm 162 was devcioped for the period 
January 1990 to December 1996. The distribution of cstimatcd flows a Saucmre $162 is 
pmcntcd in Table 6.4. 

The distribution of estimated flows at Stmctm $162, shown m Table 6.4, rcprrsentr all days 
~th t1990-19!Xt imepr iOd Asubstofthisdatawascrratcdwhichcontainseptimrmrl 
Strucape I62 flows for days when tk City of Tampa was pimping b x n  thc TBC middle pool 
In all, 649 observations weft available. 'Ilte distribution of sthated hats-s-162, 
&pumping condition$ is given in Table 6.5. Tk data for- conditions suggat that 
outflow may occurhm tbc middltpool 
middle pool to augwm the Hillsborough River rkurvoir. 

Historic dataindicste timt wtnowocaas &the l o w a p l  over s m  s-160 wheatin? 

flows at structrae 5-160, forthe same 649 pumping days krween 1990 end 1996, is givm in 

w k n  thc City 0fTampaispUrnpingh tk 

CityofTampaispumpingfrommiddlepooL A s d g v i o u s l y , f l ~ a t S t n r c t r p c 1 6 0  
represent flows at S t m c t u ~  162 plus gains and lossc~  TI tk 10~apool. The distributim of 

Table 6.6. 
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Table 6.4 Distribution of Flows af Strucarrr 162 
1990- 1996 

Percentile Flow, cfs 

5 11 0 
7 

10 20 
20 33 ~- 

30 57 

50 91 
60 102 

90 175 
95 235 
99 579 

40 78 

70 116 
80 135 

Table 6.5 Diseibtltion Of- Flm at S m  162,1990 - 1996, 
undaplnnpingconditions 

Pacmtile EstimstedRow 
atstructmC 162 

( l 5 )  

5 0 
7 0 

10 0 
15 0 
20 0 

30 15 
40 22 
50 27 
60 31 
70 38 
80 47 
90 73 
95 101 

25 13 

830 99 
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Table 6.6 Distribution of Estimated Flows at Stmcme 160,1990 - 1996, 
under Pumping conditions 

Pmcntile EstimatcdFlow 
as- 160 

(&) 

5 0 
7 1 

10 2 
15 4 
20 10 
25 18 
30 21 
40 26 
50 30 
60 35 
70 43 
80 55 
90 81 

114 95 
836 99 
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7. DETERMINATION OF THE MINIMUM FLOW 

. .  Amlication and Context o fthe- ow 

AS discussed in previous Chapters. the Tampa Bypass Canal is a w y  altered water body drar was 
consrmcted for flood control purposes. Excavation of the canal and conmnction of its associated 
water control m c m e s  greatly altered the hydrographic andecolo@ chmcteristics of both me 
freshwater and esfuariae watercourses that drained the region (Six Mile Creek and the Palm 
River). These alteradom have bem so extensive that some functions of the r e m e ,  such as 
providing low saliniry estuarine habitats. haw essentially been 10s However, tttere are remaining 
ecological characteristics and valuable M D . ~  resource values that warraxu proper management. 

In evaluating minimum flows for the Tanpa Bypass Canal. the Dimict evaluafed releases from 
Smcrure 160 that must be maintained to provide for the health of tk downsersam ecosystem. 
This analysis zamnted for the nnrcuual alterations of the water r e m e  rhatrrsulttd from 
construction of the canal and how these alterations have affecpd the freshwater inflow 
requiremenn of the d o w ~ ~ ~ a m  e m .  As described in the following secrioq the Distria 
determined that a minimllm flow of zero cfs be established for the Tampa Bypass Canal at 
Srmctllre 160. This means that wareruse from the canal will not belinkedto aspeciiic flow rate 

cutbacks by the w a r  users. 
at snucoue 160, and f l o w  at this smcmre may periodicauy recede to zcro wirhout requiring rmy 

It kIlportantt0 mphasire tbC ZerO C f s  W U I  flow does mt a! WafCK flowing 
from the Tampa Bypass Canal are automadcally available for wirMrawal. Section 40D-8.031(6) 
F.A.C. of the proposed rule nafes the establishmmf ofa Minimum Flow o r b e l  shall not bc 
deemed to be a determination b~ the Goveming Baord thru any quantity above drc atablisfrcd 
Minimum Flow or Level is available for allomtion to comunptive me. The Dimia may @ 
regulation or order reserve such qmBcr  as it &ems neccssory puucmt to Sem'on 373.223 0). 
F.S." . Compliance with aminimum flow or level is au imponant stepfor the issuance of a water 
use permit. However. the allocarion of water fmm the canal may be subjected to funher 
technical analyses and regulatory restridom on withdrawal quancih in order to protect namral 
resources. 

Some parties have suggested the ecological characteristics of the Tampa&pas ChdPahu River 
system could be significantly improved by physical modifiiation and restcnaIion of the canal's 

Row for the udal reaches. The proposed rule allows for this possibility by Stating 'UU Muwrrvm 
Tampa Bypass canal UI Smruaurt 160 u established specijic to the phys id  CDnfigWmion and 
operations mnstminu ofthe Tmym &pus cmrol as they a& at the time of adoption o fp lu -  
Minimum Flow. Ifrvbncmrinl physical &#am'onr 10 the Tmnpo Bpau Gmal m modr. the 
District shall reewlunte rhe M i n i m  Row nr srmatcrc 160. I) This language cormpondr DJ fie 
intent of recommmdan '011s SUbmiDtd by the Tampa Bay National Errnary Rogwn Minimom 
Flows Advisory Group. 

. .  
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. .  7.2 H v d r o ~ c  sod ecolpvical basis p W 

Numerous srudies havc demonspated the importance of freshwater inflows to the biological 
strumre and prodrrctivity of esruarine ecosysoans (Jassby et al., 1995; Sklar and Browder, 
1998). Similarly, the occurrence of seasonal patrcms of hshwater inflows can be importaut to 
various biological proasses (Texas Water Resources Board, 1994). Over the last two decades, 
~Dislricthasincreasinglytalpn.theapproachof~nablralpatternsof~.cshwarerinflows 
and developing ngnlat~~ns that account for the entire flow regimes of riven. However, because 
of w e  nature of tht Tampa J3ypas.Canal and its use for,flood control, & D i h c t  did Mt 
evaluate ecological changes that could result from withdrawals over the entire flow range of this 
sy-. 

Todewmineminimumflowsfor~TampaBypassCanaltheDisaictexamiecdflow~~sthat 
mustbe c d ~ d l y p n i o d s t o  sonain the cbwnsaeamesruary. Asdescribedabove, 
suchrcgulanons d d  require recfucttons . m W a t R W  from the c2nal if the minimum flows were 
not bemg m. Basedon Eacton descnibelow,  the Dimict conclam the minimnm flow 
at Stnmure 160.can be sno. In essence, the District umcludedh is not abgical mte of flow 
that shouldbe maintained at Strumre 160 and flows at the suncmre can periodidly recede to 
zero without reqPiring cutbacks in water usc. This dws not imply that flows at Strucmrc 160 
should be maintaiued at zen, cfs indefinitely, as histDncal ' shwm€lowandwaterllseQtafromthe 

usedm augmenrwatersupplics m t k  Hillsborough River Reservoir. 

Aprincipal factorcomhnng tothe detemhtionof the zerocfsminimnm flow was the highly 
altered status of this res~urcc. Excamion of the F'ah River to form the Tampa Bypass canal 
drsrmaticauy altered the salinity regime of this system and its relationship to hshwater inflows. 
The Palm River is now a mmcatcd estuary, which even duiug bgh flows, does not emompass 
a complete salinity gradient that exDnds from fresh to high salinrty.watcrs. On most days, 
ohgohaline (0 to 5 ppt) andmesoldine (5 to 18 ppt) waters are not present below S p u c m  160. 
When watersbelow 18pptdo occur, they are oftenlimited to the surface orvery shallow depths 
in the water column. Bottom waters in the F%m River apparrntly have poor fhshmg 
Charettenso . 'cs and arc relatively isolafcd from the efkts  of freshwapr inflows. BonOm waters 
near Stmcture 160 amaged over 24 ppt in both the WARfSDI and HCEPC data sets and 
horizontal salinity graimts in deeper depths arc very slight, ranging only 1 or2pptover 
the length of the palm Rim. 

Regressions to p m k t  saliniry as afunction of flow indicate that surface salinity valucswill rnnain 
over 20 ppt over the Icngth of the Patrn River, even ifthe flows at Stmctnre 160 w mmtamed 
attheirpost-consrmcticmmedian Vahe (73 cfs). similarfy, incrrasiag flows€nm zero to 206s 
reduces salinity by about 2 ppt to procince vahles of 23 to 28 pptbetwtm the snrfs# andm 
meters depth a! the station nwrest Structure 160. It is MLiLrly that salinity changes of this 
magnitude for short periods of rimt will change thc basic emlogid Charancriptics of the Pahn 
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canal indicate that zero flows at structure 160 will occur only periodically wmm tht canal isbeing 

. .  



River or McKay Bay. This is particularly the c a e  in the Palm River, where the steep shorelines 
limit the distribution of inter-tidal habitats whch would be most susceptible to changes in shallow 
water salinities. Overall, it is difficult at t h ~ s  time to conclude that water use should be restricted 
from the canal if a given low-flow rate (e.g. 20 cfs) is not maintained at Structure 160, 
considering that salinity distributions and ecological characteristics under no-flow conditions are 
relatively similar. 

In addtion to salinity, other important water gualiry characteristics in Palm River show either no 
relationship or a weak response to, freshwater inflows. In contrast to the Hillsborough River, 
where there are positive relationships between dissolved oxygen concentrations and freshwater 
inflows, there is very little relationship between dissolved oxygen concentrations and freshwater 
inflows in the Palm River/McKay Bay system. Bottom waters throughout the length of the Palm 
River exhibited problems with hypoxia regardless of the rate of freshwater inflow. WAWSDI 
(1995) concluded that benthic invertebrate communities in the deep portions of the Palm River 
were not readily affected by changes in freshwater inflows, and hypoxia was a dominant factor 
affecting the abundance and diversity of benthic invertebrates throughout much of the palm River. 
Similarly, chlorophyll _a showedno apparent relationships with freshwater inflows.in the long-term 
HCEPC data, and phytoplankton taxa observed in the Palm River were indicative of high salinity 
environments (WARISDI 1995). Despite weak relationships with freshwater inflows, 
phytoplankton abundance and chlorophyll _a concentrations are typically high in the Palm River 
and McKay Bay. This is probably due to the influence of East Bay and Hillsborough Bay, which 
historically have been the most nutrient enriched regions of Tampa Bay (King Engineering, 1992; 
HCEPC, 1995). In short, it is unlikely that a zero minimum flow wil l  have any limiting effect 
on phytoplankton production or related zooplankton abundance in the Palm River and McKay Bay. 

From a hydrologc perspective, it is not expected that flows at Structure 160 will remain at zero 
cfs for long periods of time even though a zero minimum flow has been established. Construction 
of the Tampa Bypass Canal breached the top of the Upper Floridan Aquifer and increased 
baseflow and total discharge at Smcture 160 by about a factor of 1.5 to 2 compared to the 
previous creeklriver system. Due in part to this increase in flow, the Tampa Bypass Cmal has 
been used since 1985 to periodically augment water supplies in the Hillsborough River Reservoir. 
These augmentation events have occurred during the dry seasons of most years since 1988, With 
withdrawal rates averaging about 27 mgd. During these augmentation periods there has generally 
been considerable flow over Structure 160, as the median flow during augmentation events has 
been 30 cfs while flows less than 11 cfs occurred only 20 percent of the time. Since permitted 
withdrawal rates for reservoir augmentation are not projected to increase from the canal, there 
should continue to be flows at Structure 160 most of the t h e  even if a zero cfs minimum flow 
is implemented. 

0 

Many of the fish species that in the Palm RiverIMcKay Bay system are estuarine dependent, 
meaning they utilize estuaries as a habitat at some point in their life cycle. Numerous studies, 
includmg extensive data collected from tributaries to Tampa Bay (Peebles and Flannery, 1992; 
Edwards, 1992), have shown that the juvenile stages of many of these species respond to sources 
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of freshwater inflows by migrating into and utilizing low and medium salinity habitats in tidal 
rivers. As described above, low and medium salinity habitats no longer exist in the Palm River. 
Many fishes, however, continue to respond to the freshwater signal and migrate toward Structure 
160, where habitat values are poor due to the altered shorelines and hypoxia in bottom waters. 
The authors of the WAR/SDI (1995) study considered this to create a “habitat bottleneck” and 
suggested that a reduction of flows could possibly be beneficial by not attracting fish into this 
highly impacted region. 

The District concurs that a habitat bottleneck occurs below Structure 160, but any benefit of a 
reduction in flows at Structure 160 is uncertain. In general, though, the very small changes in 
salinity and water quality that occur downstream of Structure 160 at low to medium flows from 
the canal do not, at this time, call for specific minimum flow rates that would result in 
corresponding reductions in water use from the canal. In this regard, it is expected that the. 
proposedzero cfs minimum flow will not allow significant harm to the ecology or water resources 
of the. Palm River/McKay Bay system. 
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PEBMT CBAATED To: m.: 202062 .Q2 
Ci:r of Tampa m T  PEWIT CBbRfP): January 1 7 ,  1991 
306 Jacbon St. WTL =IT APPLICATION 
1-a. Florida 33602 FILED: SeptrrPbcr 28.  1989 

cht MBBIS BFanCE VnLFIELD) PEWIT mIBEs ON: January 17, ZOO1 
Juao 1. 1990 

(bpi- md --=I SOWCE CwSIF ICAIXobl :  Surface. Crounduotc: 
USE CWSIFICIVION: Public Supply 
COVEITY: Hillsborough 
LowIatl: Sectioru 19.  2 0 .  21, 20 .  29 and 3 

of T27S. KZOE 
Soetion 29 of T28.5. B19E 
Soction 25 of T2BS.  RlBE 

1. 

2. 

@ 3; 

If m y  of tho su-a in th. application ad in th. 1uppottLry d 8 u  u4 found to t 
rmtrus and iruecuratm. or  ff the P s m i t t m e  fails  to cemply via a11 of the provioior 
of Chapter 373, F.S.. Chaptar 4OD. or  t b  coaditiolrr sef for& herein. tke Governin 
Board o h 1 1  rmmko chis p a d t  in accordance vich Rule BOD-2.Ul. folloving notice an 
h.uing.  

This permit is i s c m d  basod on iafozmarion providod by tb. Paxmirtee k n o t r a t i n  
t h e  the use of water is rusOO.bl* and boaeficial. constreant wi& the public 
intoroot. and w i l l  M C  inzmrfero w i t h  my u i r t i n g  lay1 us0 of WUT. I f .  during th~ 
term of the pormit, it L d o t e a i r u d  by tbo Dbrriec b t  the use is not r u s o m b l t  
nnd bsbs f i ch l .  i n  public iUtSSOSt, or dou f E p C C  .II & C i X  1 B p . l  W e  Of W C o T ,  
the Covanaing b u d  8hdl modify chis pormir or shall rmko chis puair  fo l lowiq  
notice md h.rrinp. 

Thr Pannittae shall MC Qvi.t. from any of t e a s  o r  condieions of rhir permit 
vi thour  vritrm approval by ttrs Disaicc. 

A. 

Thi. P a d t  urthorizaa th. .ppUunc -d A to ULa v i t h & d  fm t h e  
Hillsborough Ri-r PUMoit at  a t o e d  avorags .maul wichdrml of 
gal lons of wacer per day. a t o e d  puk lonthly v i t h d r d  of yll~nc 
par day. m d  a m8x5.mm toul v i tbdraml  rat. ME to -ad 1oL.W)[).00 y l l o n r  
Per dap. 

a. - 
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D. 
By J ~ n u ~ r y  1. 1992. th. Parnieceo sh l l  s a t  for approval by t h e  Director 
Turp. hr8itfinf Dopartmt. a, p h n  t o  m i t i g a t e  on-sits md off-Site d W r S  
envirormntal L.p.cca usociatod w i t b  Eh vrllfiald 's  p\np.~e .  The plan shall bs 
c o o r d h t a d  wLrh  the Ruource Projects Ikpa-nt. The p h  shdl inc lude  , 
proposal for  micigaeing adverse amrir-tal impact. to th+ ~ ~ t u r . 1  cnvirormcn. 
within e& 90-day p.ak s u s m  one-foot VAUY table drrvdovn contour. The l f m i t r  
of tho d r o n m n e a l  O L i t i g a E i o a  area u c  subject to ch.rya upon artaul agresmenr 
be-sn the P a r r f t u s  md tho Dirmcror. Tmpa P e r u i M n g  kputrmt. 'the 
~ e r r i e w  .hll hplusnt the provis im of the fpprovd p h .  

This P h  Wf.11 h d u d t ,  but QOt bc 1Mt.d tD th. fOll-: 

1. Thr-glliant of rbc trollfield oparatlon to p r w m t  or a l l d a t e  any water 
doficisnt  suaas  within environmmtllly sensitive uus; 

2. Dstnlop.nt of c r i t o r i a  tht ell h rued u, irpl.mt th pi=; 

4. Dstnlupnat of rttm&logy to e s t k . u  purncitias of mur andad; d 
5. Wsrrmru to axsure the c m t W  & v d  of affected uarlurd. during 

drought md assoeiatrd public supply r e q u i r a a n t o .  

3. m-t Of Vthodr Of U S U S -  tb 8 f f O C d - 8  Of the p h i  

E. - 
ThC P e a i t u s  shall monitor. imst iy te .  and u u l o g  tho danloplrant of 
sinkbolms within --half r i l e  of a u h  v c l l f i a l d  ui thd~n~l.  

1 9 .  a 
A. 

1. 
The Pamitt. .  sUl continus t o  m i n u i n  md opera- u i . t i ng  flw moters or 
other flow nuurlng dovices LO approad by h Dixrcurr. T q  Pamitt lag  
D e w .  for th. D i s t r i c t  flithdrnral Humbars d u i g u t e d  klw. Such davlces 
0h.ll hma d d n u l n  m ucurrcp vfchin fin porunt of ttn =cud f l o u .  
Resldnd water at cbs water uummt plmr &Al l  .ko ba t.partad. The 
r sc l . i ud  amter w a r  # lu l l  be idmtified u D k t r l c t  Idmttfiutim b. 33. -- 

10 S u l p h u r  Springs 
11 Hillsborough River RuaNoir 
33 k c h i n d  Uosrrvois Water 
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2. 
Total  flw f r a  uch mtarmd vithdrr.1. uad for the miti&atlon qurntic 
to cha re8arrroir frca ch. T u p 8  Sy-paas Canal (rsC). shll  b. racordod o 
basis m d  reposted monthly to +be District. by tlu 15th day of &ha fo .&_. 
mnch . 
3. - 
Pump8ge &u racordad during the  annul reporring period shall be o-zized i 
ch. rqort, as described i n  copdition 23, 

- * -.( 
B .  

1. 
By J u ~ u u p  1. 1991. the P e d t c e c  shall begfn collection and andysis of vafer 
q u a l i t y  uqlu u iodlucmd in t h e  a l e  bdw. Ilrport. of ch. mrlyaes o b i 1  
ba 8uhmittad to the D i s t r i c t  (on Discrict forms) 00 or before the f i f teenth 
(15th) day of tkm folloving month. The par-tsrs md fragurncy of aupl ing  and 
uulyri.  u y  be modified by ru+url ag8. lunt  h m m  the Diractor. T a q u  
Psrmitting b p u t m m t  ud tb. Pemtctae as rncescary to enxure tha protection of 
the resource. Waver.  noehiq in this condition shall be consuuad to linic. the 
authority of the Board to acc purcwnc to cosditian 2 of this parrit. 

U8.t D i s t r i c t  

ss 10 
HER 11 

Ip X L t L  
-ling 

Par.aatar BmkanQ! 
Color LLopthly 
PH 
Biochemical Wgen Damd 
conductivity 
S a l i n i t y  
Tcapcrature 
T o u l  Suap8od.d S o l i d s  
Dissolved Qtyeea 

K j s 1 h b . l  Nitrogen 
Nitracsflitrita 
Total Ritrogen 
maolliA 

Total orgrn ic  ccrbon 

Total PhosphoruP 
ortbo warpbow 
Turbid iq  

A4 
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2 .  
Tha Pardcue  shll 1ubPft a rsport  describing ths -ling and analytica 
utbodologias uployed .  The r q a t  sh.11 addrus a11 parmeccrs for  vhi: 
u m l y r u  are P r f o x n d .  The report shall be includsd with the f irst  dat 
subnicced after dm dmt. this permit is p m t o d .  md upon my change i n  samplin 
and/or uulgtiul mothodolo~g. h y  cbrago i n  e l i o g  and/or uulytica 
M C ~ O ~ O ~ O ~  shall have prior  approval of the  Director. Tanpa Permistin; 
hprttrat. 

3. 
Ttm Pordc+.e shall use s t r n d u d  q m l i t y  control  and u s ~ f m e d  proflams for vatcx 
q ru l i rg  data required by thfs permit. A t  the request of the Director, Tampi 
Perr ic t ing Dspuosot,  the Permitme shall pr&& a ducription of th. program. 

C. 

1. Esm!sKB 
By J.myrg 1. 1991. the Permitus All begin col lac t ion  of th. average daily 
~ t a ~ e  01mUon and th. m r a g e  daily dl.&uge frum h Puamoir .  Tho manitor 
omt ion  shall ba I r k l l e d  District Ident i f ica t ion  Ro. 300. Tku reservoir 
discharge 1Wl be reported in NO p u u :  (1) discharge o w r  tb. d.m: (2) 
discharp throu&~ r h  spil luay gatos. The marap dai ly  valurc shl l  be 
calculated by ao appropriata machod, M a p p r d  by tfra Director, T a m p  
Permitt ing hparennt .  Ih. stago slovarlon (reformcad to NGm)) md f l o w  dam 
s b l l  subrimad to the Disuict (on District foxms) om or &for. Eh. f i fmanth  
(15th) day of t b  fo l lov i ry  month. Tha r a c o r d i q  fie- may ba mdlfied by 
nu-1 yr-t be-n rhe Diroecor. Tampa Perr i tc ing  D . p . r t m t  d the 
Psdctme w . ~ r c u s u y  t o  e-0 +h. prouction of tb. r u ~ 1 ~ o . .  m e r ,  
no- in dais ewdition thll be c o o s t r u d  t o  limit +h authoricy of cbe Board 
t o  act parnuut to bmdim 2 of chis perpit. llu ru0rd.d Zlov shall be 
suhoittad In cubic faat  p.r second (cfs).  

2. - 
By January 1, 1991, cbe Pernittoe shall begin colleccion of che a-14. b i l y  
spring pool stage elevat ion and th. average da i ly  diachuse froo Sulphur  Springs. 
The monitor 8 U t d  aha l l  be 1.b.ll.d District IdmtifiutLon No. 301. The 
averago d.ily vduu sW1 b. d e n l a u d  by m appr0prF.m rmod, 88 approved by 
the Director. Taqm Perrtct ing aputwat. 'Lbs s u p  elevat ion ( r e f a r m e d  to 
NCVD) md f l o w  data dull ba a u h i t u d  to +ha D i s a i e t  (on District forms) on or 
before the f i f m n t h  (15th) dmy of the f o l l w f o g  Iopth. Tba recording frequancg 
may be oodifiod by m1-1 apeenant bemaen the Dlroctor,  T. .p .  Pemicring' 
Deparmmt and tbe Permitcoo u r~eesurg to ttm prometion of tb. 
r'uource. Hwevar. nothing fn this eonditlon sh l l  be - m d  co lkft the 
urrhorfry of thr B o a r d  t o  ace pursuant to -don 2 of chis perrit. The 
recordod flow shall b. subnicted in  cubic fomt per a . e d  (cfs). 

D. 
By Juns  30, 1991. tb. Pernittee shall rubrit a Stnrccure Operation Caordiuation 
P lm to ciao Director. T.np. Pernitzing ap.rtlmr f o r  approval. Ib. Flood 
Coordilucion P1.n dull be capr.h.llrivr but corriao reporz on th. opmrsUon of 
rh. T a ~ p a  P.Urs0i.r S p i l l m y  utd how it is oporacd  io conj.urudon vitb tba 
D i a a i c t ' s  Tampa B y - P w  Crrvl apt... lh g ~ l  of dm plan ah11 b. to &scribe 
tho struecure opcrationm a t  tb. reservoir, and a l lov  f o r  optful  coordlrmcion 
beorsm tfu C i e y  .ad ths Disuicr &ring pmriodr of tin uhere it i n  rucusary to 
oporau t h  rumwoir s p i l l w a y  struecurma md wordinmu w i t h  th. Dlsuiet 
r e p r d i o g  opracioa of 1M: ~ C ~ U C M U .  Tho p l m  aha11 .Iphuizz. the -.m~tfon 

diversion of mtmr into 1w: which CIIL lsur b. puqmd to th. rraenoir. zbc 
of th. v.t.r t.8OUTC.. Coordination &Cum8?1 DbUict md City op.r.=ra. .nd 



Page 16 of 25 

Pernittee shall cwrdimc* w i t h  cb. District's Oporationo Dsparment during f l  
devdoplunt of th plm. This plln it requirad u a mmo t o  develop 8 <u: 
mnagarwnt plln vUch maxfnizas t b e  rillsbororyh River Reaarwoir and T 
Cuul ry8t.o AS ~ l f e r  supply source. -p. 

E. - 
1. S-G sI(TDY EEBLpp 
Becuue pOt*ntLd imp.CtD could net be quaatifid a t  eb. t h  of permi 
is-.. tnt iPcrmue in river vizhdrmd.~ uill be a l h v m d  only in  accordam 
vicb Condition 20.A.3. During th. ULP of tbe first study Wriod. t h e  C i r y  ViL 
be required to  adhere to the reeervoir w a g e  rcbedule rpecified Ln the ubl 
below. fb--. the PeIDimee Shall  cosprre Cba quantity puuped f r o  
tha rasarwir .rrd the ' .verge oonthly q u n t i r y  lipit. d r s i p r e d  i n  the -big 
below. The P e r r i t t e e  shall  also sonpu. ehs recordad average daily flow rate A: 
the reservoir d.. uitb the 25 cfs lov flw Iwt. 

If the average daily f l o w  rate w a r  tb. d m  during my &y is less than 25 cfs, 
tha Perrittee dull u l d a t e  ths quantity differmcc beween t b e  quantity pumped 
from tb. reservoir md the 'averye m t h l y  q w t i t g  l i m i t . .  mio calculation 
shall be Md.rt.kan regardless of ututher c h  quantit ies pIllpad during rh.t 
particular day are less  h. or gruur tlun the 'average monthly quantity 
l i m i t :  "ha difference shall  be te-d the 'daily l i t i ga t ion  q w t i q - .  aad 
shall ba a nagscios rmnbar f o r  days vture quantities p-nd from tbe reservoir 
uere less thm the 'me rap  m t h l y  quantity l i m i t .  md a positive mnnbsr for 
days where quantities pumped f r o l  th ruo rpo i r  uora gruter thm 0. 'average 
nonthly qumtity Umit'. For days where cba average daily flow rat. over the dam 
ueeeds 25 efr. th 'drily m i t i p t i o n  q w t i r y '  8hll be dapigmtmd as zer 
the Peaa l tue  shall be allowed to withdrw up to the p e a r i t u d  q u m t i t i a a  
the r a n e m i r  w i t h o u t  l a t e r  uptaution l i t igation from a. 
The Permittee shall record the -daily mitigation quantiq' value daily and report 
the values oonthly. in a form acceptable t o  the D i s t r i c t .  by tha f i f teenth day of 
tbe fo l lw ing  month. These d a i l y  qu8ncitp differmces shall be added 
cmaulatively for  u c h  day chat average d a i l y  flow a t  tb. d n  ara less tha 25 
cfr .  Vben zw flow COPditioas uint at  rb. dam. md w a t e r  1mvel.s in the reseruoir 
recede to 22.0 f .r t  "JD. tha Pemictoe shall w a t a r  from +ha TBC to  the 
rescrooir until the d t i v e  daily quantLeg differences &at were pmped from 
the reservoir, ham been m ~ d e  up by TBC p"p.ge, or rmlcll =tar levels in  
ruenroir tuw r.hnmd.d to ths c r u t  of t tm d m  ( i . e .  22.5 feet mrCrm). If uamr 
levelm in the ruerpoix rabormd t o  cb crest of the dam before cha d t i v c  
daily qumritp difference kus been mda up by nc p ~ ~ p g e ,  tbs quant iqy that uas 
MC ord. up shall b. recorded, and shdl ba carried over f o r  utpeaution during 
the wxt  no flw period for uhich vator levels i n  the r o s a m i r  recede t o  22.0 
fee t  NCVD. 'Ibk dll allov for storage in tbe reservoir to ba u f n t l i m d ,  and 
shal l  w i s t  in ri.r(nising the affects of dccrarmss in storage on tf# occurrence 
of lov u l d  no flw day.. 

Tba -ti- ~ t i q  of uater that is required to  b. plmp.d frm TBC dull be 
dosigu-d in  tb. papa&* repo- co the District. md 8tull be -mad the 
.amdative l i t iga t ion  qumtiyg. I& 'daily ni t iy t ioo  V c i y  plrap.d frm 
tb. TBC. shall It0 b. clearly staced on the puap.ga rsporr for tb. resamir.  

pumping fael l icy for tha rsC. the Perrit teer shall .ubpit a uri t t .a  request 
tha Director, fup. Pernitting Depummnt, uichia 60 &p prior to in i t ia t ion  of 
corrrtnrction. Tba request ahall deuil rh. .p.cific r.uoM uhy mitigation 
during &e conrtnwtion psriod is not feasible. uhen sorutruc~ion of che 

If Nch d t i g A t i u C i  h not feasible during the soascruetion of t b  

A5 
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A- 
HORTHLY 
Qorurnn 
LIl[Iz 
LUaa 
60.0 
60.0 
66.0 
66.0 
66.0 
66.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

LaSl 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Thc Dirrctor of the Tampa Parmirriry aputrat n y  mdify thk limiting 
c d t i o a  or arrmd chis condition tc o t b r  parids o f  th. study, b a u d  on the  
results of hydro-biological d t o r i ~  for the o r  ruarwir .  

2. 

extent p a s i b l a .  TBC a l l  bs the  first and p r i n r y  -tation source for cha 
reservoir. Durimg +be ronth. of March through Juar, urgmuelon frm Sulphur 
Springs will noc b g i n  until wsar l m l r  in che rosuvoir rocada to 20.0 feet 
PICVD. Ouring che ma* of J.rmuy through Fobrulrp. and July through Dmaubrr. 
aucpsnution f r a  S u l p h u r  S p r f n p  will not bmgin until wamr h l r  in tbs 
r a a a r w i r  recede to 18.0 fmac RCVD. If vacer 1-l. roc& to the aforauncioard 
levnlo, the P s m i m e  will a t tenpt  to n o t  aupmt+.tiou d.rmQ vttb th 'Isc 
before initiating uitbdravals frm Sulphur Springs. 

The Pamittme .lull m h k i s e  vithdrmls from sulphur spr* to the - 
During the mthL of Much chrough June. augnnution froll 'ZBt to th+ ruomwir 
vill not h~in un t i l  -tar l.vo10 in t h  r u o m i r  ram& to 21.0 f u t  m. 
unless . u g a n u t i o n  is roqulred by bodim 19.~.1. for tho purp0.c of 
m i t i p t i o n  of incrusod r o s e m i r  vtthdr.v.k. Durm rontbr of Jp.lug 
through Fcbruszy. .ad July chrougb Decubor. a u p m u c i o n  fro8 TBC t o  t j u  
resamir will uot bogin until uatar  levels in  ti^ rurrroir ratde t o  19.0 feat 
NCVD, unless uip.ntation i s  rquired by C o d i ' i a r  19.E.1. f o r  cbe purpose of 
mit ip t ion  of ipcrusad r a s a r m i r  vichdrmls. 
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4. 
Th. Dlrector of Clm Tampa Permitting Doparmant r e u m  the right t o  s e t  -me 

uactr vithdravn from Ehc Spr ing .  
l i m l t s  on chloride, su l f a t e .  and total dlmsolvad aol lds  concentration 1~ 

consdution W i t h  the Permitrma. A t  a u h  tisa .D the concentration in wate 
samples r a t r f t v t d  from ch. Spr ing  lnuke uceed th. d o s i g r u ~ d  concenrrario 
lidtb), thc P0rrttt.e sh l l  take appropriate u t i o n  t o  reduce p a r w t e  
concentration t o  k l w  the l i n i t ( s ) .  

These llmltr shrll be determine b 

20.  

A. 
The qualffiod coPeult.ntfs) oh11 be se lec ted  by the Permittae. and data 
co l lec t ion  fo r  tbe fiBn program shall begin by October 1, 1991 and end September 
30, 1991. D i S a i C t  stoff sha l l  b. provided copies of a l l  proposah received i n  
response to tht Parnittee's r a w s t  f o r  proposals. aad shall ba providcd the 
opportunity t o  a11 o r a l  p r u l n u t f o n r  regarding rtu proposals. The 
Director of tha Tanpa Permitring -putpant shall be pruvidod wri t ten notice of 
oral prbsanutionr 8t hut one vaek in rdvmca of  such presmmtions .  Tkuouph 
a l l  stcps of the eousulunc selection process. the District v i l l  provide the 
Permittee a non-binding t8c-nd.tion of tba c d t . I l c s  vho propose t o  
UaQrUlce the proja t t .  

The final scope of work shall be usitton Iftar discussion u u l  n a g o t h t i o a r  w i t h  
tha conaulunt .  Tht final .cop. of vork w f l l  at a riniprmP ad&*so th. seven 
items o u t l i m d  bolw and vhore appraprf.+.. cbaagu to th. *.om it- c.n ba 
mde u a r d t  of acquiring additiOp.1 i a fomt ion  mot ~ ~ l i l a b l a  at che t h e  

pr r t i c ipa t e  in the dra f t ing  of the f h l  scope of vork. Five copiba of a @ 
scope of work stull be submitted to ttm D i t m c t o r  of cb. Tampa Permit- 
Deprcmnr f o r  approval. by no lattr thm July U, 1991. 

The Study k a e  f o r  ths ini t ia l  thraa y u r  pmriod of the pernlt shall extmd froa 
above rho r u e r w i r  & to t h t  v i c i n i q  of the b l t d ~ u r  Drive bridge. and shall 
include Sulphur S p r i q s .  l b e  scope of uork md sardp au f o r  th. reminder of 
the duration of the permit .boll be revisad accordfag to r a a ~ t i o n s  
contained i n  th fL.p.l r m p o t t  durn February 15, 1995 (covering Uater Y u r s  1992 to  
1991). subjecr to approval of th. Director of the Tampa Permitting Dapar-c. 

tha p a d t  u*r iasumd. The District shall bm pr0oid.d tb. opeorami I 

1. - 
A total of six supl iq  stations shall be established. 00. ststion o u h  a h 1 1  be 
l o u t o d  in the ruerwir md Sulphur Springs. Four additional sites shll br 
located in ttu v i c i n i t y  of the following locations: 

(A) Hi11sbomg.h River at S.B. 5RS (2- S t . )  
(B) tKllpbotough River at U.S. &1 
(C) Hill8borougb River 8t Hillsborough Av- 
(D) Hillsborough River at Columbus Drive 

S i t e s  A t h r o q b  D shall ba ravibued by the sb1ecCb.d d M t  for  
appropr i a tmua  (inrrluding considoration of effmet of s t ~ r n a t u  input in the 
vicinity of Q sitas) during p r w r a t i o n  of th. final .cop. of wrk. Tbue four 
sirmr are tontatip. md subject t o  tm1.u .ad approval by rb. District ua&r 
f ind .cop. of w r k .  IlaraP.r. lf any of h o e  four rim. u e  -d, &my will, 
raplacad on a 1:l h i s ,  vitfi 110 addicionrl sites baing r e q u f r d .  



.. 



3.  
L .  Biological mulcortng s h l l  be caducted A t  the  sites ident i f ied  

approvrd final scope of work, for L period of NO pars,  u d.ssi$l) - 
tbe cable belw. The s m  sites shll be rued for uiter qua ... 

ClRCANISn L4unQKs EEmvEsX 

biological ronttorlng, except M designated belov. 

FhytopllrJrcon A l l  s i tu Yur 1 - Honchly 
UC.Pt Y u r  2 - See Section 3.c.  Below 
Sulphur Springs 

Banchic All sius Year 1 - Quarterly 
Macro- except Sulphur Year 2 - See Section 3.c. Belov 
imrsnsbratss Springs 

md ruemofr 

Aquatic ks PU8V8ph Y u r  1 - h t h l y  
Vertobrates bdoV Year 2 - Sea Section 3.c. Balon 
(FL.hari.0) 

* 
Aqautic vertebrates shall be w l l e c u d  by ma- of ichrhyoplanltor 
surveys lad juvenile fish r w e y s .  Lchrhyoplm)Ron surveys shall be 
accamp1isb.d by boat Cws via pl&ton mu, md j uvcpF1e f i s h  surveys 
shall be w o l p l i s h e d  by using saines md crawls. Ichchppknkton 
surveys shall b. c&ud at four river sites loutad  belw the d m  
(not focludlng S u l p t m  Sprhqs). while j u v u ~ i l e  f i sh  surveys shall be 
collectad at 5 rimr sius d.pmdky 011 st- suitability. 
lout ions  UIL be Eb. smm u tha vamr quality d t o r i n  

smapling equipmat, altarcute sitas n y  be mcumry. 
lomtioao of  section 2.a.. tlovrvar, dus to phyoiul  llai+.ci 0s 

b.  A one tim s h o d b e  h b i u c  inventory. including aquatic macrop-s. of 
the lower Hillsborolyh River shll be cmducud during tbe  ftrst y u r  of the 
moniurring parid. 

F o l l d n g  ths first y u r  of biological dru solloction. rha District a d  the 
Permittre vfll rsriav dl dau collected, as requirsd by the approved final 
scope of work. u a his to detem5.m any j u s t i f i d  &age  to the sample 
frequency of b io lo f iu l  monitoring for rhc smxmd year. 

c .  

4. - 
Th. consulunt shall rovieu md .-fie a11 prrtriour biological, hydrologic. 
and uatsr q u a l i t y  studies of the reservoir, lover river. md Sulphur Springs. 
This oh11 include revieu of  the Dfstrict's Sorn librrrg. The c o l l e c t e d  
infozmation shl l  be uud in  rh. a u l y s i s  as appropriau. a d  che findings of the 
reports s h d l  be s u m u i z e d  in  the first interprerfve reparc required by th is  
condition. 

5 -  - 
A survey of +k s t o m t e r  inpats md u s o c h t o d  eu-t efficfortcies .hll be 
conduGud &a first y u r  to evalrucr tha p O t m t i A 1  irp.ct0 of dlract watershed 
disdurp into tba Bitl.borougb IU11.r. 

The goals of em plrn dull be: 
6 .  - 
a. To daurrfru ~ o l o g f c ,  water qudlty. md bla log iu l  rmlatiesshlps la rhe 

study u e a .  ad tbfr relati-hfp to discharge a= eb. reservofr d u .  md to 
deta- vhschr tln propond increase in vi&&awab of 20 HCD w i l l  &tn 

A 9  
~ 
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d. 

c. 

7 .  

of 2s 

MI ~ ~ ~ b . ~ t . b l o  h r s e  h p a c c  on uator q u l i c y .  and fish ond v i l d l i f e  I: 
rh. 1-r tlilbboraugb Biwr.  

To dotormina the habitre functions of the lovcr Billsborou@ River. 

To 6.torrfac rh. inporunco of Sulphur S p r i n y  d i s c h u p  t o  water q u i l f q  
and biology of ths 1-r Hillsborough Bivar. during a l l  t h s  of the year. 

Tho construction of a uthutiul hg&ologful  rods1 (not a uator qualiq 
&l) of t b  reaarvoir chat inc1Ud.t. but is nat lid& to tmms fo r :  
inflwa into rh r u e r v o l r .  i n f i l t r a t i o n  to tbe m, bank aeopage @us d 
l o s ~ ~ .  ovaporatioa. cbayu in storage,  a d  withdraw& from and 
iugnucia to tho roeenroir. This r0d.l shall all- th s-htion of 
doperdabla yields and b0unstr.m relusos udar varioru uithdraual and 
a w t a r i o n  sconuios .  The modd shall facluba tha TBC. 

In rolacion to tho itom a b m ,  rb. u l t i u t e  g o d  of thf~ study shall be t o  
dstmrahn an o p M  wfthdraua l /aupenutbn  nrngmmant h d u l o  fo r  the 
rssemoir, Ibc. d Sulpbur Springs ttut linia(trl d6wnatru. impacts. (PfLLlc 
a t  tho s . ~  ti.. w c i n p  uator  supply IN&. 

Jo in t  roviev of a11 draft r o p o ~  shall uk. p b o  by tba aUmOriq, the C i q ,  
md the District. All roporu  shall be subjoet to Dis t r ic t  revlow urd ru~gootad  
revisions. Fire copirr of a l l  reporta shill bo . u b P f t t o d .  T b  ruulu of tbs 
monitoring prop-  shrll be rubritud 2O tho District in a s u i u  of three 
raporm. p l w  ond of y u ~  dau reports f o r  rh. prppoao of dcffning future 
monitoring r~quirarants. tkuovor, &pmafnp on &mgu to tba -1% prop-  
if trr  &a first tpd u c o n d  dam c o l l a t i o n  y u r s ,  ft u y  bo rvcuury fo r  the 
Director. T p p .  PemittAng Deparamt. to modify tbo r.por+iry schmdult d u e l b e d  
brlov . 
By Saptombar 1 of uch  data collootion yoar (ucludiry tb. thlrd data colloccion 
p a r ) .  the Pemitcee  .hll sutdf dl &u col lected tD &U. on bud copy md on 
clccaodc rdi. in a format r e c i n e  District speificatioas, to tlm Diroccor. 
tupi P o r r i c ~ i q  ap.rtwnt. I h i a  data .hill be r d d  in .ccordmoo with 
coaditiop. 20AZ.b. md m.A.3.c. to dstorrfas the oxtent of futuro monitorlag. 
l b e  dau ahd l  k r.viovul by tb. Pcrnirtu md tho Disaict  bacuua Sep-r 1 
md Soptmbar 30 o f  urh a p p l i u b l o  y o u .  By % p a r  30, tbo Diouicr u l l l  
nocify tha paaim of th. future  &tori% roqutramu. which arc 20 b. 
implrpurcul b a g f a  0etob.r 1 of tbe s . ~  par. 

A progross report shall bo submitad by Fobrury 15. 1993. Thi.8 report shall 
include a l l  raw &u fo r  cbo f i roc  y o u  of +ha projecx oa hard copy tpd usmtial 
graphs and tat w i t h  l i t t l o  or no fntorprotivo di.cwsion. Tho roport shall 
Lncludo a !-/ of &U colloetod during tho flrot sma&y pur md tat 
prooidfnb a d u c r i p t f o n  of ronfraring progress. 

A s o c d  ropDrt .hll bo rubnittad to tho Dlsa ic t  by Fmbrrury 15. 19%. Thia 
report  -11 sema as an intorprorive r.pott f o r  th. b i o l o l i u l  and first NO 
yearo of uater qudity dam e o l l o c t i a  for tho onftoring propam, ud dull 
include: a revlow of previous data colloctfon programs md b i o l o g l u l  .Ipd wator 
qual i ty  satdies of tba 1-r B i l l a b o r w  Uwr,  cho h r o l i n a  hrblut invattory 

tho lovrr ri-r -king tho r o l a t i o ~ h f p ~  of b i o l o G d  c d t i u  t o  
salinity aad =car quality varirblu affoctod by di.chrgo from tho rosorvotr or 
Sulphur Springs. kconpanying rb. suoad roport dull k th &u e o l l o c u d  in  
tho socond yaar of tb. projocc on hrd copy. md ctn corplato set of &u 

Of th. 1-r ~ l h b O r O U &  UVEI. ud AS80s.P.nt Of tbc M i U C  ftrncti- Of 
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collecmd for tin first two years of th. project prwidad on electronic media fr  I 
a forarc meting D i s t r i c t  specifications. Tho emcoad roport shdl be subje-. tc , 
the District reviow, urd require the approval of th Director 
Peaairtlng D.pArmmt. 

A third report shall b. subnfttod to the District by February 15, 1995.  N s  
shall be AU interpretive report uhicb incluhs the following: a f h l  analysis 
of rtrc relationship. of sal ini ty  md other vater wiry variables to discharge 
from tbs reservoir md Sulphlrt Springs. tha hydrologic 00&l of the reasrvoir 
system. and pruantat ion .Dd discussion of the oprj.ul W i t h d t A U ~ l / A u g n m t & t i O r  

m=sug-t 8ch.dule for the r u e r w i r  .y . tem. This to-ndsd schedule vill be 
upad to detesuine rb. =st appropriate vithdravd md augwnution schedule fOT 
the ruerrmir .  spring. and TBC, b u o d  on b u t  a V A i l r b h  &u. 

Altbmgh che biological data -re ev.1u.t.d in deufl in the second report, &he 
third r.pott shll discuss discbTge/water quality relationships md the  o p t h l  
reservoir mm8g-t acb.dule AS t b y  pert~ln to biologiiul co3nmiti.s in t h e  
Hillsborocyh River md the T.np. B p r s s  cmil. The third reporz shdl also 
contain reemmuidations for c o n ~ t i ~  of tho &toring program o r  other 
u u l y s u  relevant to dosignin& or updating .LI optima1 reservoir -g.nanr. 
schedule for tbe rslervnir systam. hcconpnying the third report o h d l  be the 
data collactod in tho third year of th monitoring program on hard  copy and on 
electronic ~ d i a  in a f o r u t  meting District rpscificatious. md the hydrologic 
model f o r  rba reservoir systm p r h d  on elscuonic p.di.. 

The findings of  tbe t h i r d  report -11 b. subject t o  reviff by the District .  and 
the re-nd.tions containad in  the roport shall require apprwal of t h e  

vithdr.val/augunution - ~ . ~ n t  schedule wi l l  replace the requir- 
Copditioa 19.E.1. ( ' ruervoir migmmucion md withdrawal schedule Ib* during app*: s 

D i r e c t o r  o f  t h e  Tampa P e r m i t t i n g  Department .  

period.). 

Of =he. 

B. - 
If at m y  tip. during the tern of tbe pormit the interpretive reports or District 
suff ' s  milyr io  indicates that uuacecpuble adverso inp.cu are occurring. or 
are u r t i c i p t e d  to occur. due to the Fncr.uod vfthdr.Vrl0 from ttm reservoir. 
t b  City w i l l  b. mquirod to l i m i t  withdravrls from tho rasuvui r  to m 
acceptable impact. Hovwmr. xmehiry in thia condition shall be sous r rwd  t o  
lMt t tm authority of tfu b u d  t o  act pur-t to b a d i t i o n  2 of t h i s  permit. 
If. b w d  on th. umclusiona of the f ind  intorpretiva report. addition~l 
monitoring assu-t is d e w d  s n C e S 8 A r g ,  a d d i t i d  -toring w i l l  be required 
by the District. 

21. 
The Perni t -  alull continua t o  develop, implunt. .ad .rpmd oxisting water 
consemation programs to reQce d.nandr on the uater resourcon .Ild incroue efficiency 
of water use. W i t h i n  s i x  (6) wmthr of P e d t  is-.. thr Pszmittmm hll  subit. 
for  approval by the Diroctor of the Tampa Permitting Dopumanc. a wdification o f  the 
water conrerp.don p l m  a u M t u d  on Jrnw 1. 1990. &at bu th. uzrrmt -tor d.pmd 
figures ( a t t o d  Jrnv 1. 1990) bCorporat*d i n t o  th. p h  in th appropriate areas. 
This modifiod p h .  wimn approved, r h l l  b. hplosntmd in  conjuactioa with a i r t ing  
pr0Fam.s. 'Lhs Perrit:t.. a l u l l  NboLt thrw copior of this wdl f i ad  w a t e r  consemation 
p l m .  A t  t b  PezdS%e's option, o m  p h  can b. s u b d t t o d  to 0Qp.r thk pnlt 
UUP No. 206675.01. to n o t  tha revised p h  r o q u l r u r n u  &ova 8nd to n e t  a 
r equ i rusn t s  of c o m d i a  21.A. rad 2l.B. NO follovfng rquir-ts -t 
mt: 

A fJ 
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A. The Permittee dull U r r y  out the provtsions of 1- District-approved Uate: 
Coruervacion Plan i n  a t h l y  manner. fi Pezmitcee shall subpit progres: 
repott .  CmPcerninr irplsol.ncacion of :.he d a n  on Seouabar 30. 1995 ant .~ r -  

$ a p t d m  30. 1999: 

B. PedcCae dull establish and/or maintain Qu ucberinn sroce&res that d l o ~  - - .  
amutzu of waur to be accounted into verious categories.  These u t e g o r i e s  ma> 
be by either meer siza or use. such w r e s iden t i r l .  c-rci.1. indus t r ia l .  
M.ec0unt.d. rad ocher. The procodures EUCC produce &ca m i u b l e  for  developing 
r e l i ab le  uciucma of current water use and projections of future water demmd. 

22. 

23. 

The PernftCae dull pursue the pluming. develoepsac. awl i n p l r v n u t i o n  of alccrnace 
nater SOUTCU pr io r  fo the expiration of thFs pdt. AS s a t e d  in camd.i.tion 20.8, i f  
urucccptable adverse i a p u t s  are occurring or a r e  M t i C i p a C o d  u) o m .  due t o  t h e  
incraased viCbdrau8b, cbe Parmicue w i l l  be required to & c r w e  wichdr . rp lo  from tbe 
riocr. md uk8up W a r m r  @.yoad .p mat4 -rage pumcirg of 62 I(cD) fron another 
vater  source. Therefore, tbs Perni t tee  1h1l d u c e  rltarrutim nter supply 
options during the tern of thio pormir to m i d  the p o ~ s i b i l i r y  that water demands 
w i l l  not be able to be mt, due to permitting congtraincs. The P e m i t t m  shall be 
prepared to umrcise  them alternative wamr ntpply options whether ths reservoir 
q u m t i t i u  are allcnmd to be iacrcrsed to 82 I(cD o r  not. 

For the term of chi. psmic. cbe Pamictee slull provide the Diacricz w i t h  the c u h u  
of a l t e rna t ive  nter q l y  aptiolu that dm Permittee i s  eutrmtljr u d u t & h g .  The 
r e p o n  shall be fruluded in +ho aamd report  roquired by brdition 23. ' Ibm report 
shall includs updacu on the apulfer Storage .ad Rewury study. Itoolur'a Point Reuse 
Scudy, Qpress Bridge intercomeccion. t h e  C i t y ' s  p o t e n t i d  n l l f i s l d  propcrq mu 
b k e  Thonoto-8 md P s n b c m  Creek, f e r r i b i l i t y  of furchar incarconruedon to zhe 
regional .yct.n. md any other n ter  .upply options tbe City is pursuing. tbv chose 
sources vil l  be -gad in conjunction vith the optimal vi&drd/ - ta t ion  
mrugewnt  schedule to be developed during the u z m  of th. permit fo r  tfie reservoir  
system o t u l l  be &scribed. Further i n rucomvc t ion  to the regional ayatm w l l l  
include investigation of nrhodologier t o  overcom ths ar ranc  incompadb i l iq  of City 
and Authoricy finialud nter. Itm updates on the Hooker's Point B.uM w i l l  
include p0tmt i . l  irprC+s to Hillsborough Bay if diachrrgu to the Bay are decreased 
due t o  reuse. nu -1 up&- shall include copies of any r.poru tbc C i r y  
published o r  receivd regarding tbsae IOLUCU. Altmaate wamr sourcu rhll s c r u s  
t b e  develop~mc of tba 1-1 resource. u ~ a  of tb. larut -11- water able to be used 
(including d u d ~ c l o n ) .  rad hpbrologic end euvlrormul C~crainat . .  -1-t 
of a l t a r a a t e  w a t e r  a0uIc.L u y  be requirod p r io r  co aurhorizacion to ineraus uircing 
source qumcitiu. 

Atmbumm 
The Permitme .ball prepare a coapx:.h.Mive but concise annul raporc on n0rri1 B r i d ~ e  
Yellfield.  Hillsborough Wv8r B a r e m i r  d Sulphur Springs. A t  th. P s d z t m e ' s  
opcion the Tampa Bypus Cmal (TBC) nty il.0 be inc1ud.d i n  this rcport. l o r  tbc 
resemoir .  tb. Sulphur  Sprilys.  and th TBC. oaly thr rmqulr-ca of Section .Ag 
bdw shall be r.guir.d. Ik inforueion requirrd by the a d d i t i d  smctioru k l o v  
are  not required f o r  tb. surface w a t e r  -tam LL the18 arc rrqulrmd to be .ddtesmed 
rmdar tbe hybro-biological wdtoring plan bucrfbod in  -tLa~ 20. For dam Morris 
Bridge U e l l f i o l d ,  am Uau-t of Efra water resources and emLroamu1 Wt.u of 
the wellfield u o a  k requirad f o r  a l l  a.ctiono l l s t e d  below. l t d ~  rrporc shell 
concisely a-iu &a e L o m u  liscmd belau. vith .rph.i~ on ch. inmrac t ious  
between thase el.mt. .  -re qpropriacc. Date i o u r c u  siull be referoncod. but no 
raw d ~ t a  shall be included i n  the rmport. Only es.racb1 c a t .  gr-. md ubler 
should be ine1ud.d in th. report. The Pedt tae ' s  suff &all arrange to n e t  w i t h  
Discrfer s a f f  ED discuss c i ~  d r a f t  report  p r io r  t o  rubrftul. D l s u i c t  suf f  w i l l  be 



P-T C ; & m  TO: PEWIT No.: 206675.31 
C i c y  of Tampa DATE FEUXI1 GIANTED: Bovember 27, 1990 
306 !bst Jackson Sc.  
Tmpa,  Florida 33602 
and PEP.HIT EXPIBES ON: November 27, LUOO 
uert Coast Regional U a c e r  SOURCE CLASSIFICATION: Surfacewater 

2535 Lurdmuk Drive, S u i t e  +211 m: HLllrborough 
Claarvatsr, Florida 3kb21 -ION: SectLon 26,  R 8 S .  B19E 
(f-8 B P M S  fhUd (m)) 

a DATE PEBWIT APPLICATION 
m z D :  Sepcamber 2 

supply authority USE ~SIFIGAIION: Public Supply 

I (-gal 8.ns ux l  -us) 

-nans rn CONDIT~ONS OF MIS PEBKIZ ARE ,u moIlDvs: 

1. 

2. 

3.  

--_ .-. 

\ -_ 

I. 

5 .  

6 .  

7. 

If any of the sut.pents in the application rpd in the supporting data are found KO 
merue ud iarccurats, or tf eh. P e s m f c t s u  fail to comply w i t h  a l l  of tha provisii 
of Chapter 373, F.S.. -tar 40D. or the coPditionr sec forth herein, t h e  Govern: 
b u d  shell revoh chis p a d t  in  a m x d m c a  rfch U e  &OD-2.3*1. following notice 1 

haaring. 

1 1 26-285-193 . 28 00 S4 82 22 12 2O.OOO,OOO N/A 40 * OOO ,000 

In the -at the District dmclarea that a U8-r S h o w  exists pursuant to Chopcar 
400-21, ths Distr ic t  s h a l l  alter. modify, or drclrrs iprtriva a l l  or p m  d this 
paxmit as aecusuy  t o  r d d r o . ~  tha water ahortag.. 



1. The TBC w i l l  be the  first and p r h a r y  a u p e n u c i o n  source for  the resemo: 
If v a t e r  l eve l s  i n  the reservoir recede Co the proposed a u p n c a t r o n  leve 
bscribod in Comdition 19.E.2 of UUP No. 202062.02 for Sulphur Springs, t 
Parmiturr Vill retoapt  to m * C  ugmenu t ion  d-ds w i t h  the TBC befo 
initiating vi&dr.vrls f ron Sulphur Springs. 

2. During the months of Uueh through J u w ,  aulplsneation from TBC t o  t 
ruemoir will not h g i n  until water lamb in the  reservoir recede t o  21 
feat UWD. unless u r p n u t i o n  is required by coadi+ioa 1 8 . C  fo r  the purpo. 
of n i t i g r t l o n  of increased ruervofr vkhdravals. During the wnchs of JU 
through February. augmnution from TBC u, the reservoir  w i l l  noc beg: 
until vater 1-1s Fn tho reaerpoir recede to 19.0 feet NGVD. u n i e r  
augmontstion is rmqulred by condition 1U.C for che purpose of mirigation c 
irpcrusmd reservoir vithdr.v.11. 

3. Withdrauals from the TfiC v i l l  C.U. -: 

a. The surface uater elovat ion in the liarmy cmrl. u read on the  p . 8 ~  at S 
161, i s  at or  belov ~ o l v e  (12) foec m. o r  

b. Stage a t  the reserwlr dam is at 22.5 feot 1ocm). -nution of cht 
ru-ir shall nat ocw uba uaur 1-l. in the reservoi r  are at or a b o v e  
22.5 foot m. 

4. If a U f o t y  * l m a t i o n  .bop. I2 foe+ 1#;pD at nulmy c4n4l ia mc...uy eo 
assist tho P e m i t t e e s  in avoidlag p i o h d m  of corpdition 17.F.3.a. tb.a such 
a d o t y  elwmclon shall bo fnplmnntd. If th. District detarmlaw that 
the Pomfnams u e  in violation of Codi t ion 17.F.3.a. the D i s t r i c t  u y  
impoae a safety e leva t ion  above 12 f.at HCVD, afcsr discussion v i r h  the 
Pezmitteu. Ru mv s a f e t y  factors sh l l  then supersed. those conuined 
w i t h i n  Cbdidm! U . F . 3 . a  &ova. 

G. 
k c u e  ptmtirl h p a c u  t o  tha lowar ~uLkboro\yh Uvar could not ba quantified 
at the  tiy of  pe&t is-• f o r  WP No. 202062.02 (Hillaborough Rivur 
B u e ~ ~ ~ i r ) .  a net LPcr rua  in river vi&iraval.s w i l l  not be all-d u n t i l  a 
Disuict-8pproP.d o p t h l  vith&aval/.up.nucion schectule is bplemmred. Lo 
described in condfdrm 18.A. For thir ruson. thr TBC v i l l  be usod to provid. 
Pi t ip t ion  vator to rhe ruerrmir accordance virb ehe micigarion c r iu r i a  of 
Go9di+ion 19.E.1 of UUP lio. 202062.02. 



effects of & c r u s e s  i n  s torage on chs occurrence of low and no flow d ~ y s  

The 'daily mitlgaclon quantity '  pumped from the  TBC. shall be c lear ly  
the pumpage report  f o r  tha reservoi r .  and sh.11 be s a s i l y  disceri.,a : 
a u p n u c l o n  from the TBC f o r  non-mitigacive a u p n c a t i o n .  The cumula: 
quant i ty  of PitigaCIon water uummd from TBC o h 1 1  also be desinnacsd i n  

0 
- -1 . .  

pumpage reporcs co the D i s t r i c t ,  rad shall be termed the "cumulative mitigac 
qurn t i rp=.  

If 8uch mttigation is not feasible during thc coprtruczion of t h e  perman 
p q i n g  f a c i l i t y  for dm TBC,  th. Permittees shall submit a wri t ten  rsquesc 
the Director  of che Tampa Pennitciog Depmxmanc, within 60 days p r i o r  
initiatioa of corucruction. Ttxe request shill detail the spec i f ic  reasons I 

miziption during the construct ion period is oot feasible.  when conrcruccion 
the p-ot facility is proposed to be campletad. and when the mitigat i  
pumpags vill rmsw again. The requast vill  require written approval of K 
Diraccar of the Tampa P a z m i t t b g  Dsp-ot p r i o r  to dtocontinumce of m i t i g a t i  
pumpage from TBC to the raaervoir. The Director  of the Tunpa P e r m i t t i  
Department ruy modify this l imit ing condition o r  extend this condicion co och 
periods Of the Satdy. based on the r d t a  of hydro-biological m i t o r i n g  for  f 
TBC or the raerwoir. 

18. 

A. 
The qurlffi.d c d t m t ( 8 )  shill be selected by t h e  Permittees. and &t 
collectiorr for tha l3.W program 8- bogin by October 1. 1991 aod end Sepr-dx 

respoosa to the Pamittmas' request for propoeil.. and sh.11 be provi * :I 30, 1998. 

opporamf ty  to at- dl oral preunutioas r e g u d i o g  the proposals. Th 
D f r a c t o r  of th. Tsupa PermLtting Dep-nt shall be provided v r i t t e n  notic. o 
o r a l  prmsentatbos at loror. 00. rnek in advance of such p r e s e n u t i o a s .  Throug 
111 stmps of th-e conrulunt se l ec t ion  process,  the District will provide chc 
Pamittmas a moo-binding rec-ndation of th. consulunto who propose CI 

The final *cop. of work .hill be written after discussion and negotiations w i c t  
the c d t l p t .  rhs f i d  scope O f  Wrk -11 at A minimum Address the sever 
1- ouairud below aod d a r e  rppropriat.. ch.ry.r to the roven items can be 
llde AS a reault of acquiring a d d i t i d  information not available at the t i m e  
tha p e d t  u8 k n u d .  The Dirtrice shall bm provided the opportuniry t o  
participate in t b m  drafting of the f ixd  scope of w r k .  Five copimr of a f i M l  
8 C O p  Of work 8hd.l be e t t B d  to th. Dfreetor of the Turpa Permitring 
D8-t  f o r  .pprovcl, by oo later thm July 15. 1991. 

The S t u d y  Area for the initial three y u r  period of the permit shall ax& from 
rbaoa S-160 to the vicinity of HcK8y Bay at ZZnd S t .  Cruaeway b r i e e .  Izu * c o p  
of rork d rtudp area for the ramabdar of  tha durat ion of the pernit shall be 
r w e d  ucordtry to recorand.donr cautdmd Ln tb. fiml report due Fob-ry 
15. 1995 (cotnriry Water Yurr 1992 to 1998). subjec t  t o  approval of Eht 
Director of the T p p r  P e r d t t i n g  Dew-ot. 

1. - 
A total of five u r p l i o g  SUCiopr shall be asubl i shed .  The sites sh. 
l o u u d  in dam Tmpa B p s  C u d  at th. u p s t r w  s ide  of S-160 and fn -.ae 
viciaitp of  fou r  of the foLl8wlog 1oUdoM: 

District suff shall be p r h d d  copies of a11 proposals rec  

uu&rt.L tile project .  

- 

-I) 

A 14 



(A) Palm Bivor AC S.B. 60 
(B) 
(C) P a h  Bfver ar U.S .  &l 
( 0 )  
(E) 
(PI 
(C) Kchp Bay at  22nd S t .  Clurotmy briQe 

Palm Bfwr at hydoll  Drive 

C.rrcrd &Kay b y  i n  daopost portion of chrnul 

Nor& ride a f  rwC.y &y 
south .ids of  seKAy Bay 

S i t u  A through C shall bo r w i m d  by t h o  solactad consultant f 
appropriacaurr (Fneluaky cousidarrtion of offocc of stormvator input i n  t 
vicinity of th. Si tes )  drtrLng preparation of &a r i d  scope of wrk. Siras 
thr- C u o  tmutivo md subjoct to r 6 . v  md rppro0.l by the Disc:icc und 
ths finrl scope of work:. Howover, if u y  of tho four downstream a i t s s  are move 
they w i l l  be rsplaced on a 1:1 basis .  wLth w additional sites being required. 

2. 
A. IXl-SiCU rad hbOr8toq W a t U  cp.lf.U for +hs S . n P l C  K i U S  l i s t e d  . 

Soctioa 1 a b w o  shall bo colloctod and um1yr.d on a nonchlp basis for i 

lacot une y u r  (a- roetion 2.b. bolw for p u s  NO and three). To avo1 
dupl iut ion of effort. tho Porritcmw u p  us0 modtoring sicor a v a i l d l  
froP o thr  agmcios, vh.ro appliubla. 

Wr-r quality cualysss shall includr: 



Wing the a- tiid.1 .nd t h  of day couditionc each monch The si 
collection t iu  and dace shall bm ine1ud.d v i a  a11 &ca. 

and 0.5 t rv9fDr by 3),-0 perfomad according to procedures outlined in che current 

UPCF or  e r  far 

FollOVing Che first ym.u of vrmr quality &u collection. the D i r t r i c c  
t b a  Permittee w i l l  raviaw ill dam col1eet.d. ~b required by che s p p r  
fFP.1 %cop. of work. LO a b u i a  to d.t.rmhm any jus t i f ied  change t o  
S.nplC frequancy of V a t a t  q d i -  monitoring fo r  t h e  second year. 
.ppliclblc. a similar ra*w -11 ukc p h e  at the end of the second c 
collection y o u  for tbe thfrd y u r  of waitor ipg.  

Analys 

of 
U 8 S C u  by Che USEPA. 

b. 

3 .  
a. Biologierl noaitoring shill be couchtad at Ehc s i t a s  idencifisd i n  

appr-d f i n d  tcopm of wrk, for a period of N o  ysrrs .  as designated 
the uble  below. Uw sit08 shill be rued for water quality 
bio1ogi-l monitoring. -pt u d u i p u d  bslov. 

phptop- h e  S-160 Y u r  1 - Honthly 
!l%W?BK XuTXQKs EREouwcl 

d 3 water Y u r  2 - Sea Section 3.c. h l o v  
quality situ 

& n t h i C  all r i a  Y o u  1 - Quarterly 
Hacto- Y . u  2 - See Section 3.c. Bslw 
irrP.rrabrrcms 

0 
aprvtic W r g a p h  Y u r  1 - Konthly * 

Vartrbcates below Y o u  2 - See Saccion 3.c.  B e l o w  
( F i s h m i a s )  

Aquatic v a ~ e b r 8 c e s  shall be collecmd by wars of ichthyoplunktc 
sunmya and j w a n i l a  f i s h  aunmys. 1chthyopl.nkcon aumeys shall 1 
ucoPp1bh.d by boat tous with plankton mats, and fwenile f i s h  -) 
dull be rCcoq1ish.d by uabg 8 0 h  md trivls. Iehthyoplanktc 
8urvaya a h i l l  be conducted at four sius louted bmlov S-160. whil 
j-18 f i sh  n r r o ~ ~ .  8 U l  b. collectad at 5 S f t r r  h10v S-16 
dmp.ndiru m aft. ruiubilltg. Si te  locations c.n b. ehe a- as th 
u t e r  qua l i ty  monitoring sit. l o u t i o n r  of section 2.1.. Hovmvmr, du 
to phya iu l  Uueiiop. w i t h  r-1- equipmnt, r l ta rnr t e  s i tar  may b 
P.ceasary. - 

b. A oam t ima  shoreline h b i u r  immntory. including aquatic arCr0phpt.S. O j  

th. Pilp Bivmr shill bm conducud during the firat y u r  of rh. wdtor in l  
m o d .  

FoLlovFnp thm flrst y a u  of biological &U eoll8ction, &a D i 8 t r l C E  urd ehe  
Paalttmes vill r a w  all &u collected, aa required by tbo approvmd f f r d  
.cope of wrk.  u i b u t 8  eo data- my jwtifiod clung* to the UWl* 

of biological popitoring for tfi. second gear. 

c .  

4. - -e 
'Ru c d t m t  shall rawleu rpd sumarize a11 provious biological. hydtolc, -. 
m d  -tor qual~tg a+udiu of th. ra~, PA pivar. and b y .  3hb sh11 
includm a rovimw of tba District's SUIH lfbruy. Thm collmcted inforp.Cim sh.11 



a 

be rued i n  the u u l y r i s  u appropriate.  8ad the findings of the r e p o r u  shall 
slmnuized i n  the  first interpretive r epor t  requtrod by chis condition. 

A SUIP.~ of  the st0lY.t.r inputs md asociaemd trucmmnt efficiencies shall 
coaductsd the first y u r  EO evalurtc the potential impacts o f  d i r e r  waters1 
dischuge into the TSC. Palm U w r .  md & b y  h y .  

5 .  - 
Th. pals of  the  p l m  shall be: 

a. 

b. 

C .  

d. 

e. 

7 .  
Joint rsviev of all draft reports shall uh place by tha ~ ~ t h o r f t y .  the City, 
and the D f s ~ f c t .  A l l  roporu shill b. subject to D i s t r i c t  revlff md sugpsced 
revisions. Flvm copies of ill reports shall k .uboi+ud. Tha ruulu of the 
monltorlng prop- shall be nrbPttud to th. Dfrtrlct in a s m r i u  of three 
rap-. plus ond of y u r  data reports f o r  cha purpose of &finiry future 
=micoring requLr-ca. Hovwmz, &p.aaku on chuyes to the uaplbg prop-  
deer  the firsr md second dau colleetlon y m r s ,  it  u y  be mceaury fo r  cha 
Director.  Tampa PearictFag D.prrtp.nt, to wdffy the r.porciry schedule ducr ibed  
b l o w .  



A procress report rhrll  ba submictrd by F c b n ~ r y  15. 1993. This rcpo 

graphs a d  cexC vich l i c c l r  or no in tc rpre t iw discussion, 

providing a darcripcion of modcoring progress. 

A s a d  repors shall be submitcod +o che Dhcricc by Febnury 1.5, 1994 
report .ball  senre as an inccrpretiva reparc f o r  the biological and fi 
y u r s  of uatar qualiv data col l re t ion for the noaitoring program, ~r 

iaclud.: a r 6 . W  of preeau t  at8 collection propaus urd biological 8 R  
q u d f q  soldims of b e  TBC, - P d n  Eivmr, .nd H a y  Bay, che shoreline 
inwncory of che Palm giver. and m asses-nc of the Mitat funcrionr 
Palm b a r  and SCU8y b y  .PPhlr ing  thr rebdonrhfps of biological  c o r n  
t o ,  ~ U G q  ard w1-r q U t y  vrri8blu affected by.  d ischarge  from 
A f c D c r p W  the second rWOm S k u l l  b. che &u collecced i n  cht second g 
the projecc 011 h u d  copy. md ch cooplace see of dam collectad f o r  chc 
NO 9-s of the project p r d d a d  on e l e c a d c  media i n  a format rn 
D i s r r l c t  S p e C i f i u C l o P r .  The second reporc stull be subjmct t o  the Di :  
r d w .  md require tha approval of t h m  Director of the Tmpa P s ~ :  
Dap-t . 
A third reporc a h d l  be tubmirt~d co che DiouLcc by r e b u r y  L5, 1995. 
sha l l  be an incerpretive raporr vhicb includes the following: a f ina l  a m  
of thc reladonships of sdiaicy and 0ch.r nut qwl icy  variables co disci 
from 5-160. the hydrologic model of c b  TBC/ruervoir sy9tt.m. and prertnr; 
and discussion af the o p W  c r i t h d r m l / ~ u t i o n  -g.Pant schedule fox 
ZBC. This re-d schedule vfll be used to &ce- the sost 
u-ithdzu8.l md augmsnucion schedule for  
best .p.ilrble &u. 

Althougt! t h m  biological data wrt . p r l u r u d  in Quil ia che second report. 
thFrd r e p o n  Shill discuss d k c h . r g e w t u  quality re ladoaships  and the opci 
reservoir -gmnr schedule as they p e r u i n  co biological connunfries i n  
Hillsborough River md the Zampr B p a  C u u l .  The t h i rd  reporr shall a 
c o a u i n  re-udstiopr for eoptlxuudoa of &a waicoring p r o p m  or oc 
d y r a o  re1e-c to cksiptng or  updating m ope- r u e k i r  muugsmm 
sch.duls for elm TBC/raserPoir ryst.n. acCwpanyiag che chird report shall 
cha &u colluxed in th. &ird y u r  of che &coring program on hard copy i 

oa e l e c t r o d e  n d i a  in a format meeting Disaict s p c i f i u r i o n r .  md t 
'hydrologic mod81 for.' +ha r u e m t r  sysun provided oa eleetroalc  mdia. 

Ihe findiryr of tha third report skull be subject w review by che Dircrict, a 
the recaammndations concabad fn cha rsporr dull require approval of .c; 
Director of thr Tap. PermiaFry h p e n c .  

me ippr-d U i c h d r 8 U d / ~ ~ o P  otrugement sehechrle will  r e p h e '  13 
requir-u of bndit ioo 13.C. 

If at ray * during dm t . ~ p  of dxe permit th. burpredoll rap- or D i r e r i c  
S-'S dpI. f d i e a ~  ttut urucupuble m r s e  ~~P.CU U= otsurriag. 0 

a r e  mcicipaced co occur,  c b ~  to th. w i ~ d  ern me m ~ ,  che Pe ye 

-1 be rrquired co 1-c vicbdrmals from the n c  to an a c c e p u b l e ~  C 

m r ,  mchiry'ip &is copdiciou su b. C-W co limit chr auehor. 0 :  

ctm Board to a t  putrumt ca tonditlaa 2 of c h i s  permft. If. b u d  ** 
corPclusionr of tim find hmrprecivm rqwtt. .dditioml wmicorfry u a u n e n c  i: 
b a u d  rucusuy, 8ddfcfoua.l m n f t ~ r i a g  dl1 k raqufred by ehe Di.aict.  

indud. d 1  rw data for Ch8 first prr of the project on hard 

include a s v  of dam collected during elm f i r s t  

rasamoir. rpriry. and 

- 

B. - 



19. 
The Permicues  Sh.11 continue to develop, inplrpsnc, a d  expand axis tang ua 
conservation progr- to raduce danrnda on the uacer resources and increase e f f i c r e  
of wamr use. Ufchin S i x  (6)  month. of Permit: issuance, the Pannitcees shall subm 
fo r  approval by the D f r e c ~ ~ r  of fupa Permicciag. a modification o f  che ua 
cumemacion p l an  submitud on Juae 1.  1990, tbat  has che current vacer d e w  f i g u  
( s u h i t c e d  Junr 1. 1990) incorporatad into the p l rn  i n  che rpprapr ia te  areas. I? 
modified p l M .  vh.n .ppr-d, shall be iaplamncod i n  conjuncrion with exist: 
programs. If th. Permitaer' Coaaerv8tioa plan 8ddrara.c boch CUP 206675.01 and h 
202062.01, t h e  PermiCt:ees can subnit one p h  fo r  chis permit f i l e .  Ocherwise. t 
Pemiccees shall aubpLc three copies of chis m d i f i a d  vater conservation p h .  

a 

. addition, the two following requir-ts u t  be ut:: 

A. 'Lha PermiCCees Sh.11 cuzy  Out Cha proviaions of i t s  Distr ic t -approved Uac, 
Conrarrrrtioa Plrn in a Cip.1~ aumer. The Permit- s h a l l  submit progrc: 
reporzc consosuing inpl.Pmut:ion of the p l m  on S e p d e r  30, 1995 and Septmbt 
30, 1999. 

B. Permictses shrll e a u b u h  and/or ovinuin dau p e h o r i n g  procedures a r  a l l c  
amouars of wter t o  be accountad into various cacepriro. Them camgot i e s  pa 
be by either Ycer size o r  use, nrch as rasideatirl. c-rcid, industrial 
w c c o u n u d .  and orher. The procadatrag .wC produce dau su iub le  f o r  developin 
r e l i a b l e  o s t h t u  of atrrenc w a t e r  u.e md projecrionr of  fucure water m. 

AW 



be ured i n  the analysis AS appropriate .  md the findings of the reports shal! 
s-fzed i n  th8 f irst  i a t e r p r e t i v e  r epor t  required by t h i s  condicion. a 5 .  - 
A aurrray of tbe st0-a-r inputs  and associated treatment ef f ic ienc ies  shall  
conducted the first y.az t o  evaluate  the pocantial  impaccs o f  direct  waters 
dischuge into the TBC, Paln Uver. and H C K A ~  BAY. 

The g o d s  of the plan shall ba: ~ 

a. 

b. 

' c .  

d. 

a. 

7. 

TO d . t r d n e  hydrologic. vater q u r l i t y ,  and b io log ica l  relacionships i n  t 
S r u d y  U r a ,  md t h e i r  relationship t o  d i s c h r g c  at 5-160. and t o  determi 
vhethrr the virhdravals from tBc wLL1 have an uMccepub le  adverse impacr 
water quality, md fish md u i l d l i f m  i n  ehe Palm River and Kcby Bay. 

To dmtcrmim ehc hablue funct ions of tbs Palm River and ndby Bay. 

and o u t f l o w s  in the TBC. 

The conxtruczion of a vrhurtiul hydrological model (not a vater qualit 
modal) of tha 'LBC tb.t irpcludu, but t not l imi t ad  t o  terms for:  inflor 

evaporation. chayes in storage, md ufth&md.s from ~ n d  augmmtation c 
the ruerv8i.r. This model shall a l l o w  tha r i a h t i o n  of depmhble  yiald 
and dorrutrum r a k e s  &r various vlthdrawal .ad 
sc-ioo. Tha modal ahal l  imelude t€te reserpofr. 

In relation to the i + n a  &me, the ultimate god of the rcudy a h d l  be t c  
datermi- an 0pt iD . l  vitMravd/-utfon managomant schedule fo r  t h c  
r e se rvo i r ,  'nC. md sulphur Springs that miinlPPizes dovntrreuu impacts, v h i l c  
a t  the  saw^ tiw -ting water   upp ply me&. 

TO &taw hou v u i o ~ r  1-1s of punrping rho TBC vill e f fec t  water level 

bt0 tha X O S 8 ~ h .  h l f i l t r r d o n  t0 +he n c .  brnlr 8eePw &a .ad l O S S e 5  

-w- 

Joint revFav of ill draft report .  shall cake place by t h e  Authority, the C i r g ,  
and eha D i s a i c t .  A l l  report. -1 be subjoct co District r&w md suggested 
revfalono. Fiva c0pi.o of dl raportm shall be nrbpined. The results of the 
wni+oring program shall be rubnitud to the Disaict in a series of three 
rmportr, p lus  end of 9- &u reports f o r  th. purpose of &fining fuarre 
monitoring raquiroao-. h v o r .  dopading on changu EO the saupling program 
&tar the firsc and second dr+. collection years. it may be nbcessuy fo r  t h e  
Director. T m p a  PennitIiry D m p r r t n m t ,  t o  w d f f y  the rmporting sdudule &scribed 
b.lop. 



Plots of s a l d y  at the WMUSDI stations m the Palm RiverMcKay 
Bay systcm vs. discharge from Structure 160 on the Tampa Bypass 

I 

canal. (Au depths shown. unics are parts per thousand for salinity 
.. and cfs for drscharge). 
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Plots of dissohred axygen at the WAIUSDI stations m the Palm 
River/McKay Bay system vs. cixhage from thuctme 160 on the 
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APPENDIX M-1 

Plots of salinity and dissolved oxygen in the Palm River 
measured by the HCEPC vs. discharge from Structure 160 

on the Tampa Bypass Canal 
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APPENDIX M-2 

Summary statislics for water quality parameters in the Palm 
River measured by the HCEPC 

%- Ll, fl.’’.S 





I M- Std 

PH 17.1 

Median gu) 

color @a) 

B.O.D. (4) 
&dayflow(Cfs.) 25.5 

TurbiditvIntu) 7.87 

.5 

24.1 

38.9 

2 2  

17.4 

11.2 

I 

7.6 122 

16 286 

21.4 253 

3.6 286 

24.5 82 

5 286 

N-Total hd) 1 1.50 I .89 I 1 2 3  I 203 I 
N03-N(mg/l) I .09 I :14 I .06 I109 1 
P - T o t a l ( 4 )  I .7 I -5 I 



a 

a 



NO~-N 
~ ~ ~ ~~~ ~~ I .I2 23 .06 109 

I .7 .5 .6 286 

.4 .s 2 71 

2460 8620 300 286 

1241 6282 100 283 





Means, standmd m a n s ,  mediaus andnumber of obscrvatiom (n) for- quntny I 
pltrameters at HCEf'C Stgtim 58, MeKay Bay. a 

N - T d  ( d l  0.99 0.40 0.91 1 76 

N03-N 0.07 0.15 0.03 85 

P-Total (mgtl) 

P-oaho (ms/l) 
Total Coliforms 
(coU1Ooml) 

0-63 038 038 263 

056 0.43 034 156 

1254 992l 69 246 





APPENDIX M-3 

Plats of warer qualrty paranmeters measured by the HCEPC m 
the Palm River vs. discharge ffom S m  160 on the .. 
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APPENDIX M-4 

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

Hillsborough River Reservoir 
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APPENDIX N-1 

Final recommendaa 'om of the Tampa Bay National Estuary Program 
Mmmnun Flows Advisory Group for the Lower Hillsborough River 

and Tampa Bypass Canal. 
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APPENDIX N-2 I 

Chronological meeting summary of the Tampa Bay National Estuary 

Hillsborough River and the Tampa Bypass Canal. 
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Salinity Classifications 

Salinity Classification 
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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Results of analyses of h h  catch data COMfllcted by the Florida 
DepallmentofEmtiromncntal Proteaion Florida hbrine Research 
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Salinity Classifications 

Salinity 
Range (PPt) 
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I Densrty-weigttted k a n  salinities for species cdleaed in ten or more samples. Species ar 
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July 14, 1997 (Revisal Augun4, 199T) 

MEMORANDUM 

TO: 

FROM: 

SUBJECT: 

PURPOSE 

Fk, HRTBC Minimum Flows and 

Michael H. Beach, Professional -. Rcso 

of lower ml of TBC 

Investigate relationship of rainfall to flow from tk TBC 10- pool via 
smlcnue S160. 



RESULTS: 
T k r t s U l a i n d i c a a t h a t d S C k U g C a t S 1 6 0 , ~  of any inflows at $162, is 
princxpally tbtrtsult of rainfall. However, dirch;rrges arc also affcacdbyprrmping of water 
fmm the middle pool of the TBC to thc City OfTamparrwrvoir onmCHiU&mqh River. 
Thc best fit was ackvcd with Model 10 amdthtrcsults arc pi& m the Figure of prcd~cad 
and observed flows VQSPS dmt. 
tk third midall lag was marginal. InModtl11, tkc third lag wasdroppcd and& R2was 
0.891. Model 10 results arc given in tk folloWing.mbk: 

Thc R2 tam for Model 10 is 0.898. 'Ihc SignifiEanCe of 

Rainfall (incks) 

1st Lag, Raidall Cm) 

m Lag. = (m) 
3rd Lag. Rainfall (in) 

plrmplng W) 
Ixltmwt 

14.94 17.84 0 

10.69 12.88 0 

8.347 10.00 l.llE-16 

2.130 2.391 0.0187 

4.0872 4386 4.33E-05 

3.265 5.886 5.79.E- 



df sumorsmunsq F SlgnifianceF 
5 4116.812 823.3624 159.64 1.86E43 

91 469.3434 5.15762 

14.93836 0.837267 17.04182 0 1327523 16.60149 
x2, l s t h  '10.69446 0.829797 1288804 0 9.048189 1234275 

x4.3rdLag 213048 0.891M)g 2.3Qlo87 0.018749 0.3606 3.90036 
x5.Rmping.MMpool 4.011716 0.020338 -4.28554 4.33EM 4 . l m  -0.04676 

x3.2nd Lag 8.34106 0.834826 9 . m  1.17E-16 6.888583 10.- 

P-2 3 



df SUmofS U m S q  F SigrtAanClrF 
Rtg- 4 4087.324 1021.831 188.4515 201t-43 
ResidrrPl 
T-1 

92 498.8311 5.422077 
96 4566.155 

x l .  Rainfall 1525484 0.847669 17.98623 0 13.5713 16.93839 
x2, IStLog. Rain 11.0358 0.83812 13.16732 0 s.371222 1270038 
x3.2ndLsg.Rain 8.148883 0.851835 9.- 1.27.E-15 6.451085 9.840701 
x4. pumping -0.08865 O.UZE262 488883 4.41E-08 -0.13889 4.05841 

P-2  f 
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APPENDIX P-3 

MEMORANDUM (sepocmba 9,1997) 





%-nk9,1997 

MEMORANDUM 

?-3 / 
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7-3 e 







TABLE2: The rcgrcsh  rcsub for Model 17. 
lparametct IcocfsPcicm ltsrntistic IP-vahpe i 

P-3 5 



MEMORANDUM 

CONCLUSION: 

6 



Table 3 

dl F 

93 375724 40.40093 
T-1 96 19584.M 

%.W? m s h n d ~ d t s m t w i ~ -  Laprrwuppr rn lntcrapt g. -1 11.1 071 1 . 1 
xl. RnnPiW 4.7181 0.05509 -13.0349 0 4.0275 -0.8087 
x2RpinfpR 1262676 1.015476 6- 4 s - 1 0  D.021507 1623184 .- 
x3. lam. ~ u W  16.4757 1.0llfsG 9.083572 1325-14 1207783 20.07357 

P-3 3 
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Ckrotm 30, 1997 DRAFI 

MEMORANDUM 
-\TBCMPIZ.MEM 

TO: 

FROM: 

Filc, HRTBC MinimNm Flows a d  h i s  

Michael H. Beach, ProfcssioIlat Engmcr, Rtsource Evaluation 



MEMORANDUM DRAFT 

Tabk 

P- f '  7 



MEMORANDUM D m  

changc in canal volume, dvol= IIIflm - omflow, 

WhiChWaSexpaadcdrO 









Table4 M o n ~ h I y ~ o f ~ c & a x x  timcs in me TBC mi2dIcpool, wancr Year 1%. 
Timc is in days ad QTOT is water budget QTDT mpacmr. 

r 

M O W  OCT NOV DEC JAN FEE MAR APR MAY JUN IUL AUG SEF' 

TIME 14 17 19 16 18 19 26 29 19 l2 13 U 
ERROR -6.9 0 2  -2.4 -7.3 1.3 4 . 9  14.7 13.4 5 3  -E.3 -0.6 11.8 

CONCLUSION: 
A water budgarnodel was dmloped to explain mC rdati&bawem dmges in volume of 
thc TBC middlc pool as a fmction ofraiufaU imdpumping. The modtlproctuccd ao 
e x p r r s s i o n f o r s c c p a g c ~ ~  TBC middle pool yidd of32.7 Mgd for I~E 1994 warn 
ycar. Thc daivcd sapagewas garrally greater maathestepagedcrivedfmmtbc spring 
1997 model. 
1954 wafer year. Rsidmcc times for flow through me TBC middle pool WQC found to k 
berwcenunaodmmydays. 

waar budgm based on this analysis were pmbccd for earhmomb Oftk 
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APPENDIX P-5 
Time Series Graphs of Discharge at S-160, Augmcnmion Withdrawals from the TBC Middle 

Pool and stage of the Middle Pool 
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