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ABSTRACT

Once estuarine tidd flats, Lake Seminole was created in the 1940's by impoundment of an upper
portion of Long Bayou. Lake Seminole has been used extensively throughout its existence for
recregtiond purposes including skiing, boating, and fishing, as wel as passve recredion.
Recregtiond use, however, has declined in recent years as fishing, water clarity, and water
appearance have dl declined.

As a pat of an overdl management plan being developed for the lake and watershed by Pinellas
County and the Southwest Florida Water Management Didtrict, a digital watershed and water body
management model was developed using EPA’s SWMM and WASP software. SWMM was used
to address both water quantity and quality issues within the Lake Seminole Watershed. Water
quaity within Lake Seminole was then modeled using the water body modd WASP. Due to the
intrindc differences between water quantity and water qudity modd smulations, and the different
objectives of each modd, two separate SWMM models were developed. A water quantity SWMM
modd addressed flooding and a water quaity SWMM mode provided pollutant loads to WASP.

Cdibration was performed on the SWMM and WASP modds using rainfdl, runoff, and qudity
data collected in the fidd. The water quantity cdibration was completed first in order to quantify
the hydrologic and hydraulic characterigtics of the watershed, which was followed by the water
quaity analyses. Although separate, the two models are milar in that the water quaity SW MM
modd essentidly provides the hydrologicd loads for each waer qudity smulation. This
interrelationship is discussed, and how it related to the development of the Lake Seminole Watershed
Master Plan.

INTRODUCTION

The Lake Seminole Watershed encompasses approximately 1416 hectares (3,500 ac) of land
within unincorporated Pinellas County and the incorporated cites of Largo and Seminole, and is
amost entirdy developed with urban land uses. The watershed was higtoricaly much larger than
its current extent, however the limits of the watershed were dtered in the early 1970s following
condruction of the Lake Seminole Bypass Cand for flood relief. The cand diverts the runoff from

196 Yoder, Sear, and Robison



Lake
Seminole
Watershed

Pinellas /;
County

e

L - -

0 1t 2

1:300000

4 5 Miles §

03799 10493 48 Ladasom aps

Figure 1

Leke Semindle watershed location map.

197

Yosl er,

Sear, and Robi son



Sxth Biennial Sormwater Research & Watershed Management  Conference September 74-1 7, 1999

a large portion of the higorica drainege area north and esst of the lake, and discharges directly into
Long Bayou through a separate sructure dong Park Boulevard esst of Lake Semindle County Park.
Lake Saminde hes a rddivdy smdl waerdhed aea in rdaionghip to totd lake volume This
uggests thet less sorm water runoff is ddivered to the lake per unit volume then for some other
locd lakes Less lake water is replaced by runoff during a orm evert, therefore, and the resdence
time for water within the lake is longer then if a larger drainege aea contributed runoff.  Long
resdence times may increase the potentid for agae blooms and other symptoms of eutrophication
(nutrient over  enrichment). However, a amdler contributing drainege area dso means that pollutant
loeding from nonpoint sources is likey lower than for large watersheds Lower loadings can reduce
the potentid for eutrophication, and prove beneficid to the lake.

Unfortunatdy, the Lake Semindle Watershed gppears to possess conditions that may foder
eutrophication.  The smdl drainege area dlows a rdativdy smdl amount of runoff to enter the lake,
thus increesng resdence time. However, the highly urbanized drainage area produces runoff with
rddively high concentrations of nutrients metds, and other pallutants, thus enhanding the potentid
for water qudity problems

Findlas County authorized PBS&J in lae 1996 to as3g in the preparation of the Lake Samindle
Waeashed Management Plan (LSWMP). The LSWVMP is to be a comprehensve guide to managing
the lake, and will indude provisons for habitat protection and enhancement, water quity and flood
protection and improvement, recrediond opportunities, and aesthetic enhancement. As goart of'this
plan, the Lake Seminodle Waershed Management Modd (LSMM) was developed. This modd was
comprised of two separate but rdlated components outlined below.

»  Wae quantity smulaions were made usng EPA’'s SWMM verson 4.3 software. Hydrologic

and hydraulic smulations for both the watershed and the lake itsdf were paeformed usng the
RUNOFF and EXTRAN computationd blocks of SWMM.
Water qudity smulations provided non-point source pollutant loading esimates to the lake
usng the RUNOFF computationd block of SWMM. These non-point source loads were then
routed to Lake Semindle via the TRANSPORT computationd block of SWMM. Water qudlity
within Leke Samindle was then amulaed usng the DYNHAD and EUTERO subroutines of
WASP verson 4.0 software. The TRANSPORT block of SWMM and WASP water body modd
are currently under devdopment. and are not discussed in this submittal.

Both the water quantity and water quaity SWMM RUNOFF blocks were cdibrated with respect
to messured ranfdl, dage flow. and pollutant concentration data obtained from five sampling
locations within the Lake Seminole Watershed during late 1997. Rainfdl, dage, and flow data were
usd to devdop dagedischarge rddionships @ the sampling dtes and to condruct runoff
hydrographs for each recorded sorm event. Modifications were made to the input parameters of the
water quantity portions of the LSMM to bring predicted dage and flow values a each sample
location into dosr agreement with recorded vaues for three cdibration sorm events recorded in
late 1997. These cdibrated hydrologic input data were then dso used as input for water qudity
gmulaions Laboratory andyds of flow-weghted water qudity samples were used to develop
Eveit Mean Concatrations (EMC’s) for the fdlowing paandes Totd Nitrogen, Totd
Phosphorous, Totd Suspended Solids, and BOD. Moadifications were made to the input parameters
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a large portion of the higorica drainage area north and eest of the lake, and discharges directly into
Long Bayou through a separate sructure dong Park Boulevard east of Lake Semindle County Park.
Lake Seminde haes a rdaivdy smdl watershed area in rddionghip to totd lake volume This
uggests that less dorm water runoff is ddivered to the lake per unit volume then for some other
locd lakes Less lake water is replaced by runoff during a sorm event, therefore, and the residence
time for water within the lake is longer then if a larger drainege area contributed runoff.  Long
resdence times may increase the potentid for dgae blooms and other symptoms of eutrophication
(nutrient over  enrichment). However, a amdler contributing drainage area dso means that pollutant
loeding from nonpoint sources is likdy lower then for large watersheds Lower loadings can reduce
the potentid for eutrophication, and prove beneficd to the lake

Unfortunately, the Lake Seminodle Watershed appears to possess conditions that may fodter
eutrophication.  The smdl drainage area dlows a rdativdy smdl amount of runoff to enter the lake,
thus increesng resdence time. However, the highly urbanized drainage area produces runoff with
raivey high concentraions of nutrients metds and other pallutants, thus enhancing the potentiad
for water qudity problems.

Pinellas County authorized PBS&J in late 1996 to as3s in the prepardion of the Lake Semindle
Waterdhed Management Plan (LSWMP). The LSWMP is to be a comprenengve guide to managing
the lake, and will indude provisons for hebitat protection and enhancement, water quity and flood
protection and improvement, recreationd opportunities, and aesthetic enhancement. As goart of this
plan, the Lake Seminole Watershed Management Modd (LSVIM) was developed. This modd was
comprised of two separate but rdaied components outlined below.

»  Wae quantity smulaions were made usng EPA’'s SWMM verson 4.3 software. Hydrologic

and hydraulic smulaions for both the watershed and the lake itsdf were paformed udng the
RUNOFF and EXTRAN computationd blocks of SWMM.
Water qudity smulaions provided non-point source pollutant loading esimetes to the lake
usng the RUNOFF computationd block of SWMM. These non-point source loads were then
routed to Lake Semindle via the TRANSPORT computationa block of SWMM. Water qudlity
within Lake Samindle was then smulaed usng the DYNHAD and EUTERO subroutines of
WASP verson 4.0 software. The TRANSPORT block of SWMM and WASP water body modd
are currently under deveopment. and are not discussed in this submittdl.

Both the weter quantity and water quality SWMM RUNOFF blocks were cdlibrated with respect
to messured ranfdl, sage flow. and pollutant concentretion data obtained from five sampling
locations within the Lake Seminole Waershed during late 1997. Rainfal, dage, and flow data were
usd to devdop dagedischarge rdaionships a the sampling dtes, and to condruct runoff
hydrographs for each recorded sorm event. Modifications were made to the input parameters of the
water quantity portions of the LSVIM to bring predicted sage and flow vaues & each sample
location into doser agreement with recorded vaues for three cdibration gorm events recorded in
late 1997. These cdibrated hydrologic input data were then dso used as input for water qudity
gmulaions. Laboratory andyds of flow-weghted water qudity samples were usad to devedop
Event Mean Concentraions (EMC’s) for the fdlowing paranges Totd Nitrogen, Totd
Phosphorous, Totd Suspended Solids, and BOD. Maodifications were made to the input parameters
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of the water qudity portions of the LSVIM to bring predicted pollutant loading vaues a eech sample
location into doser agreement with |aboratory results of water quality samples collected during three
cdibration sorm events recorded in late 1997.

Reaults of surface water quantity smulaions of the LSVIM were used to predict flow rates and
dages within the watershed during desgn dorm smuldions The god of the waer quantity
smulaions conducted usng the LSVIM wes to identify existing and potentid future flood prone
aress within the Lake Semindle Watershed. Water quantity smulations for the 100-year 24-hour,
25-year 24-hour, and 25-year 6-hour Sorm events under exiging and future land use conditions were
deveoped to predict flooding potentid in the Lake Seminde Waershed under exiding and
projected ultimete build-out land use scenaio.

Reaults of surface water qudity smulations of the LSMM were usad to predict non-point source
loadings to Lake Samindle during three separae year-long continuous smulations Water quantity
gmulaions for an “avarage’, “wea’, and “dry”’ ranfdl year under exiding and future land use
conditions were deveoped to predict pollutant loadings to Lake Seminde from the surrounding
waershed under exiging and projected ultimate build-out land use scenaio.

Basad on these modding results dterndives can be devdoped to manage exising water

pallution problems and potentid flood problems. Ultimatdy the LSMM will be used to predict the
effects of various lake management actions on water qudity, living resources, and flood control.

MATERIALS AND METHODS

Many modds are reedily avaldble for amulaing surface water flow and flood weter devations
Pindlas County, however, requested that SWMM be used to conduct the floodplain andyss and
watershed water qudity smulaions Surface water runoff flows and pollutant loads were generated
and routed through severd subroutines of the SWMM modd. Ranfdl and watershed characteridic
data were input into the RUNOFF block of SWMM, which computed runoff hydrographs for each
subbasn. These hydrographs were written to an interface file, which dlowed daa trander to other
SWMM computationd blocks induding EXTRAN and TRANSPORT. EXTRAN was usd in
wae quantity smulations to edimate desgn sorm flows and leves and TRANSPORT was usd
in the water qudity smulaions to ddiver pdlutat loads to the WASP water body modd.

TRANSPORT and WASP modd components are gill under development, and not induded in the
discusson bdow.

RUNOFF Block Input Parameters

Watershed boundaries, basns, and subbasns were ddinegsted usng SWFWMD topographic
agids, agrids from the Findlas County Property Appraiser’s office, SWRWMD and Pindlas County
Geographic Informetion System (GIS) daa files the Findlas County Madter Drainage Plan (Pindlas
County, 198 1), field data and reconnaissance, and other data as noted. A totd of 2 14 subbasns
were identified. Subbaans represent the amdles spaid unit ddineasted conddering land use,
drainage infrastructure, and topography. These subbasins were aggregated into twelve (12) basing
which were ddinested by encompassing dl subbasins contributing flow to the same mgor drainege
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sysem with a angle outfal to the lake. In areas where there was no mgor dranage sysem with a
common outfdl, basns were condructed of adjoining subbasns that discharged directly into Lake
Saminde in the same vidnity (Fgure 2).

Exiging land use within the Lake Semindle Waershed congds primaily of deveoped urban
land. A large percentage of the watershed is resdentid, with little undeveoped land. However,
andl aess of agriculturd, public, recredtiond, indudrid, and other land uses are scatered
throughout the watershed. In addition, severd consarvation and presarvaion aess ae locaed
aound or in dose proximity to the lake. Because the watershed is nearly built out, the variety of
land uses within the watershed is condgent for both existing and future conditions Land use
coverage within the watershed for exising conditions was obtaned through the Pindlas County
Geogrgphic Informetion System (GIS) data base from the Property Appraser’s office. These data
were aggregated into one of the eghteen land use caegories used to devdop modd input
parameters  In addition, water and road coverage by subbasin were tabulated from the GIS déta,
dthough no formd category was assigned to these coverages by Pindlas County. Land use coverage
within the watershed for future conditions was obtained through the Pindlas County Geogrgphic
Information Sydem (GIS) data base from the Planning Departmentt.

Soil types within the limits of the watershed were determined usng the USDA Soil Consarvetion
Savice (SCS Soil Survey of Pindlas County (USDA, 1972). Each of the four soil hydrologicd
groups (HSG) “A”, “B”, "C", and "D" are represented in the various soil types HSG “A” typicaly
gengaes the leegt runoff per unit ranfdl and is often assodated with soils having a high sand
content and low weter table. HSG "D" s0ils generate the mogt runoff per unit rainfal and are often
asndaed with soils with higher organic content and a high water table The limits of eech ol
hydrologic group as reflected by soil type was determined by subbasin.

RUNOFF can dso gengae polutant loads based on watershed characterigics, and this
procedure was used during the water quaity smulaions The “Rating Curve Method” was ussd for
wae qudity smulaions, which uses a sngle Evet Meen Concentration (EMC) for pollutants
This reaults in pollutant concentrations which do not vary with flow. Initid EMC vaues were basd
on literdture vaues by land use type Fnd vdues were determined from the results of the
cdibration of the waer qudity portions of the LSMM.

EXTRAN Block Input Parameters

The water quantity portion of the LSVIM induded EXTRAN blocks for eght of the 12 bedns,
and the lake itsdf to route nmoff. Each sgparate routine reed an interfece file generated by the
RUNOM- block for eech gorm event smulation. Each interfece file contained the smulated runoff
data for eech subbasin and desgn dorm by load point. EXTRAN was usad to route the runoff
through the amulated drainage network. Lake Seminde itsdf was dso modded usng EXTRAN
in order to determine floodplain boundaries around the lake. The four basins (4, 10, 11, and 12) that
were not modded using EXTRAN ether lacked a well-defined conveyance system, hed a direct
discharge to Lake Seminole, or were too andl to be gopropriaie for propar EXTRAN routing.
Surface water runoff from these basns was Smulated within the RUNOFF block and discharged
directly to Lake Semindle Only the mgor conveyance features within each of the basns sdected
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for routing were moddled usng the EXTRAN block. Extreme upper reaches within the basns may
contain smdler dosed conduit, open channd, and pond systems which were not coded into the
EXTRAN block input. As dated above, the mgor drainege sysems were followed updream into
the bagns until pipe 9zes of less than 247 in diameter, or equivdent were encountered.

Hoodplan geometry, dorage dement and prdiminary drainage network information was teken
from SWFWMD contour mgps, FDOT dedgn plans and previous dudies paformed within the
watershed. Additiond fidd survey data of mgor channd reaches, pond outfdl dructures, and other
drainage dructures and invert devations within the drainage network were collected by PBS&J from
Augugt through October of 1997. These data provided the badis for the detailed drainage sysem
characterization of the Lake Saminde Waeashed. Survey data were collected from the Lake
Samindle outfdl of each badn updream to the cutoff point. The cutoff point was defined by the
County as the updream limit of pipes having a 24-inch or greater diameter and was updream extent
of the EXTRAN Block domain.

EPA SWMM Modd Constraints

EPA didributes the public doman vedon of SWMM veson 4.30, which has a limit on the
maximum number of nodes, reeches, Sorage junctions, weirs, and severd cther parameters which
may be modded in a angle amulaion. This dictated that separate modds be compiled for each of
the basns, and the lake itsdf. Since the Lake Saminole modd was not dynamicaly linked to the
baan modds an iterative gpproach was utilized to determine the 100-year & 25-year/24-hour flood
dages within the lakee RUNOFF and EXTRAN block output files generated by prdiminary runs
were reviewed, and flows generated by each of the basn modds were determined for each design
gorm dmulaion. A Spreadsheet was then used to combine al twdve (12) separate hydrographs
from the output file for each bagn into a angle combined time saries of flows for the 100 & 25-
year/24-hour desgn dorm dmulaions. Discharge into the lake reulting from rainfal excess over
al basns was obtained from the EXTRAN output files for those liged above, or RUNOFF block
output files for the nontrouted baans. These individud hydrographs were summed, and entered in
EXTRAN as a user-input hydrogrgph. This hydrograph was then combined by EXTRAN with the
hydrograph contained on the RUNOFF block interface file caculated by each of the desgn dorm
smulaions for the lake A usa-input hydrogrgoh option then dlowed this gngle time series of
flows to be coded directly into the EXTRAN data input file (K3 cards) for the 100-year and 25-year
24-hour desgn sorm runs for Leke Seminole EXTRAN automaticdly combined these user-input
hydrographs with the hydrogrgph contained on the interface file caculated by each of the desgn
gorm RUNOFF block amulaions for the lake.

RESULTS

Cdibration for the SWMM surface water quantity and qudity modds was accomplished usng
ranfal volumes and didributions messured during three dorm events a five separae dorm weter
monitoring dations edablished within badns 1, 2, 3, 6, and 7 of the Leke Semindle Watershed
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during 1997. Modd results were then compared to the measured runoff responses RUNOFF block
input parameters induding besn width, DCIA, impervious "n" and pervious “n”, were then adjusted
to bring messured and modded runoff pesk sages and flow rates into doser agreement.  Once the
waer quantity portions of the LSVIM were cdibrated, pollutant loading input parameters were
adjusted to more dosdy dign the amulated loadings to metch laboratory results from sorm waer
samples.

At eech of the 5 monitoring dations rainfdl, runoff dage, and velodty daa were collected
through manual messuremants and/or automaed gorm water sampling eguipment. All - monitoring
dations were egablished in locations which would sample a sgnificant portion of each badn, while
remaning up-dreem of any talwater influences In addition, gorm water samples were collected
a each monitoring daion for use in waer qudity cdibraion Smulations

Three sorm events recorded in late 1997 were sdected for modd cdibration and verification
purposes.  Sdection criteria required the following gorm charateridtics 1) an isolated evertt, 2) a
typicd ranfdl digribution, and 3) a typicd hydrograph shepe and runoff regponse Ranfal
hyetographs were developed from digitd data recorded during each sorm. Incrementd vaues of
ranfal were used to generate the sorm record, and were input into the SWMM runoff blocks for
eech of the five bagns contaning the monitoring dations A September 27, 1997 dorm totaed
goproximatdy 38 1 cm (1.5 in) of ranfdl over a two-hour period. Although this was a rddivdy
large sorm, which was rddively evenly didributed over the watershed and met the above three
criteria An October 17, 1997 dorm totded goproximady 1.27 cm (0.5 in) of ranfdl over a two-
hour period. Although this was not a large sorm, it was rdativdy evenly digributed over the
watershed and met the aove three criteria A November 29,1997 sorm event totded approximatdy
.89 cm (0.35 in) of ranfdl over a two-hour period. Although this was another rdaivdy smdl
gorm, which displayed some vaidion in totd ranfdl didribution over the watershed, it met the
remaning above critaia

Smulated sage and flow data & the conduits and junctions corresponding to monitoring daion
locations in the SWMM modd were then computed. Subbasin parameters in the SWMM RUNOFF
Block were adjuged in an iterative process to achieve the best fit between the recorded and smulated
dage and flow data Because the mgority of the parameters that were initidly usad in the RUNOFF
Block were based on default or sandard vaues, the parameters usad in the modding do not dways
reflect the conditions within eech subbagn. Adjusdments mede during cdibraion were rdaivey
minimd, with the result of the modd dosdy goproximating the messured data Cdibration runs
utilized both the EXTRAN and RUNOFF Blocks of SWMM.

Modded etimaes of pesk dage and flow for the five sampled basns were compared to
meesured vaues for the three gorms Devidions from maximum meesured depths a the five
cdibration detions averaged goproximady -5%, goproximatdy -8% for pesk flow, and
aoproximatdy 4% for totd flov. Modded edimates of pollutant loads were then compared to
laboratory results of dorm water samples collected during the three gorms Following severd
iterations, the average deviations from messured EMC values for Total Phosphorous, Total Nitrogen,
and Totd Suspended Solids were dso reduced as much as possble Usng these cdibraed
RUNOFF blocks desdgn dorm event smulaions were then peformed with the water quantity
pation of the LSMM to determine the extent of floodplains within the watershed, and year-long
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continuous Imulations were paformed with the water qudity portion of the LSMM to delermine
annud pallutant loadings to Lake Semindle

DISCUSSION AND CONCLUSONS

Fallowing the successful cdibration of the revised LSVIM, desgn sorm gmulaions were run
for exiding and future land use conditions for the 25-year 24-hour, and 100-year 24-hour design
gorms. Pesk flood devations predicted by EXTRAN were then usad to identify aress of exiding
or potentid flooding problems within the Lake Semindle Watershed. Potentid flooding problem
areas were d0 identified by running the cdibrated modd for future conditions. For both exising
and future conditions flooding was primarily redricted to minor dreat flooding, pond and lake
overtopping and junction surcharging. No mgor flood problems were identified and Smulated 25-
year and 100-year floodplans were virtudly unchenged for the exiging and future land use
conditions.

Non-point source pollutant loading estimates from the watershed were ranked by condituent and
besn to determine the mogt Sgnificant loads to Lake Seminole during the three separate year-long
waer qudity continuous gmulaions Land use within the watershed is predominently urbanized,
with a rdativedy homogeneous mix of land uses Not surprisngly, therefore the largest TP, TN,
TSS and BOD loads came from the basins with the largest areas, and were ranked in the same order.
This may indicate thet the best locations for BMP’s and/or storm weter retrofit projects are a
locations near the man dranage nework which covey runoff from the largest updream aress
possble  An andyds of such locations will be peformed upon completion of the water qudity
modd, which indudes the WASP water body modd.

Summarized bdow ae ssvard of the many lessons encountered o far during the completion of
this sudy usng the above described gpproaches

Snce SWMM 3.0 was to be usd as it is avaladle directly from the EPA for this project,
maximum modd aray Szes for modd parameers such as number of basns, noted and junctions
prevented the entire watershed and lake to be modded as one. Individud besns were therefore
run separady, and only adjacent basns with intermingled flood flows were modded together.

In order to obtain talwater devations for each of the modded drainage networks dumping into

Leke Saminole as wdl as a floodplan devation of the lake itdf, dl flows from the baan

watershed modds were summed in a Joreadshedt. This hydrograph was then entered into an
EXTRAN modd of the lake as a usar-input hydrograph as described above. Since this process
required two separate runs with an intermediate soreadshest summation Sep during each gep,
ubgantid effort was required to generae a complete a water quantity amulation for a given
gorm event. Limiting modd detal or usng a modified verson of the SWMM code could have

prevented this effort required during the water quantity smulaions

Land use input parameters deveoped for the RUNOFF block weter quantity smuldions were
based on Pinellas County dassficaions and totded 18. Separate basin input parameters were

204 Yoder, Sear, and Robison




Sxth Biennial Sormwater Research & Watershed Management  Conference September  14-17, 1999

assgned to each land use caegory, and ultimady usad to cdibrae the water quantity
amulations by bringing predicted cdibraion hydrographs into agreement with  hydrographs
recorded during the three cdibration sorm events Although more land uses provided a greater
number of possble modd input parameter vaidions, ay gans achieved in obtaining in a more
accurate and precise cdibration ended up coding a price in terms of effort kegping track of 18
land uses during manipulation of the input data set and QC, and this should be congdered.

» Three cdibration sorms were recorded, during which both water quantity and qudity data were
collected for cdibration of both of these agpects of the LSVIM. FHdd work involved in
collecting data for these cdibration events was focused on recording both water quantity and
qudity data during the same events Since water qudity parameters induded grab samples
which mugt be cdlected during the rigng limb of the hydrograph, many events were nat
monitored where these water qudity samples were not collected a the front end. In retrospect,
more focus could have been placed on obtaining good sage-discharge rdaionships a each of
the monitoring daions as a fird priority, prior to atempting to obtain good water qudity
samples
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