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EXECUTIVE SUMMARY

The City of Tampa, through its Stormwater Management Division, has
initiated a series of comprehensive stormwater management studies throughout
the City with the major objectives of alleviating severe flooding problems
while maintaining acceptable water quality standards in receiving waters. The
preparation of the Cleveland Street Basin study was authorized by Work Order
No. 1, dated October 19, 1982, issued under Contract 2411-H, dated October 18,
1982 between the City of Tampa and Post, Buckley, Schuh & Jernigan, Inc.,
Consulting Engineers and Planners.

The objectives of this study were to inventory the existing Cleveland
Street Basin drainage facilities, analyze the performance and adequacy of the
system through computer model simulation, identify the causes of recurrent
flooding wherever such flooding occurs during relatively minor rainfall events
and recommend, after evaluating a variety of possible alternatives, a
preferred cause of remedial action, based on economic, environmental,
feasibility and performance considerations.

City of Tampa records indicate that significant flooding occurs
throughout the existing system during rainfall events which are far less
severe than the desirable design storm for City drainage facilities. The
major cause of this flooding is the overtaxing of the basin's major conveyance
system, which was originally designed and constructed to handle runoff from a
slightly smaller and much less intensely developed urban area than that which
is now served by the system.

An inventory of the existing drainage facilities was accomplished by
researching the City of Tampa design and as-built drawings, Florida Department
of Transportation as-builts and by field survey. Basin and sub-basin
boundaries were determined by review of recent aerial topography, the City of
Tampa drainage atlas sheets and, in questionable areas, field observation or
survey.

Due to the complexity of the Cleveland Street drainage system, computer
modeling techniques were employed to determine the performance and adequacy of
the existing system and evaluate alternative improvements to the existing
system. A review of existing non-propriatory stormwater models revealed that
the hydrolegic analysis of the Cleveland Street Basin could best be
accomplished using the HEC-1 hydrologic program. Due to the extreme
complexity of the Cleveland Street Basin drainage system, the hydraulic
program EXTRAN was selected for the hydraulic analysis. To model the basin
runoff hydrographs were simulated with the HEC-1 computer program. These
hydrographs were then input to the EXTRAN program which simulated, on a real
time basis, the hydraulics of the Cleveland Street Basin pipe network.

In order to verify these programs and calibrate the models developed for
the Cleveland Street Basin, a gauging station was established at a manhole in
the vicinity of the Cleveland Street and Clark Avenue intersection to record
stormwater flows in the system. This flow data was then utilized to adjust
hydrologic and hydraulic model input parameters untii the simulated results of
the models agreed, within a reasonable degree of accuracy, with the measured
flows. Once calibrated, the models were then ready to analyze the performance
and adequacy of the existing facilities for the design event. The design
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event selected, based on a review of Titerature and current City policy was
the five year, one and one-half hour duration event totaling three and three
tenths inches of rainfall. Model simulation results of the design rainfall
confirmed that the existing drainage facilities are severely overtaxed.
Significant amounts of flooding were indicated by the model to occur a]ong
Cleveland Street, west of Grady Street; east of Himes Avenue, both north an

south of Kennedy Boulevard; and, in the commercial areas of Westshore.

Based on the results of the existing condition simulation for the design
rainfall, twelve improvement alternatives were developed to partially or
totally alleviate significant flooding in the basin for the design event.
Three of these alternatives eliminates all significant flooding within the
basin for the design event. For each of the twelve alternatives, order of
magnitude cost estimates were developed and water quality impacts on ultimate
receiving waters evaluated. The twelve alternatives were then jointly
reviewed by City of Tampa staff and PBS&J and a preferred alternative was
selected after weighing implementation cost, environmental impacts,
feasibility and performance of each alternative.

The preferred alternative for the Cleveland Street Basin would eliminate
all significant flooding within the basin at an estimated cost of $10,270,000
and could be implemented in four phases ranging in cost from $1.5 to $4.3
million. The preferred alternative includes:

0 Construction of a new separate outfall for the MWestshore area to
accommodate the intense development that has occurred since design
and construction of the existing system.

0 Removal of utility conflicts and placement of an epoxy Tiner in the
Cleveland Street box culvert from Himes Avenue to the outfall.

0 Construction of detention facilities and associated minor pipe
improvements as shown on Figure 4-11, Page 4-14, Alternative 12,
Facility Schematic.

This is the most economical of the three alternatives developed which
would entirely eliminate all flooding in the basin during the design event and
would result in an estimated eighteen percent reduction in pollutant loading
at the outfall. This preferred solution also has the advantage of being
suited to phased implementation.

The phasing plan recommended for constructing the proposed improvements
in the Cleveland Street Basin includes four major phases:

1. Improve flow conditions in the existing box culvert and construct a
new outfall for Westshore. Estimated cost = $1,500,000.

2. Construct detention facilities and associated pipe improvements in
the area east of Himes Avenue and south of Kennedy Boulevard.
Estimated cost = $2,600,000.

3. Construct detention facilities and piping in the area east of Himes
Avenue, north of Kennedy Boulevard and in the vicinity of - Grady
Avenue and Cleveland Street. Estimated cost = $4,300,000.

4, Construct detention facilities and piping to serve the HWestshore
area. Estimated cost = $1,910,000.
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Section 1

INTRODUCTION

1.1 BACKGROUND

The City of Tampa, through its Stormwater Mapagement Division, has intitiated
a series of comprehensive stormwater management studies throughout the City
with two major objectives; to alleviate severe flooding problems wherever they
exist (or have the potential to occur) and to maintain acceptable water
quality standards in receiving waters. This study of the hydrologic,
hydraulic and water quality characteristics of the Cleveland Street Basin is
an important first step in the implementation of the City's program. The
location of the basin is shown in Figure 1-1.

1.2 AUTHORIZATION

Preparation of the Cleveland Street Basin study was authorized by Work Order
No. 1, dated October 19, 1982, issued under Contract 2411-H, dated
October 18, 1982 between the City of Tampa and Post, Buckley, Schuh &
Jernigan, Inc., Consulting Engineers and Planners (PBS&J).

1.3 PURPOSE AND SCOPE

The ohjectives of this study were to inventory the existing Cleveland Street
Basin drainage facilities, analyze the performance and adequacy of the system
through computer model simulation, identify the causes of recurrent flooding
wherever such flooding occurs during relatively minor rainfall events and
recommend, after evaluation of a variety of possible alternatives, a preferred
course of remedial action, based on economic, environmental, feasibility and
performance considerations.

The initial item of work undertaken by P85&J) was the development of a Plan of
Study detailing the scope of work to be performed, the input data required and
output for each task in the study. The major tasks performed in order to
achieve the stated objectives of the study were:

o Meetings with representatives of the Florida Department of
Envirenmental Regulation (DER) to obtain their input relative to
water quality considerations, acquaint them with the scope and
purpose of the study and to ascertain their requirements for
obtaining environmental approval for proposed alternative system
improvements.

Inventory of the existing Cleveland Street Basin drainage system
through Tlocation, tabulation, field surveying and verification of
design and as-built drawing information available from City of Tampa
records.

Selection of the most appropriate computer model(s) for analysis of
the Cleveland Street system.

1-1
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Tabulation of existing Land Use information, determination of
stormwater runoff input parameters and establishment of design storm
criteria.

Preparation of model 1input data, verification of the model and
calibration of the Cleveland Street system.

Modeling of Control alternatives, assessment of the water quality,
land acquisition and cost impacts of each alternative and selection
of the preferred alternatives.

1.4 AGENCY ROLES

Throughout the progress of this study, PBS&J has worked closely with the staff
of the City of Tampa Stormwater Management Division concerning selection of
appropriate criteria, methodology to be employed and critical decisions
affecting the course of the study. In addition, representatives of the DER
were consulted at appropriate points in the study to help assure that the
system improvements ultimately selected would provide an environmentally
acceptable solution.

1.5 STUDY COORDINATION ACTIVITIES

The schedule of activities for the Cleveland Street Basin Drainage Study,
shown in Figure 1-2, indicates the sequential relationship of the various
tasks undertaken during the course of the study. In conjunction with these
activities, two additional programs authorized by the City of Tampa provided
valuable input to the Cleveland Street Study. The first of these was the
Nationwide Urban Runoff Program (NURP) Study which established water quality
data which was reviewed during the evaluation of the environmental impacts of
proposed alternatives. The second was a (ity-wide data collection effort
which provided stage elevation and flow data utilized to calibrate the
existing Cleveland Street system.

REP20:C
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Section 2

INVENTORY OF EXISTING SYSTEM

2.1 HISTORICAL FLOODING: RECORDS AND CAUSES

Although 1ittle technical data is available concerning historical flooding in
the Cleveland Street Basin, City of Tampa records indicate that significant
flooding occurs throughout the existing system during rainfall events which
are far less severe than the desirable design storm for City drainage
facilities. Figures 2-1W and 2-1E present an overall map of the system
indicating those areas in which these flooding occurrences are most prevalent.

The major cause of this flooding appears to be overtaxing of the basin's major
conveyance system which was originally designed and constructed to handle
runoff from a slightly smaller and much less intensely developed urban area
than that which is now served by the system.

The Cleveland Street outfall was originally designed by Florida Department of
Transportation, FDOT, in 1956 through a joint agreement between the FDOT and
the City of Tampa and was constructed concurrently with the Kennedy Boulevard
(S.R. 60) improvements west of Dale Mabry Highway. A number of factors render
that design inadequate to handle the runoff from the basin as it exists today:

e Runoff coefficients used for design in the basin, which was
relatively sparsely developed in 1956, ranged from 0.21 to 0.30 and
averaged about 0.25. As a result of the development which has
occurred in the area since that time, the average runoff coefficient
for the basin has increased to approximately double that figure. In
June, 1980 the Tampa Oepartment of Public Works estimated the actual
runoff coefficient to be 0.51. This factor alone would double the
quantity of stormwater runoff flowing to the Cleveland Street
system.

Whereas the total area considered in the original design of the
outfall was 994 acres, the area which now contributes to the
Cleveland Street system is estimated at approximately 1,100 acres.

The design storm used to design the system in 1956 was a three year
frequency event. Current Tampa criteria is to design drainage
facilities adequate to accommodate a five year event.

The storm intensities reflected in rainfall curves have jincreased
since .the date of the original design. This increase is
attributable to a combination of a greater amount of statistical
data on which to base the curves, the development since that time of
curves based on specific data for the Tampa region and, perhaps,
some climatic change in the period since 1956.

Construction of the Cleveland Street outfall was accomplished in the Tate
1950s. Apparently, the system handled the drainage requirements of the basin
adequately until the Tate 1960s. In 1969, the City began to receive

2-1
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complaints concerning overflow of the system from residents who experienced
flooding in the streets, their yards and, in some cases, their homes. Since
that time, as development progressed in the basin, flooding has become more
freguent and severe.

A review of the City's files concerning the Cleveland Street system reveals
that areas where complaints from residents indicate that flooding is most
severe include the vicinity of Westshore and Cleveland Street, Clark Avenue
and Cleveland and on Platt Street, just south of the intersection of Krental
Avenue and Cleveland.

2.2 TOPOGRAPHY

Three basic sources of information were utilized to determine the
topographical features of the Cleveland Street Basin. The first source used
was Drainage Atlas maps available from the City of Tampa which indicated
elevations at street intersections within the basin and general directions of
overland flow. The second existing source was topographical maps provided by
the Southwest Florida Water Management District (SWFWMD), indicating existing
one foot contours. PBS&J supplemented this data in areas where necessary to
delineate subbasin boundaries by field inspection and/or field surveys.

One significant topographical feature of the basin was found to be the
relatively sudden drop in the profile of Cleveland Street between Church
Avenue and Hale Avenue. In this area, the existing surface elevations falil
from 22.9% ft. to 11.8+ ft. in a distance of approximately 1,000 feet. A
profile of the Cleveland Street roadway from Himes Avenue to Occident Street,
which displays this sudden drop in ground elevations, is presented in Figure
2-2. tEtast of Church Avenue, the basin is extremely flat, ranging in elevation
from 20 to 23 feet over a distance of approximately one mile. West of Hale
Avenue, elevations generally slope toward 01d Tampa Bay.

2.3 LAND USE

Since the Cleveland Street Basin is almost totally developed, existing land
use is best demonstrated by the aerial zoning map of the study area presented
in Figures 2-3W and 2-3E. In general, the land uses in the area are primarily
single family residential with heavy concentrations of commercial development
along the major arterial streets traversing the site and in the Westshore
area.

Existing land uses in the basin are almost universally consistent with those
shown in Hillsborough County's Horizon 2000 Land Use Plan. Except for the
anticipated development (or redevelopment) of several prime commercial sites
within the study area, very little change in land use is expected in the
foreseeable future. For that reason, the analyses prepared in the development
of this study were based on existing land uses.

2.4 CONVEYANCE SYSTEM GENERAL CHARACTERISTICS
Figure 2-4 indicates the major drainage facilities within the basin. These

facilities comprise a closed conduit system connecting smaller feeder systems
throughout the basin to a major conveyance made up of increasingly larger

REP20:D
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concrete box culverts, located in the right-of-way of Cleveland Street and
uTtimately outfalling in Neptune Lagoon at Neptune Way and Shore Crest.

East of Himes Avenue, the major drainage facilities in the basin consist of
two parallel conduit systems; one serving the area north of Kennedy Boulevard
and the other serving the area south of Kennedy Boulevard. The confluence of
these two sytems occurs in the manhole located at the intersection of Himes
Avenue and Cleveland Street.

From Himes Avenue westward to Westshore Boulevard the system consists of the
box culvert in Cleveland Street with feeder systems from the north and south
connecting directly to it at intermittent locations. In the Westshore area, a
large feeder system, constructed during development of the Westshore
commercial district, discharges into the Cleveland Street box culvert at the
intersection of Cleveland Street and Occident.

2.5 MEASUREMENT OF FLOWS IN EXISTING SYSTEM

Through a separate work order, authorized by the City, records of flow in the
system were obtained by field measurement. The data obtained by these
measurements was used to calibrate the model input parameters for generating
runoff from the site and for conveyance characteristics of the existing
drainage facilities.

To obtain these measurements, a gauging station was established in the system
at a manhole located at the intersection of Cleveland Street and Clark Avenue.
The equipment used for measuring flows was a Marsh McBirney MMI 265 recording
flowmeter which continuously monitored stage elevation and flow velocities at
the gauging station and charted the resultant flows in million galtlons per day
(mgd) on a 24 hour, real time basis. This installation was in place from
December 1, 1982 through February 15, 1983. Two significant rainfall events
occurred and were recorded during this period; one on January 20, 1983 and one
on February 2, 1983.

To supptement these measurements, PBS&J made and recorded field observations
during a rainfall event which occurred on March 7, 1983. The results of these
observations largely confirmed the data obtained by the previous metered
measurements. The rating curve developed for the gauging site based on these
measurements is presented in Figure 2-5.

2.6 WATER QUALITY DATA REVIEW

On October 22, 1982, a meeting was held among technical staff of the City of
Tampa, the DER and the consultants. The DER staff indicated that since
improvements in the Cleveland Street Basin will not 1ikely involve dredging
and filling in any surface waters, it would not be necessary to conduct water
quality sampling and analysis studies. Instead, the DER suggested a
comparison of the peak outflow under existing conditions versus predicted
peaks under various alternatives, and making some qualitative conclusions on
how the differences in flow conditions may affect water quality. Such an
evaluation 1is provided in subsection 4.5, as part of the evaluation of
alternatives.

REP20:D
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The evaluation in subsection 4.5 is limited to the amount of outflow generated
and does not include the receiving lagoon. No water quality data was
available for the 1lagoon. Field observations indicate that it is a body of
water with very limited flushing and poor water quality, at least from an
aesthetic standpoint.

In the process of becoming familiar with runoff conditions in the Tampa area,
the consultant staff reviewed several draft reports produced in the NURP
study:

[+

"Precipitation Quantity and Quality Data" (February, 1983)

e "Runoff Characterization - Water Quality and Flow Data" {(March,
1983)
°© "Control Testing - Water Quality and Fiow Data" (March, 1983)

The runoff characterization study involved sampling at five (5) drainage
basins which had a high degree of homogeneity of land use within them. The
study basins represented the following land uses:

Q

High density residential (J. L. Young Apartments)

Low density residential with fringes of institutional and commercial
(Wilder Ditch Basin)

Institutional and low density residential (North Jesuit High School
Basin)

Low density residential (Charter and Harding)

High density commercial (Norma Park Ditch Basin)

The above report contains tables and the sampling results for various forms.
The report does not summarize the data in a readily usable form (such as

pollutant Toads per unit areas).

The control testing report involved monitoring at the following types of
control devices:

@ Detention/retention ponds (water quantity and quality)
Drainfield/trench systems (quantity only)

Open bottom inlets (quantity only)

Ditch systems (quantity only)

As in the characterization report, the data are presented in tabular form but
have not been summarized in terms of pollutant loads per unit area, nor in
terms of percentage of removal of pollutant input.

Thus, the above draft reports do not readily permit the calculation of annual

pollutant loads from the Cleveland Street Basin. It should be noted that a

2-11
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United States Geological Survey study that would facilitate the use of the
NURP data for estimating pollutant loads has not been published, and therefore
was not available. Accordingly, estimated pollutant loads for the Cleveland
Street Basin have been determined from other sources and are presented as
Table 2-1. Since very l1ittle change in land use is anticipated to occur in
the basin these pollutant loads will be used as a base for order of magnitude
pollutant load comparisons of the various alternative solutions developed.

2-12
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TABLE 2-1

ESTIMATED RUNOFF POLLUTANT LOADS FROM
THE CLEVELAND STREET BASIN

Unit Pollutant Loadings, in pounds per acre per year

AREA SUSPENDED 8005 TOTAL TOTAL
LAND USE (ACRES) SOLIDS NITROGEN PHOSPHORUS
Single Family 76.9 52 1.34 0.18
Multiple Family 258.9 15.8 9.69 0.71
Commercial 786.3 67.5 11.19 0.98

Pollutant Loadings, in pounds per vear

Single Family 682.33 52,471.18 3,548.12 914.32 122.82
Multipie Family 45.42 11,759.24 899.32 440.12 32.23
Commercial 284 .21 223,474.32 19,184.18 3,180.31 278.53

TOTALS 1,011.96 287,704.74 23,631.62 4,534,.75 433.58
SOURCE:

Jettmar, R.V. et al. "Dynamic Water Quality Modeling in Southeast Florida, "Journal
of the Environmental Engineering Division, American Society of Civil Engineers,
February 1980.

REP23: M1
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ior Section 3

: E ANALYSIS OF THE EXISTING SYSTEM

3.1 SELECTION OF APPROPRIATE MODELS

One of the earliestitasks undertaken in the course of the Cleveland Street
Basin study was theoselection of the most appropriate model, or combination of
models to be used fier simulation of the hydrology and hydraulics of the study
area. Final modelcoselection was accomplished by didentifying the charac-
teristics of the bastn which establish specific model requirements, reviewing
the capability of &e range of available models to satisfy those requirements
and, through use ofran evaluation matrix, determining the most appropriate
models,

The specific drainage features of the Cleveland Street Basin which dictated
the criteria for themodels selected inciude:

° A complicatkd, closed conduit drainage network.
A drainage.network sensitive to tailwater conditions.

The possilfility of reverse flow occurring within portions of the
system.

Surcharging within the system.

Variationimin subbasin lag times and time displacement of hydrograph
peaks resukting from the 1inear shape of the basin.

Looped andmarallel pipe systems.
Other factors considered in the model selection process were; availability of
the models on a non-proprietory basis, documentation, proven reliability and

the compatibility of vinput requirements with existing, available data.

Computer models comsddered for the analysis of the Cleveland Street Basin
were:

e HEC-1 wit®p¢inematic Routing Option

° StormwaterWanagement Model (SWMM)
Universityl of Cincinnati Model

° ILLUDAS (fraximerly, Road Research Lab Model)
°e SPEC Storm Drainage Model

° SCS TR-20

© EXTRAN

REP20:E



° HEC-2
° RUNQUAL

The above Tist of models was further screened based on a review of user
manuals, discussions with prior users and available technical papers
concerning past model applications. This review resulted in narrowing the
Tist of candidate models for the Cleveland Street Basin to five; SWMM, EXTRAN,
RUNQUAL, TR-20 and HEC-1. The significant features of these five models are
tabulated in the Model Summary shown in Table 3-1.

The final assessment of the most appropriate models was made using the
evaluation matrix shown in Table 3-2.

As a result of this evaluation it was determined that hydraulic simulation of
the Cleveland Street Basin would be accomplished using the EXTRAN model and
basin hydrology should be developed with HEC-1 utilizing the SCS Dimensionless
Hydrograph depicted in Figure 3-1. As can be seen from Table 3-2, EXTRAN is
the ohly available model considered which satisfies all of the hydraulic
criteria established for model selection. HEC-1 was chosen because of the
lTimited amount of hydrologic data available for the study area and the model's
flexibility in generating inflow hydrographs.

Documentation is excellent for both models and this will facilitate their use
by City staff after the study has been completed.

3.2 STORM PARAMETERS

As noted in Section 1.1, the Cleveland Street Basin study is part of a
comprehensive City-wide study. 1In order to maintain consistency in the
methodology used and conclusions reached in all of the on-going and future
analysis of basins throughout the City, a joint meeting was held with the
Stormwater Management Division staff on December 13, 1982 to establish a
uniform set of storm parameters to be used during the implementation of this
program.

During that meeting, the specific storm parameters discussed and the
agreements reached concerning criteria to be utilized in these studies were as
follows:

3.2.1 Source of Rainfall Data

Five different sources were available for data concerning the relationship of
rainfall intensities, frequencies and durations in the Tampa region. These
consisted of the FDOT Rainfall Curves for Zone 6, United States Weather Bureau
Technical Paper 40, the Pinellas County Rainfall Report, Curiosity Creek
Rainfall Analysis and the Rainfall Quantity Analysis (original report and
supplementary data) prepared by the City's consultants for the ongoing NURP
study.

Because of the widespread use and the acknowledged reliability of the FDOT
curves, this source was chosen as the approved source for rainfall data.

REP20: E
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TABLE 3-2

MODEL EVALUATION MATRIX

CLEVELAND STREET BASIN MODEL CRITERIA

HYBRAULIC CRITERIA:

SWMM SWMM
TRANSPORT EXTRAN RUNQUAL

o

Simulates complicated, closed pipe

networks * *
° Backwater conditions *
° Reverse Flow *
®  Surcharging x
° Looped Systems * *
® In-line Storage * * *
° 0ff-line Storage * * *
SWMM
HYDDROLOGIC CRITERIA: RUNOFF RUNQUAL TR-20 HEC-1
® Routing Methads
-Convex Methods (SCS) * x *
-Kinematic Wave Method * *
® Interception/Infiltration
-Initial & Uniform Loss * *
-Exponential Loss Rate * *
-SCS Curve Numbers * *
® Depression Storage * *
o * X

Relative Simplicity of Input Data

REP13:J
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3.2.2 Recurrence Intervals

A major decision in the selection of storm parameters is that of recurrence
intervals. This decision determines, to a large extent, the level of
protection against flooding that will be provided by the recommended
improvements in the drainage system. Recurrence intervals used for drainage
design of residential streets are usually two to three years while somewhat
more intense (less frequent)} storms are generally applied for major arterials.
In the City of Tampa a five-year frequency storm is the accepted criteria for
roadway drainage design. Therefore, this recurrence interval was agreed upon
as the criteria to be used for conduit system design in Cleveland Street and
other ongoing studies. In order to provide additional protection, it was
further established that storms with a recurrence interval of 25 years would
be applied to major detention ponds and 50 years to retention ponds.

For the Cleveland Street Basin only the 5 year recurrence interval storm was
considered since the basin is predominantly a closed conduit conveyance system
and therefore can be classified as a conveyance dependent basin as opposed to
a storage or volume sensitive basin. Any detention facilities proposed for
the basin will be viewed as secondary improvements to the existing primary
conveyance system.

3.2.3 Storm Durations

An attempt was made to select a standard storm duration to be used in all
drainage studies being prepared for the City. Durations from three to
seventy-two hours were considered. However, after a lengthy discussion, it
was agreed that the critical storm duration should be established for each
individual basin based on 1it's unique hydrologic and hydraulic character-
istics.

For the Cleveland Street Basin storm durations of one-half hour, one hour, one
and one-half hours, two hours, three hours and six hours were simulated during
the calibration phase. Based on the simulation results for these duration
events the one and one-half hour duration was determined to be the appropriate
critical duration event.

3.2.4 Rainfall Distribution

Several rainfall time distribution patterns were considered for use in the
City drainage studies. These 1included SCS Rainfall Distributions, Huff
Rainfall Distributions, distributions found in the Curiosity Creek Report and
the pattern developed by the City's consultants for the Tampa NURP Study.
After some discussion, it was agreed that, since the pattern used in the NURP
Study was based on a statistical evaluation of every significant recorded
event in the Tampa area over a 22-year period, this source provided the most
reliable rainfall distribution data currently available. This pattern is pre-
sented in Figure 3-2 for the 5 year recurrence interval.

3.3 TABULATION OF CONVEYANCE SYSTEM DATA
The initial source of data used by PBS&J to inventory the existing drainage

facilities 1in the Cleveland Street Basin was the Drainage Atlas maps
maintained by the City Stormwater Management Division. These maps indicate

3-6
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the general Tlocation and size of conduits within the system as well as the
direction of overland flow.

In order to obtain more detailed information about these facilities, PBS&J
researched the design and as-built records available in the files of the City
of Tampa and, in some cases, the FDOT. Utilizing these records, an Existing
Facilities Map was developed at a scale of 1" = 200' indicating the location,
stze, length and invert elevation of all drainage facilities 36 inches in
diameter or larger throughout the system. Wherever conduits less than 36
inches in size were felt to be significant in the analysis of the overall
system, they were also shown to this level of detail. The Existing Facilities
Map is presented in Figures 3-3W and 3-3E. In cases where detailed as-built
information was not available, appeared questionable or was not consistent
with cursory field observations, detailed field observations were made and the
map of existing facilities adjusted accordingly. In addition, field surveys
were conducted to verify the location and elevation of major system components
and to provide answers to questions which could not be adequately resolved by
field observation. During this stage of investigation, no attempt was made to
identify or locate utility conflicts or other obstructions in the system.

3.4 PREPARATION OF MODEL INPUT

3.4.1 Hydrologic Input Data Required for HEC-1

The HEC-1 model was used to generate runoff hydrographs for each subbasin in
the Cleveland Street Basin system. In order to develop the input data
required by HEC-1, the following series of evaluations was required:

3.4.1.1 Delineation of Subbasins

The boundaries of subbasins within the study area were determined from
available topographical data, supplemented by field observation and, in some
instances, field survey. The delineation of the subbasins, overlayed on the
Existing Facilities Map, is presented in Figures 3~4W and 3-4E. Utilizing the
subbasin map, plotted at a scale of 1" = 200', the area of each subbasin was
determined by planimeter measurement.

3.4.1.2 Determination of Impervious Areas

A vital input parameter in the determination of runoff from any subbasin is
the percentage of the total area which is impervious. In order to make this
determination, a rigorous analysis was made of each subbasin within the
Cleveland Street Basin to measure, on recent aerial photographs, roof,
pavement and other areas considered to be impervious to water. This procedure
was applied to residential areas of varying density as well as to commercial
and public or institutional sites within the basin.

As the study progressed, it became important to distinguish directly connected
impervious areas; i.e., areas which contribute stormwater runoff directly to
the drainage system, from non-directly connected areas. Non-directly
connected areas are defined as impervious areas from which runoff must flow
across adjacent pervious areas such as lawns or open fields prior to

3-8
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contributing to the drainage system. Once these areas were measured from
aerial maps of the study area, the effective percent imperviousness was
estimated for each subbasin.

3.4.1.3 Time of Concentration

Times of concentration were developed for each subbasin based on surface
conditions, length of overland flow, internal conduit systems and subbasin
topography. Overland flow times were computed using the FDOT velocity runoff
curves and in some instances, where gutter flow occurs and profile grades were
known, by Manning's Equation. Times of travel in smaller pipe systems not
modeled were computed based on an average velocity of two and one-half feet
per second.

3.4.1.4 Initial Abstraction and Uniform Loss Rate

The HEC-1 model permits several different methods for evaluating precipitation
losses in pervious areas. For the Cleveland Street Basin, the method chosen
was the application of an initial abstraction (the volume of water, measured
in inches, that is absorbed into the ground before any runoff occurs) and a
uniform loss rate (the amount of water which is absorbed during each one hour
pertod after the initial abstraction). The other available methods for
estimating precipitation Tlosses were generally based on an evaluation of
various properties of existing soil types. Since no reliabie soils data, such
as Soil Conservation Service {S5CS) soils maps, is available for the Cleveland
Street Basin and much of the developed areas has been filled with imported
materials, these methods could not be utilized. The initial values input for
these two parameters were one half inch initial abstraction and one-half inch
uniform loss rate. These values were adjusted during the calibration stage in
order to match actual measured runoff volumes and flows.

3.4.2 Hydraulic Data Required for EXTRAN

As noted in Section 3.1, the EXTRAN model was used to simulate the hydraulics
of the Cleveland Street Basin system. The input data required by EXTRAN
consists of the physical characteristics of the components of the conveyance
system, stormwater flows to the system from contributing subbasins and a
definition of flow conditions at the beginning of the simlulated event.

3.4.2.1 Link/Node Map

A Link/Node Map representing the existing primary drainage facilities in the
basin is shown in Figures 3-5W and 3-5E. This map was used as the basis for
all data input preparation, and indicates the links (conduits) which make up
the conveyance system and the nodes which occur at all stormwater inflow
points and at all junctions. In the development of the Link/Node Map, some
nodes were designated to receive the runoff contribution from more than one
subbasin and some minor feeder systems were represented with a single node.
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3.4.2.2 Physical Characteristics of System Components

For each 1ink and node in the system, data was input defining the length, size
and shape of all conduits, invert elevations at each node and the elevations
of conduits at each node relative to the node invert. Existing ground
elevations at all nodes were also defined. These elevations were taken from
the City's Draingae Atlas maps wherever such data was indicated. In those
instances where elevations at junctions were not shown on the atlas sheets,
they were determined from the SWFWMD contour maps.

3.4.2.3 Ambient Conditions

The hydrauiic computations performed by EXTRAN take into account existing
tailwater conditions, the volume of water stored in the system and any ambient
flows at the beginning of the modeled event. For the model runs made for the
Cleveland Street Basin, elevation +2.0 was input as the assumed water
elevation at the outfall and initial water depths were input at the downstream
nodes consistent with that assumed elevation. Ambient flows were all defined
as zero.

3.4.2.4 Inflow Hydrographs

In order to input the runoff hydrographs generated by HEC-1 into the EXTRAN
model, a special computer program was developed to convert the HEC-1 output
into a format which could be accepted by EXTRAN. HEC-1 flow hydrographs at
each input node were printed at three minute intervals for the simulation
period. HEC-1 output consisted of the input node number and the corresponding
tabulated flow hydrograph. To interface HEC-1 with EXTRAN it was necessary to
develop a program that would rearrange this output to reflect the tabulated
flows of all input nodes at each time step.

3.4.2.5 System Losses

Four types of energy losses were taken into account in the preparation of
input data for EXTRAN; friction losses, connection losses, entrance losses at
manholes and junctions and losses due to bends. Field observations of the age
and condition of existing facilities were made as a basis for evaluating the
appropriate '"n" values to be used for friction losses. These values were then
adjusted to account for losses anticipated due to connections, bends in the
system, manhole entrance conditions and obstructions, which typically occur in

urbanized storm sewer systems.

Losses associated with connections, bends and entrance conditions were
estimated using the procedures presented in "Water Supply and Pollution
Control", Clark Viessman and Hammer, 1971. For each link in the system an "n"
value representing friction, bend, connection and entrance losses was computed
usings Manning's Equation. These "n" values were then compared to the range
of "n" values presented in "Open Channel Hydraulics", Chow, 1959, for concrete
1ined conduit sewer systems. In most instances the estimated "n" values did

fall within the normal and maximum "n" value range presented by Chow for
straight systems. Consequently, the "n" value range presented by Chow were
deemed to be applicable to the Cleveland Street conduit system and were
generally used except when it was felt previous estimates justified slightly
greater values. Reference material for "n" value estimates are included in

Appendix A.
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During the calibration phase adjustments to the originailly estimated "n"
values for the Cleveland Street box culvert were required to gain calibration.
These greater "n" values were felt to be attributed to numerous utility
obstructions found to exist and a slightly rougher box floor.

3.4.2.6 Adjustments

Some adjustments to the 1input data were required to accommodate certain
limitations of the EXTRAN model. In 9instances where pipe size increased
within a 1ink, the pipe was input as one size. This was accomplished by
adjusting the length of the shorter pipe, keeping the "n" value constant, to a
length that would yield the same hydraulic losses as those that would occur in
the actual system. \
In some cases, the actual Tength between nodes could not be input because it
was too short. EXTRAN, which computes conditions in the system at specified
time steps, requires that each conduit in the system be of sufficient length
to satsify the equation "Maximum Time Step (in seconds) = L/ /gD " where
L = the length of the pipe in feet, D the depth of the pipe in feet and g is
the gravitational acceleration. Wherever it was necessary to jncrease pipe
lengths to satisfy this condition, an equivalent "n" value (the coefficient
for friction losses in the pipe) was computed and input in order to assure
that friction losses would not be distorted.

3.5 MODEL CALIBRATION

In order to verify the input data for the Cleveland Street Basin, a series of
steps was taken to confirm that the computer model was operating correctly and
that the results obtained from calibration runs of the model agreed with field
measured data.

3.5.1 Verification of EXTRAN Model

The initial step in the calibration process was to verify the EXTRAN model as
installed in the PBS&J system. This was accomplished by inputing a sample
problem with hydraulic conditions similar to those known to exist in the
Cleveland Street system and obtaining known, correct results. The sample
probiem used was a small system consisting of five conduits and a reservoir
having free outfall. The rainfall event used was sufficiently small so that
no surcharging occurred in the sample run. The time step used for this sim-
ulation was 20 seconds. The results obtained from this sample run were sat-
isfactory.

The second step taken to verify the model was to simulate a minor event in the
Cleveland Street system. The event chosen was one-half inch rainfall over a
one hour period. No tailwater conditions were input. When this event was
modeled using a ten second time step, it did not produce surcharging in the
system and no problems were encountered.

Next, the same event was simulated, but in this run tailwater conditions were
introduced by setting the existing water elevation at the outfall at elevation
+2.0 and specifying an ambient water depth for all nodes with invert
elevations lower than +2.0. As a result of this trial, it was found that the
EXTRAN program does not automatically compute initial water volumes in the
pipe system based on ambient depths. Consequently, the volume of water in the
system at the beginning of the event is not considered when the program
3-17
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calculates the overall mass continuity of the system (the volume of stormwater
entering, stored and leaving the system). However, a review of the simulation
results revealed that this minor inadequacy in the program's accounting
procedure did not affect the answers obtained for the Cleveland Street system.
The results of this run also revealed that, when modeling a system with large
conduits and appreciable ambient depths, minor instabilities can occur during
low flow conditions.

Finally, the model was tested using a one and one-half inch rainfall over a
one hour period. This event resulted in widespread surcharging throughout the
system and serious model instability. Based on review of the EXTRAN program
and discussions with Mr. Larry Rosener, one of the authors of EXTRAN, it was
determined that this instability was caused by the large number of nodes
surcharging simultaneously in the Cleveland Street system, the large conduit
sizes within the system and the iterative methodology used by the program
during surcharge.

One of the basic equations used by EXTRAN to compute heads and flows at each
time step during simulation of an event is the relationship of head
differential (Ah) to flow (Q) and the area of the water's surface (A ) at
each node; i.e., Ah & Q/A_. When conduits are flowing partially full, EXTRAN
computes the water surface area in each conduit and assigns half of this area
to the node at either end. However, during surcharge, when the hydraulic
profile is above the crown of the conduit, this surface area becomes zero and
the equation can no lenger be applied. When this condition occurs, EXTRAN
switches to a different set of equations which approximate the solution
through an iterative trial and error process in order to find a combination of
heads and flows at each node that will provide a continuity balance throughout
the entire system. This method is successful when applied to small systems,
but due to the large number of variables in the Cleveland Street Basin, EXTRAN
was unable to converge and yield accurate results.

In order to alleviate this problem and eliminate the need for the model to
solve by iteration, constant surface areas that function as small surge tanks
were introduced at each node. This allowed the program to continue to use the
basic equations. Initially the surface area input was 500 square feet at each
node. Through a trial process, these areas were ultimately reduced to a
minimum (as small as 50 square feet). A comparison of the results of the
program at low flows, with and without the storage areas, indicated that the
impact of introducing these areas was minimal in terms of simulated elevations
and flows.

3.5.2 Calibration of Hydrologic Input Data

Field measurements taken during two actual storm events were utiiized to
calibrate the hydrologic and hydraulic input data used for the Cleveland
Street Basin. The first of these events occurred on January 20, 1983, during
which 0.51 dinches of rain was recorded. The second event, on February 2,
1983, measured 1.7 inches. The hyetographs developed to represent rainfall
distribution during these two events are shown in Figures 3-6 and 3-7.

3.5.2.1 Precipitation Losses in Pervious Areas

Initially, the rainfall events used for calibration were simulated with the
HEC-1 model using a value of one-half inch for both the Ipitial Abstraction

3-18
REP20: E



]

9-£ 3yn9ld NOLLNAIMLSIO TIVINIVY
AN3A3 NOLLVYHEINYD €861°'02 NI
NISYE 13341S ANVYI3IATD

JNIL IV3y
wp]} wo Of ung wog wp/
o}
'O o
c
=
c
r
-]
0 o
<
m
2
o~ 2
€0 W
/=
E
F
- to £
\ m

90




S ——

Z-¢ FdNoId

NOLLNGIYLSIO TIVvINIYY
IN3AT NouvdelyDs €86l ‘2 'gaad

NISVE 13341S GNV13A3TO

WL V3N
won g um /) wns EUN\\\.\\\\\_._H.AVU
G0
/ o
7 N
I
02

(S3HONI) TIV4NIVY 3ALLY1NAND







3.5.2.2 Impervious Areas

As noted in the discussion of input parameters in Section 3.4.1.2, it became
apparent during calibration that the runoff contribution from indirectly
connected impervious areas was significantly different than that from directly
connected impervious areas. For the calibration events, using initial
abstraction and uniform Toss rate values presented in the previous section,
numerous simulation runs were made to determine the quantity of runoff
contribution from impervious areas. Results of these simulations revealed
that no runoff from the non-directly connected impervious areas appears to
have occurred.

Initially, directly connected impervious areas were input as contributing 100
percent of the rainfall which fell on them to the conveyance system. However,
even with no contribution from pervious and indirectly connected impervious
areas, the volume of runoff computed using all of the rainfall on directly
connected areas exceeded measured volumes. Calibration was achieved by
reducing the contribution of directly connected impervious areas to 85 percent
for roadways, driveways, parking lots, etc. and 80 percent for roof tops.
This sTightly 1lower percentage of contribution from roof tops takes into
account the effect of roof ponding.

3.5.3 Calibration of Hydraulic Input Data

Based on a cursory inspection of the age and condition of the conveyance
facilities in the Cleveland Street Basin, together with an analysis of the
anticipated effect of 1losses due to connections, bends and entrance
conditions, "n" values in the range from .015 to .017 were initially estimated
for the Cleveland Street box. However, a comparison of the simulated flows
and water surface elevations computed using these values to measured data
indicated that the actual effective "n" values were much higher. In order to
obtain calibration, values in the range from .020 to .025 were required.

Because these "n" values appeared extremely high, they caused some concern
about the accuracy of the field measurements against which the simulated
results were being calibrated. In order to ascertain whether such values were
realistic, the box culvert was field inspected from Clark Avenue to Occident
Street, a distance of approximately one mile. In this reach, 18 utility
conflicts ranging from 6 inches to 18 inches in diameter were observed. While
the side walls and top of the box were found to be relatively smooth and in
good condition, the floor of the box was observed to be quite rough in tex-
ture. Some minor factors which increased friction within the culvert, such as
roughness at construction joints, tie rods extending into the box and bar-
nacles on the sidewalls in tidal areas were also observed. In addition, silt
up to one foot in depth was found in the area between Westshore and Occident.
An analysis made of the probable effect of the obstructions in the box culvert
and the roughness of the box floor indicated that, given the conditions ob-
served, an effective "n" value of .022 was reasonable.

3=-22
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3.5.4 Calibration Results

Comparisons of the simulated and measured flows and elevations at the gauging
site (located at the intersection of Cleveland Street and Clark Avenue) for
the February 2nd event are presented in Figures 3-8 and 3-9, respectively.
Figures 3-10 and 3-11 present similar comparisons at the same location for the
event which occurred on January 20.

As can be observed, the simulated runoff volumes, peak flows and times of
concentration (the point in time when peak flows occurred) are reasonably
close to the measured data for these events. The apparent differences between
simulated and measured results were felt to occur primarily because only the
major facilities (generally, 36 inches or larger) in the system were modeled,
the uniformity of rainfall throughout the basin assumed by the model is ques-
tionable for the actual event and because of the Jlimitations of the model
itself. Considering these factors, the input parameters derived through the
calibration process were deemed to represent, within an acceptable degree of
accuracy, the hydrolegic and hydraulic conditions existing in the Cleveland
Street Basin and to be suitable for use in the evaluation of proposed alter-
native solutions.

3-23
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Section 4

ANALYSIS OF SYSTEM ALTERNATIVES

4.1 PROBLEM AREAS

Predicated on the historical records of flooding in the Cleveland Street Basin
and the areas of most severe flooding identified by the computer model, five
problem areas were established as the basis for developing proposed alter-
native system improvements. These five areas were:

°Problem Area No. 1: The area north and south of Cleveland Street from
Azeele to Kennedy Boulevard between the western
boundary of the basin and Manhattan Avenue.

°Problem Area No. 2: The area within the Cleveland Street Basin lying
' south of Kennedy Boulevard and east of Himes
Avenuye,
°Problem Area No. 3: The areas just north and south of Cleveland Street
between Manhattan and Church Avenues.
°Problem Area No. 4: The area within the Cleveland Street Basin 1ying
north of Kennedy Boulevard and east of Himes
Avenue.
°Probilem Area No. 5: The area north of problem area No. 1 between

Kennedy Boulevard and I-275 from the northward
extension of Occident to Manhattan Avenue,

Figure 4-1 displays the approximate locations of these areas.
4.2 SYSTEM IMPROVEMENT TYPES AVAILABLE

Four types of system improvements appeared to be available to alleviate the
severe flooding occurring within the basin. Those considered included:

e New conveyance facilities, paralleling or replacing the existing
system.

Detention facilities.

A separate outfall for the system which serves the Westshore shop-
ping center and surrounding area.

Improvement of flow conditions in the existing system by reducing
friction losses and eliminating obstructions.

0f these, new conveyance facilities and detention facilities are the only
improvement types which have the potential to effectively eliminate flooding
throughout the basin during a design storm event. However, the separate
outfall for Westshore and improvement of the flow conditions in the existing
system both provide significant relief with relatively minor cost. For that

REP20:H 4-1
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reason, a series of alternative solutions utilizing combinations of the four
improvement types available were identified, analyzed with the computer model
and assessed in terms of water quality impact and cost.

4.3 ALTERNATIVES CONSIDERED

Altogether, twelve system improvement alternatives were analyzed. These
alternatives were developed by applying the four improvement types discussed
above to the five problem areas which had been identified. They represent a
spectrum of possible solutions which range from minor improvements that will
reduce, but not eliminate, flooding in any problem area to major improvements
needed to eliminate ail flooding within the Cleveland Street Basin during a
design storm event.

Alternative No. 1, shown in Figure 4-2, consists of a complete new closed
conduit system paralleling the existing system. This alternative would
eliminate fiooding throughout the basin, but was the most costly alternative
considered,

Alternative No. 2, presented in Figure 4-3, would also eliminate flooding
throughout the basin. This solution is comprised of a system of detention
basins with secondary, Tocalized pipe improvements.

Alternative No. 3 was analyzed to determine the benefit that could be derived
from improving flow conditions in the existing box culvert in Cleveland Street
by 1ining the floor of the box and eliminating obstructions. In this
alternative, no other improvements were considered. The computer model run of
Alternative No. 3 indicated that only minor reduction in flooding would result
from implementation of this improvement alone.

Alternative No. 4, shown in Figure 4-4, combined improvement of the Cleveland
Street box flow conditions with the construction of a new, separate outfall
for the Westshore area. This alternative would eliminate flooding in Problem
Area 1, but would have 1ittle impact elsewhere in the basin.

Alternative No. 5, presented in Figure 4-5, dincludes the new Westshore
outfall, improvement of the Cleveland Street box flow conditions and detention
facilities with minor pipe improvements east of Himes Avenue. This alterna-
tive would eliminate flooding in Probiem Areas 1, 2 and 4.

Alternative No. 6 is depicted in Figure 4-6. It is similar to Alternative No.
5 except that no improvements are provided in the area north of Kennedy
Boulevard, east of Himes Avenue. These improvements would eliminate flooding
in Problem Areas 1 and 2.

Alternative No. 7, shown in Figure 4-7, included a new Westshore outfall,
improvement of flow conditions in the existing box culvert and detention
faciities in the area south of Kennedy Boulevard, east of Himes Avenue and in
the vicinity of Cleveland Street and Grady Avenue. This alternative would
eliminate flooding in Problem Areas 1, 2 and 3.

REP20:H 4-3
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Alternative No. 8, shown in Figure 4-8, also would eliminate flooding in
Problem Areas 1, 2 and 3. This alternative consists of a new Westshore out-
fall, improvement of flow conditions in the Cleveland Street box, detention
facilities south of Kennedy Boulevard, east of Himes Avenue and a new box
culvert, paralleling the Cleveland Street box along Azeele Street from Clark
Avenue west to the existing outfall,

Alternative No. 9 is presented in Figure 4-9. The improvements considered in
this alternative include the new Westshore outfall, improved conditions in the
Cleveland Street box and detention facilities north and south of Kennedy
Boulevard, east of Himes Avenue, and in the vicinity of the intersection of
Cleveland Street and Grady Avenue. Implementation of this alternative would
eliminate flooding in all Problem Areas except Problem Area 5.

Alternative No. 10, shown in Figure 4-10, includes all the improvements in
Alternative No. 9 except the new Westshore outfall. The results of the
computer model for this alternative indicate that, without the Westshore
outfall, flooding will occur in Problem Area 1 as well as minor flooding in
Problem Area 3.

Alternative No. 11 is identical to Alternative No. 10 with the exception that
it does not include improving flow conditions in the Cleveland Street box
culvert. With this alternative, significant flooding would occur in Problem
Areas 1 and 3. This alternative demonstrates that the flooding in Problem
Area 1 can only be solved either by providing storage in the immediate
vicinity or by conveyance improvements to the Cleveland Street box and the
separate Westshore outfall.

Alternative No. 12, shown in Figure 4-11, includes the new Westshore cutfall,
improved flow conditions in the existing Cleveland Street box culvert and
detention facilities north and south of Kennedy Boulevard, east of Himes
Avenue, in the vicinity of the intersection of Cleveland Street and Grady
Avenue and in the Westshore area. This alternative would eliminate flooding
in all five problem areas. ‘

4.4 MODELING OF CONTROL ALTERNATIVES

A11 twelve alternatives cited in Section 4.3 were analyzed with the computer
model. Input parameters used during these model runs were those established
during calibration. Each alternative was modeled using the design storm (five
year recurrence frequency) event.

The criteria adopted for evaluating the effectiveness of each alternative in
eliminating flooding was the volume of overflow from nodes within the system
during surcharge and the duration of surcharge. The maximum acceptable volume
of overflow at any point in the system was one acre-foot of stormwater. In
nearly all areas the volume of overflow was maintained at less than 5,000
cubic feet and overflow durations were generally less than ten minutes.

REP20:H 4-10
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4.5 WATER QUALITY ASSESSMENT
4.5.1 Peak Flows

Table 4-1 1lists and summarizes the wvarious alternatives, starting with
Alterpative 0, which is the "no action" plan. The table shows the the
computed peak outflow rates and the respective percentages of the "base" or
"no action" figures. Also, the table indicates which priority areas (1
through 5) are predicted to underge significant flood control improvement
under each alternative.

Since the rainfall and land use characteristics are the same in all cases, the
total volume of water leaving the system for the various alternatives should
be very similar. This volume is approximately 5.9 million cubic feet during
the design storm event,

4.5,2 Detention Times and Pollutant Load Reductions

The pollutant 1Toad resulting from each alternative is affected (to some
degree) by the extent of detention storage provided. The alterpatives differ
in the size, location and number of detention basins. In a typical subarea,
the peak flow is in the range of 100 to 200 cubic feet per second (cfs). Most
detention basins have volumes ranging from half a million to a million cubic
feet. Thus, the detention times are estimated to be between 1 and 4 hours.

The stormwater study, entitled "Study and Assessment of the Capabilities and
Cost of Technology of Contrel of Pollutant Discharges from Urban Runoff",
conducted by the MNatjonal Commission on Water Quality in 1975 reports
poliutant load reductions for various detention times. For the range of 1 - 4
hours, a 30 percent reduction in BOD suspended solids, nitrogen and phosporus
appears reasconable.

Since Alternative 2 provides detention ponds throughout the Cleveland Street
Basin, a 30 percent poliutant load reduction is estimated relative to the "no
action" condition. Alternatives 5, 9, 10 and 11 each provide 5 or 6 detention
basins, thus providing detention for approximately 50 percent of the flow.
For these, a reduction of 15 percent (i.e., half of the 30 percent above) is
estimated. Alternatives 6, 7 and 8 each provide 3 or 4 detention basins, or
detention of approximately one-third of the flow. An overall removal rate of
10 percent is estimated for these alternatives. Alternative 12 provides
detention for approximately 60 percent of the flow and would therefore result
in an estimated removal rate of 18 percent. Table 4-2 displays the estimated
runoff pollutant loads for the various alternatives considered.

4.5.3 Shock Leading

The alternatives not only differ in their total pollutant toads depending on
the use of detention, but also in the distribution of the pollutant load over
the duration of the storm. Generally, the higher the peak flow and peak
loading rate, the more adverse would be the impact on the receiving lagoon.

The degree of usage of in-system detention storage has a great impact on peak

flow, as can be seen by comparing the peak flows of two of the most effective
alterpatives in terms of reduced flooding:

4-15



TABLE 4-1

COMPARISON OF COMPUTED PEAK FLOWS AND FLOCDING a
IMPROVEMENTS FOR VARIOUS ALTERNATIVES DURING THE DESIGN STORM

SIGNIFICANT IMPROVEMENTS

ALTERNATIVE COMPUTED PEAK RATE IN PROBLEM AREAS
Flow % of
No. Description (cfs) Base 1 2 3 4 5
0 Base condition {No action) 567 100
1 Closed conduit system 1,615 285 X X X X X
2 Primary storage Improvements 526 93 X X X X X
with some pipe improvements
3 Improved flow conditions for 652 115
Cleveland Street box culvert
4 Improved flow conditions for 906 160 X
Cleveland Street box culvert {combined)
and separate outfall for
Westshore area
5 Same as Alternative 4, plus 907 160 X X X
improvements from Aliernative {combined)
2 locateld east of Himes
6 Same as Alternative 5, plus 906 160 X X
improvements south of Kennedy
Boulevard
7 Same as Alternative 6 pius 906 160 X X X
storage at Grady and Cleveland (combined)
from Alternative 2
8 Same as Alternative 6 plus 1,067 188 X X X
parallel outfall along Azeele (combined)
Street (from Clark Street to
existing outfall)
g Same as Alternative 5 plus 849 150 X X X X
storage at Grady and Cleveland
from Alternative 2
REP20:R1
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ALTERNATIVE

No. Description

TABLE 4-1 (Continued)

COMPUTED PEAK RATE

SIGNIFICANT IMPROVEMENTS
IN PROBLEM AREAS

1 2 3 4 5

10 Same as Alternative 9, but
without Westshore outfall

11  Same as Alternative 10, but
without improvements to
Cleveland Street hox flow
conditions

12 Same as Alternative 9 plus
detention storage in West-
shore area.

Flow % of
(cfs) Base
652 115
570 101
830 146

O° (X)) X

Xy Xy Xy O

Design storm is a once in b-year frequency, 1.5 hour duration event, with total

rainfall of 3.3 inches.

Parentheses indicate some improvements but not as significant as those from previous

alternatives.

REP20: R2
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ESTIMATED RUNOFF POLLUTANT LOADS FROM
! THE CLEVELAND STREET BASIN FOR THE VARIOUS
/// ALTERNATIVES CONSIDERED

YEARLY RUNOFF POLLUTANT LOADS, LBS.

ALTERNATIVE SUSPENDED BOD TOTAL TOTAL
NUMBER SOLIDS NITROGEN PHOSPHORUS

1, 3, 4 287,705 23,632 4,535 434

6, 7, 8 258,935 21,269 4,081 391

5, 9, 10, 11 244,549 20,087 3,854 369

12 235,918 19,378 3,719 356

2 201,393 16,542 3,174 304
REP20: K



@ Alternative 1: closed conduit systems (peak flow 285 percent of

"base" peak)
° Alternative 2: primary storage improvements with some pipe
improvements (peak flow 93 percent of "base" peak)

If other factors (e.g., cost) were equal, Alternative 2 would be preferable to
1 from a water quality "shock loading" standpoint.

Alternatives 5 through 9 may be grouped in a "moderately effective'" group,
since they all alleviate flooding in some problem areas, but not in atl. 1In
this group, the range of percentage of peak flow to the base is fairly narrow,
150 to 188. Thus, the impact of these alternatives lies between that of
alternatives 1 and 2, discussed above.

Alternative 12 effectively alleviates flooding in the problem areas. The
percentage of peak flow to the base in 146. Thus, the shock load impact of
this alternative is s1ightly better than the "moderately effective" group.

Alternatives 3, 10 and 11 have a very moderate impact in terms of shock
loading, just slightly greater than that for Alternative 2. However, these
three alternatives offer less improvement in flooding.

For the alternatives which include detention ponds, a reduction in total
pollutant loads can be expected and should partially offset any increase in
the peak pollutant loading rate to Neptune Lagoon. Also, because ambient
water quality in the existing lagoon appears to be poor, any short term
reductions in salinity due to increased peak flow rates should not degrade
existing water quality.

4.5.4 Summary of Water Quality Evaluation

From a water quality standpoint, Alternative 2 would be preferred. In
addition to alleviating flooding in all priority areas, it would reduce the
peak outflow rate from that in the '"no action" plan. It would also reduce
pollutant loading by approximately 30 percent from the "no action" ptan.
Alternative 2 would be favored if the necessary land for all the detention
basins could be obtained at a reasonable cost.

Alternatives 5 through 12 4involve detention basins. Of these, 10 and 1l
result in very moderate peak flow increases over the "no action" alternative,
but they do not result in as much improvement in flood reduction as others in
the group. Of the other solutions considered, alternative 12 has the smallest
increase in peak flow and flood control benefits to the largest number of
priority areas. Its reduction in pollutant load relative to the "no action"
plan is estimated at 18 percent. Alternative 12 would be a good second choice
after Alternative 2 in terms of water quality impact.
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4.6 EVALUATION OF ALTERNATIVES

The evaluation of the twelve alternatives considered and selection of the
preferred alternative were based on three major factors; cost, water quality
impact and performance.

Order of magnitude cost estimates were prepared for each alternative. These
estimates included anticipated right-of-way costs based on current land value
guidelines provided by the City of Tampa Right-of-Way Division, projected
costs for the installation of new facilities and, where appropriate, the cost
of restoring roadway facilities which would be affected by the construction of
proposed drainage improvements. These order of magnitude estimates are
summarized in Table 4-3.

The comparative water quality impacts of the twelve alternatives considered
were as discussed in Section 4.5.

The basis used for evaluating the performance of each alternative was its
impact on flooding in each of the five problem areas ijdentified. These
impacts were discussed in Section 4.3 and are summarized, together with costs
and water quality impacts in the matrix presented in Table 4-4.

A1l twelve alternatives analyzed were considered to be feasible from the
standpoint of constructability. With the exception of Alternative No. 3
(improvement of flow conditions in the Cleveland Street box culvert), the
impiementation of each alternative necessarily involves some negative impacts.
These range from disruption of traffic during the dinstallation of new
conveyance facilities to the possibility of condemnation and relocation in
order to obtain and construct stormwater detention sites. Since the
evaluation of these factors is not simply a matter of engineering judgement,
it is recommended that the weight given to these factors be determined by
officials of the City of Tampa with whatever technical! input they may require
from PBS&J.
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TABLE 4-3

SUMMARY OF ALTERNATE IMPROVEMENT ESTIMATES

RETENTION
ALT. PIPING LAND POND BOX TOTAL
NO. COST ACQUISITION COST CONSTRUCTION IMPROVEMENT COST
1 $21,538,000 -- -= -- $21,538,000
2 $ 2,948,000 $7,555,000 $628,000 -- $11,131,000
3 -- $ 121,000 -- $667,000 $ 788,000
4 $ 595,000 $ 231,000 -- $667,000 $ 1,493,000
5 $ 1,959,000 $4,121,000 $303,000 $667,000 $ 7,050,000
6 $ 1,033,000 $2,208,000 $163,000 $667,000 $ 4,071,000
7 $ 1,033,000 $3,391,000 $290,000 $667,000 $ 5,381,000
8 $ 4,543,000 $2,208,000 $164,000 $667,000 $ 7,582,000
9 $ 1,959,000 $5,304,000 $430,000 $667,000 $ 8,360,000
10 $ 1,364,000 $5,194,000 $430,000 $667,000 $ 7,655,000
11 $ 1,364,000 $5,073,000 $430,000 - $ 6,867,000
12 $ 3,195,000 $5,930,000 $478,000 $667,000 $10,270,000
NOTE: A1l estimates are based on May, 1983 prices.
REP20:J1
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TABLE 4-4

SUMMARY OF EVALUATION CRITERIA

Water Quality Performance
Alternative Estimated Impacts (Problem Areas
Number Costs {(at outfall) Eliminated)
1 $21,538,000 Increases short term loading Al
2 $11,131,000 30% reduction in pollutant loading A1l
3 $ 788,000 No impact None. Minor
reduction in
- 1l and 3
4 $ 1,493,000 Increases short term loading 1
5 $ 7,050,000 15% reduction in pollutant loading 1, 2 & 4
6 $ 4,071,000 10% reduction in pollutant loading 1 & 2
7 $ 5,381,000 10% reduction in pollutant loading 1, 2 & 3
8 $ 7,582,000 10% reduction in pollutant loading 1, 2 & 3
9 $ 8,360,000 15% reduction in pellutant loading 1, 2, 3 & 4
10 $ 7,655,000 15% reduction in pollutant loading 2 & 4 minor
flooding in 3
11 $ 6,867,000 15% reduction in pollutart loading 2 & 4
12 $10,270,000 18% reduction in pollutant toading A1}

REP20:H
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 SELECTION OF THE PREFERRED ALTERNATIVE

As can be seen from a review of Table 4-4, only three of the schemes
considered, Alterpatives 1, 2 and 12, provide relief from flooding in all five
problem areas. Of these, Alternative No. 1 was by far the most expensive with
an estimated cost of $21,500,000, almost twice as costly as the next highest
solution. In addition, Alternative No. 1 results in the most adverse water
quality impacts of any of the candidate solutions. Alterpative No. 2 is
equally effective in eliminating existing flooding problems, and has the most
favorable impact on water quality. It does not, however, utilize two
improvement types (improvement of flow conditions in the Cleveland Street box
and a separate outfall for Westshore) which provide significant benefits at
relatively low cost.

Alternative No. 12, through inclusion of these improvement types, provides
relief from flooding in all five problem areas at the least cost. Because
this solution includes the new Westshore outfall, the water quality impact
resulting from its implementation would not be quite as positive as that for
Alternative No. 2, but would compare favorably with the existing system. This
alternative also lends itself well to a phased program for implementation.
For these reasons, Alternative No. 12 is recommended as the preferred
alternative for solution of the existing flooding problems in the Cleveland
Street Basin. The physical improvements associated with the preferred
alternative are presented in Figures 5-1W and 5-1E.

5.2 DER RESPONSE

A subsequent meeting with the DER was held to discuss permitting requirements,
possible constraints and overall acceptability of the preferred solution.
Pertinent points made during this meeting are indicated below.

° Regardless which alterpative is finally selected the total volume of
runoff draining to 01d Tampa Bay will be the same for all
alterpatives since no change in land use 1is expected nor total
retention proposed within the basin.

Alterpatives that include detention facilities would be preferred
over alternatives that do not include detention facilities.

The DER does not have jurisdiction over the conveyance systems
within the basin. Their jurisdiction and primary concern is at the
outfall, Neptune Lagoon.

5-1
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It was indicated to DER that where economically practical the
preferred alternative does utilize detention facilities to alleviate
flooding and reduce total pollutant loads to Neptune Lagoon.

o The structural dimprovements at the existing outfall (Westshore
relief line) would require a joint Dredge and Fi11 and Notice of
Stormwater Discharge permit. The DER did not seem overly concerned
with this improvement. It was indicated to them that although the
"shock load" would be increased the total pollutant load would be
decreased because the preferred alternative does include numerous
detention facilities. A suggestion that the DER made was to create
a shallow natural 'wetland at the new outfall. This could be
accomplished by terminating the new outfall just south of Azeele
Street and excavating a shallow area that could be planted with
wetland vegetation to connect the new outfall to Neptune Lagoon.

The preferred alternative improvements does not exempt development
or redevelopment projects from meeting DER Notice of Stormwater
Discharge requirements.

The water guality evaluation was sufficient to "weigh" the potential
effects of the various improvements.

In summary, the DER was pleased to find that the preferred alternative did
include numerous detention facilities throughout the basin and preliminary
indications were that the improvements proposed in the preferred alternative
would be permitable activities.

5.3 FINANICAL REQUIREMENTS AND PHASING

A four stép phasing plan for implementation of the preferred alterpative,
indicating the proposed improvements and associated costs for each phase, is
presented in Table 5-1.

Land acquisition represents a substantial portion of the overall cost to
implement the plan and will be a critical element in the schedule for
completing the improvement program. It is therefore recommended that design
of the system, in sufficient detail to clearly delineate the areas required
for detention, and actual land acquisition be budgeted and initiated as the
first step in the process. No inflation factor has been included in the cost
estimates presented in this report and it is reasonable to assume that early
acquisition will also result in Tower land costs.

5-4
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DEVELOPMENT OF UNIFORM FLOW AND ITS FORMULAS 101

for n between 0.011 and 0.040. For practical purposes, the following
spproximate forms of Eq. (5-9) are generally suggested for use:

y=15+n forR<10m (5-10)
y=13+71 forR>10m (5-11)

6-7. Determination of Manning’s Roughness Coefficient. In applying
the Mapning formula or the G. K. formula, the greatest difficulty lies
in the determination of the roughness coefficient n; for there is no exact
method of selecting the = value. At the present stage of knowledge, to
gelect & value of = actually means to estimate the resistance to flow in a
given channel, which is really a matter of intangibles. To veteran
engineers, this means the exercise of sound engineering judgment and
experience; for beginners, it can be no more than a guess, and difierent
individuals will ebtain different results.

In order to give guidance in the proper determipation of the roughness
coefficient, four general approaches will be discussed; namely, (1) to
understand the factors that affect the value of » and thus to acquire a
basic knowledge of the problem and narrow the wide range of guesswork,
(2) to consult a table of typical n values for channels of various types,
(3) to examine and become acquainted with the appearance of some
typical channels whose roughness coefficients are known, end (4) to
determine the value of n by an analytical procedure based on the theoreti-
cal velocity distribution in the chanpel cross section and on the data of
either velocity or roughness measurement. The first three approaches
will be given in the next three articles, and the fourth approach will be
taken up in Art. 8-7.

6-8. Factors Affecting Manning’s Roughness Coefficient. It is not
uncommon for engineers to think of a channel as having a single value of
n for all occasions. In reality, the value of » is highly variable and
depends on & number of factors. In selecting a proper value of n for
various design conditions, a basic knowledge of these factors should be
found very useful. The factors that exert the greatest influence upon the
coefficient of roughness in both artificial and natural channels are there-
fOl_'e described below. Tt should be noted that these factors are to a cer-
tain extent interdependent; hence discussion about one factor may be
Tepeated in ¢onnection with another,

_ A. Surface Roughness. The surface roughness is represented by the
Bize and shape of the grains of the material forming the wetted perimeter
8nd producing o retarding effect on the flow, This is often considered
Fhe only factor in selecting a roughness coefficient, but it is actually
Just one of severnl mojor factors. Generally speaking, fine grains result
1n a relatively low value of n and coarse grains, in a high value of n.

In alluvial streams where the miaterial is fine in grain, such as sand,
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clay, loam, or silt, the retarding eflect is much less than where the materia]
. is coarse, such as gravels or boulders. When the mealerial is fine, the
value of n is low and relatively unaffected by change in flow stage. TWhen
the material consists of gravels and boulders, the value of » is generally
high, partienlarly at low or high stage. Larger boulders usually coliect
at the bottom of the stream, making the channel bottom rougher than the
banks end increasing the value of n at low stages. At high stages, a
portion of the energy of flow is used in rolling the boulders downstream,
thus increasing the value of n. A theoretical discussion of surface rough-
ness will be given in Art. 8-2. ,

B. Vegelalion. Vegetation may be regarded as a kind of surface
roughness, but it also markedly reduces the capacity of the channel and
retards the flow., This effect depends mainly on height, density, distri-
bution, and type of vegetation, and it is very imporiant in designing
small drainage channels, '

At the University of Illinois an investigation hes been made to deter-
mine the effeel of vegetation on the coefficient of roughness [22). On one
of the drainage ditches in central Illinois under investigation, an average
n value of 0.033 was measured in March, 1925, when the channel was in
good condilion. In April, 1926, there were bushy willows and dry weeds
on the side slopes, eand n was found to be 0.055. This increase in n
represents the result of one year’s growth of vegetation. During the
summers of 1925 and 1926 tbere was a thick prowth of cattails on the
bottom of the channel. The » value al medium summer stages was
about 0.115, and at & nearly bankfull stage it was 0.099. The cattails
in the channel were washed out by the high water in Seplember, 1926; the
average value of 7 found after this occurrence was 0.072. Tbe conclusions
drawn from this investigation were, in part, as foliows:

1. The minimum value of n that should be used for decsigning drainage
ditches in central Ilinois is 0.040. This value is obiainable at high
stages during the summer months in the most carefully maintained chan-
nels, where the botiom of the channel is clear of vegetation and the side
slopes are covered with grass or low weeds, but no bushes. This low
value of n should not be used unless the channel is to be cleared annually
of all weeds and bushes.

2. A value of n = 0.050 should be used if the channel is {o be cleared
in alterpate years only. Large weeds and bushy willows from 3 to 4 {t
high on the side slopes will produce this value of n.

3. In chennels that are not cleared for 2 number of years, the growtb
may become so abundant that values of n > 0.100 may be found.

4, Trees from 6 to 8 in. in diameter growing on the side slopes do not
jmpede the flow so0 much as do small bushy growths, provided overhang-
ing branches are cut off.

A-3
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The U.S. Soil Conservation Service has made studies on flow of water
in small shallow channels protected by vegetative linings (Chap. 7,
Sec. C). It was found that n values for these channels varied with the
shape and cross section of the channel, the slope of the channel bed, and
the depth of flow. Comparing two channels, all other factors being equal,
the lesser average depth gives the higher n value, owing to a larger
proportion of affected vegetation. Thus, a triangular channel has a
higher n value than a trapezoidal channel, and a wide channel has a
lower n value than a narrow channel. A flow of sufficient depth tends to
bend over and submerge the vegetation and to produce low n values. A
steep slope causes greater velocity, greater flattening of the vegetation,
and low n» values.

The effect, of vegetation on flood plains will be discussed later in item H.

€. Channel Irregularity. Channel irregularity comprises irregularities
in wetted perimeter and variations in cross section, size, and shape along
the channel length. In natural channels, such irregularities are usually
introduced by the presence of sand bars, sand waves, ridges and depres-
sions, and holes and humps on the channel bed. These irregularities
definitely introduee roughness in addition to that caused by surface
roughness and other factors. Generally speaking, a gradual and uniform
change in cross section, size, and shape will not appreciably affect the
value of n, but abrupt changes or alternation of small and Iarge sections
necessitates the use of a large value of n. In this case, the incrense in n
may be 0.005 or more. Changes that cause sinuous flow from side to
side of the channel will'produce the same effect. '

D. Channel Alignment. Smooth curvature with large radius will give
& relatively low value of n, whereas sharp curvature with severe meander-
ing will incrense n. On the basis of flume tests, Scobey [23] suggested
that the value of » be increased 0.001 for each 20 degrees of curvature in
100 ft of channel. Although it is doubtful whether curvature ever
increases n more than 0.002 or 0.003, its effect should not be ignored, for
Curvature may induce the accumulation of drift and thus indirectly
Increase the value of n. Generally speaking, the increase of roughness
I unlined channels carrying water at low velocities is negligible. An
lncrease of 0.002 in n value would constitute an adequate allownnce for
curve losses in most flumes containing pronounced curvatures, whether
built of éoncrete or other materials. The meandering of natural streams,
however, may increase the n value as high 2s 309%.

E. Silting and Scouring. Generally speaking, silting may change a
very irregular channel into a comparatively uniform one and decraase n,
®hereas scouring may do the reverse and increase 5. However, the
dominant effect of gilting will depend on the nature of the material
deposited. Uneven deposita such as sand bars and sand waves are

A-4
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channel irregularities and will increase the roughness. The amount and
uniformity of scouring will depend on the material forming the wetted
perimeter. Thus, a sandy or gravelly bed will be eroded more uniformly
than a clay bed. The deposition of silt eroded from the uplands will
tend to even out the irregularities in a channel dredged through clay.
The energy used in eroding and carrying the material in suspension or
rolling it along the bed will also increase the n value. The effect of
scouring is not significant as long as the erasion on channel bed caused by
high velocities is progressing evenly and uniformly.

F. Obstruclion. The presence of log jams, bridge piers, and the like
tends to increase n. The amount of increase depends on the nature of
the obstructions, their size, shape, number, and distribution.

G. Size and Shape of Channel. There is no definite evidence about
the size and shape of a channel as an important factor affecting the value
of n. An increase in hydraulic radius may either increase or decrease n,
depending on the condition of the channel {(Fig. 5-4).

H. Stoge and Discharge. The n value in most streams decreases with
increase in stage and in discharge. When the water is shallow, the
irregularities of the channel bettom are exposed and their effects become
pronounced. However, the n value may be large at high stages if th
banks are rough and grassy. :

When the discharge is too high, the stream may overfiow its banks and
a portion of the flow will be along the flood plain. The n value of the
flood plains is generally larger than that of the channel proper, and its
magnitude depends on the surface condition or vegetation. Ii the bed
and banks of a channe! are equally smooth and regular aud tbe bottom
slope is uniform, the value of » may remain almost the same at all stages;
so a constant » is usnally assumed in the flow computation. This
happens mostly in artificial channels. On flood plains the value of =
usually wvarjes with the stage of submergence of the vegetation at low
stages. This can be seen, for example, from Table 34, which shows the
n values for various flood stages according to the type of cover and depth

TasLe 5-4. VALUES oF n FoR Vimious ETacEs I8 THE Nisuxanorna Riven,
lowa, roR THE AVERAGE GROWING SEAsSON

Flood-plain cover

Depth of Channel
water, ft seclion Corn Pasture | Meadow Sm_nll Brush and

grains waste
Under 1 0.03 0.06 0.05 0.10 0.10 0.12
l1to2 0.03 0.06 0.05 0.08 0.09 0.11
2103 0.03 0.07 0.04 0.07 0.08 0.10
3to 4 0.03 0.07 0.04 .06 0.07 0.09
Over 4 0.03 0.06 0.04 0.05 0.06 0.08
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of inundation, as observed in the Nishnabotna River, Iows, for the aver-
age growing season [24]. It should be noted, however, that vegetation
hos & marked effect only up to a certain stage and that the roughness
coefficient can be considered to remain constant for practical purposes in
determining overbank flood discharges.

1 ) 1
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F16. 5-4. Variations of the n value with the mean stage or depth;

Curves of n value versus stage (Fig. 54) in streams have been given
by Lane [25), showing how value of n varies with stage in threé large
river channels, For the roughness of large canals, & study in connection
with the design of the Pdpama Canal was made by Meyers and Schultz
[26).! The two most important conelusions reached from this study were
(1) that the n value for a river channel is least when the stage is at or
Somewhat sbove normal bankf{ull stage, and tends to increase for both

! A table of r values for eleven large channels at the most efficient depths and the
curven showing the variations of n value with hydraulic radius in cight river chaonels
are also given in this referenca,
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higher and lower stages; and (2) that the bankfull n values do not vary
greatly for ~vers and canals in different kinds of material and in widely
separated 'ncriions.

For circuiar conduits, Camp [27,28] was able to show that the n valye
for & conduit flowing partially full is greater than that for a full conduit,
Using measurements on clean sewer pipe and drain tile, both clay ang
concrele, from 4 to 12 in. in size, he found an increase of aboutl 24% in the
. value nt the half-depth (Fig. 6-5).Y The n value for the pipe flowing
full was found to vary from 0.0095 to0 0.011. Taking an average value of
0.0103, the n value at half-depth should be about 0.013. This is identical
with the usual design value, which is based largely on measured values in
sewers flowing partially full.

I. Seasonal Change. Owing to the seasonal growth of aquatic plants,
grass, weeds, willow, and trees in the channel or on the banks, the value
of » may increase in the growing season and diminish in the dormant
season. This seasonal change may cause changes in other factors.

J. Suspended Material and Bed Load. The suspended material and
the bed load, whether moving or not moving, would eonsume energy and
cause head loss or increase the apparent channel roughness.

All the above factors should be studied and evaluated with respect to
conditions regarding type of channel, state of flow, degree of maintenance,
and other related considerations. They provide a basis for determining
the proper value of = for a given problem. As a general guide to judg-
ment, it may be accepted that conditions tending to induce turbulence
and cause retardance will increase n value and that those tending to reduce
turbulence and retardance will decrease n value.

Recognizing several primary factors affecting the roughness coefficient,
Cowan [32] developed a procedure for estimating the value of n. By this
procedure, the value of n may be computed by

n={no+m+nt+n+ ﬂl)ma (5-12)

where n, is 2 basic n value for a straight, uniform, smooth channel in the
natural materials involved, n; is a value added to n, to correct for the
eflect of surface irregularities, n, is & value for variations in shape and
size of the channel cross section, n, is & value for obstructions, n, is 8
value for vegetation and flow conditions, and m; is a correction factor
for meandering of channel. Proper values of ny to n, and m; may be
selected from Table 5-5 according to the given conditions.

} TLz 1 /ne curve was based on mensurementa by Wilcox [28] on 8-in. clay and con-
crete sewer pipes and by Yernell and Woodward [30]) oo open-butt-joint concrete
and clay drain tiles 4 to 12 in. in size. For depths less than sbout 0.15d,, the
curve was verified by the data of Johnson [31] for large pewers.
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In selecting the value of n,, the degree of irregularity is considered
smooth for surfaces comparable to the best attainable for the materials
involved; minor for good dredged channels, slightly eroded or scoured
side slopes of canals or drainage channels; moderate for fair to poor dredged
channels, moderately sloughed or eroded side stopes of canals'or drainage
channels; end severe for badly sloughed banks of natural streams, badly
eroded or sloughed sides of canzls or drainage channels, and unshaped,
jagged, and irregular surfaces of channels excavated in rock.

In selecting the value of 7., the character of variations in size and
shape of cross section is considered gradual when the change in size or
shape occurs gradually, ellernating occasionally when large and small
sections alternate occasionally or when shape changes cause occasional
shifting of mein flow from side to side, and alternaling frequenily when
large and small sections alternate frequently or when shape changes
cause frequent shifting of main flow from side to side.

The selection of the value of n, is based on the presence and character-
isties of obstructions such as debris deposits, stumps, exposed roots,
boulders, 2nd fallen and lodged logs. One should recall that conditions
considered in other steps must not be reevaluated or double-counted in
this selection. In judging the relative effect of obstructions, consider
the following: the extent to which the obstructions occupy or reduce the
average water area, the character of obstructions (sharp-edged orangular
objects induce greater turbulence than curved, smooth-surfaced objects),
and the position and spacing of obstructions transversely and longitudi-
nally in the reach under consideration.

In selecting the value of n., the degree of effect of vegetation is
considered

(1) Low for conditions compareble to the following: (a) dense growths
of flexible turf grasses or weeds, of which Bermuda and blue grasses are
examples, where the average depth of flow is 2 to 3 times the height of
vegetation, and (b) supple seedling tree switches, such as willow, cotton-
wood, or salt cedar where the average depth of flow is 3 to 4 times the
beight of the vegetation.

(2) Medium for conditions comparable to the following: (a) turf grasses
where the average depth of flow is 1 to 2 times the height of vegetation,
(%) stemmy grasses, weeds, or tree seedlings with moderate cover where
the average depth of flow is 2 to 3 times the height of vegetation, and
(¢) brushy growths, moderately dense, similer to willows 1 to 2 years
old, dormant season, along side slopes of a chonnel with no significant
Vegetation along the channel bottom, where the hydraulic radius is
Ereater than 2 ft.

(_3) High for conditions comparable to the following: (a) turfl grasses
whiere the average depth of Aow is about equal to the height of vegetation,
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(b) dormant season—willow or cottonwood trees 8 to 10 years old, inter.
grown with some weeds and brush, none of the vegetation in foliage,
where the hydraulic radius is greater than 2 ft, and {¢) growing season—
bushy willows about 1 year old intergrown with some weeds in full foliage
along side slopes, no significant vegetation along channel botiom, where
bydraulic radius is greater than 2 {t.

(4) Very high for conditions comparable to the following: (a) turf

grasses where the average depth of flow is less than one-half the height
 of vegetation, (b) growing season—bushy willows about 1 year old, inter-
grown with weeds in full foliage along side slopes, or dense growth of
cattails along channel bottom, with any value of hydraulic radius up to
10 or 15 {t, and (¢} growing season—trees intergrown with weeds and brush,
all'in full foliage, with any value of hydraulic radius up to 10 or 15 ft.

In selecting the value of m;, the degree of meandering depends on the
ratio of the meander length to the straight length of the channel reach,
The meandering is considered minor for ratios of 1.0 to 1.2, appreciable
for ratios of 1.2 to 1.5, and severe for ratios of 1.5 and greater.

In applying the above method for determining the n value, several
things should be noted. The method does not consider the effect of
suspended and bed loads. The values given in Table 5-5 were developed
from a study of some 40 to 50 cases of small and moderate channels,
Therefore, the method is questionable when applied to large chanpels
whose hydraulic radii exceed, say, 15 ft. The melbod applies only to
unlined patural streams, floodways, and drainage channels and shows &
minimum value of 0.02 for the = value of such channels. The minimum
value of n in geperal, however, may be as low as 0.012 in lined channels
and as 0.008 in artificial laboratory flumes.

6-9. The Table of Manning's Roughness Coefficient. Table 5-6 gives
a list of n values for channels of various kinds.? For each kiod of channel
the minimum, normal, and maximum valyes of n are shown. The nor-
mal values for artificial channels given in the table are recommended only
for channels with good maintenance. The boldface figures are values
generally recommended in design. For the case in which poor mainte.
nance is expected in the future, values should be increased according to
the situation expected. Table 5-6 will be found very useful as a guide to
the quick selection of the n value to be used in a given problem. A
popular table of this type was prepared by Horton [34] from an examina-
tion of the best available experiments at his time.? Table 5-6 is compiled

1 The minimum value for Lucite wasa observed in the Hydraulic Engineering Labora-
tory at the University of Ilinoia |33]. Such & low n value may perhaps be obtained
also for smooth brass and glass, but no observations have yet been reported.

* A table showing n values and other elements from 269 observations made on many
exisling artificinl chanpels is also given by King [35].
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TiaLr 55. VaLurs ror THE CoMPUTATION OF TEHE RoOUGHNESS COEFFICIENT

BY Eq. (5-12)
Changel conditiona Values
Earth 0.020
24
Material Rock cut N 0.025
involved Fine gravel 0.024
Coarse gravel 0.028
Smooth 0.000
Degree of Mipor " 0.005
irregularity Moderate 0.010
Severa 0.020
Gradual 0.000
Varintions of
channel cross| Alternating occasionslly | na 0.005
gection
Alterpaling frequently 0.010-0.015
Negligible 0.000
Relative Minor 0.010-0.015
eHect of t |——
obstructions | Appreciable 0.020-0.030
Severe 0.040-0.060
Low 0.005-0.010
Medium 0.010-0.025
Vegetation L
High 0.025-0.050
¥ery high 0.050-0.100
Minor 1.000
Degree of .
meandering Appreciable b 1.150
Severe 1.300
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TaBLE 5-6. VALUES oF Toe RoUGHNESS COEFPICIENT n
{Boldface Ggures are values generally recommended in design)

Type of channel and description Minimum | Norinal | Maximuny
A. Crosep Conxpuits FLowing Partry FuLL
A-1, Meial
a. Brass, smooth 0.009 0.010 0.013
b. Steel
1. Lockbar and welded 0.010 0.012 0 M4
2. Riveted and epiral 0.013 0.016 0.017
¢. Cast iron
1. Conted 0.010 0.013 § 0.014
2. Uncoated 0.011 0.014.-| 0.018
d. Wrought iron
1. Black 0012 | 0.014 | 0.015
2. Galvanized 0.013 0.016 0.017
e. Corrugated metal ]
1. Subdrain 0.017 0.018 0.021
2, Storm drain 0.021 0.024 .\ 0.030"
A-2. Nonmetnl
a. Lucite 0.008 0.009 0.010
b. Glass 0.009 0.010 7.013
c. Cement
1, Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 | 0.013 ] 0.015
- d, Conerele :

1. Culvert, straight and free of debris 0.010 0.011 0.013
2. Culvert with bends, connections,| 0.011 0.013 0.014
end some debris

3. Finisbed 0.011 0.012 0.014
sewdpe 4. SBewer with manholes, inlet, ete., 0.013 0.015 9.017
icht
b. Unfinished, steel form 0.012 0.013 0.014
8. Unbnished, smooth wood form 0.012 0.014 0.016
7. Unfinished, rough wood form 0.015 0.017 0.020
. Woed
71. Stave 0.010 0.012 0.014
2, Laminaled, treated 0.015 0.017 0.020
£ Clay :
1. Common drainage tile 0.011 0.013 0.017
2. Vitrified sewer - 0.011 0.014 0.017
3. Vitrified sewer with manholes, inlet, | 0.013 0.015 0.017
ete.
4. Vitribed subdrain with open joint |. 0.014 0.018 0.018
g. Brickwork
1. Glazed 0.011 0.013 0.015
2. Lined wilh cement morlar 0.012 0.015 0.017

h. Bapitary sewers coated with sewage| 0.012 0.013 0.018

alimes, with bends and connections
%. Paved invert, sewer, amooth bottom 0.016 0.016 0.020
§. Rubble maeonry, cemented 0.018 Q.025 0.030
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from up-to-date information collected from various sources ([34,36,38),
and unpublisbed data}; hence it is much broader in scope than the Hortop
table.

5-10. Illustrations of Channels with Various Roughnesses. Photg-
graphs of a number of typical channels, accompanied by brief descriptions
of the channel conditions and the corresponding n values, are shown in
Fig. 5-5. These photographs are collected from different sources and
arranged in order of increasing magnitude of the n values. They provide
a general idea of the appearance of the channels having different n values
and so should facilitate selection of the n value for & given channel con.
dition. The n value given for each channel represents approximately
the coefficient of roughress when the photograph was taken.

The ebove type of visual aid is also employed by the U.8. Geological
Survey. The Survey has made several determinations of channel rough-
ness in streams, mostly in the northwestern United States. These in-
clude measurements of cross-sectional area, width, depth, mean velocity,
slope, and computation of the roughness coefficient. The reaches were
pbotographed in stereoscopic color, and the photographs have been
circulating among the district offires of the Survey as a guide in evaly.
ating 7.
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changes in grade, pipe size, direction of flow, and quantity of flow,
Fipure 6-14 illusirates the details of a typical munhole. Storm draing
are usually not built smaller than 12 in. in diameter, because pipes of
lesser size tend to clop readily with debris and therclore present serious
malfunction problems. Maximum manhole spacing for pipes 27 in. and
under should not exceed about 600 f. For larger pipes, no maximum
is prescribed and the normal requirements lor siruclures should provide
access to the drain lor inspection, cleaning, or maintenance.

6-18. HYDRAULIC DESIGN OF URBAN STORM-DRAINAGE SYSTEMS

Basic principles outlined at the beginning of the chapter are suffi-
cient to adequalcly design an urban drainage system, Calculations for
the drainape area shown in Fig. 6-15 are presented in detail to illustrale
the mechanical procedure and the rational method as applied Jo an actual
design problem. The overall Mextex area is an urban residenlial area
made up of single-family dwellings and is divided into 8 subareas which
are tributary o individual storm-waler inlets,

ExampPLE 6-4. Design 2 storm-drainzge sysiem 1o carry the flows from the
B inlet areas given in Fip, 6-15. I will be assumed that a 10-vear frequency
rainfall satisfies the local design requirements. Assume clay soil 10 be pre-
dominant in the area with averape lawn slopes,

Solution; The sleps for solving ace as [ollows:

1. Prcparea drainage-area map showing drainage limits, streets, impervious
areas, and direction of surface flow.

2. Divide the drainage area inlo subareas tributary 10 the proposed storm-
walcr inlets (Fig. 6-15). ’

3. Compulte the acreage and imperviousness of each area,

4, Caleculate the required capacity of each inlet, using the rational method.
Assume a 5-min inlet time 1o be appropriate and compute inlet flows for a rainfall
intensity of 7.0 in./hr. This is obtained by using the 10-vear frequency curve
on Fig. 6-11 with 2 5-min concentration ume, . Appropriate C values arc obtained
from Fig. 6-10 by entering the graph with the calculared percenlage impervious-
ness (the percent of the inlet arca which is covered by sireets, sidewalks, drives,
rools, elc.), projecling up Lo the average lawn slope curve and rcading C on the
ordinate, Computations lor the inlet flows arc tabulated in Table 6.7,

5. Select the type inlets required 10 adequately drain the flows in Table 6-7.
The choice will be based on a knowledge of the street slopes and their relation
to various inlet capacities. Inlet capacily curves such as given in Fig. 6-13 would
be used. For the purposes of this example. no actual selections will be made but
the student should recognize that this is 1he next lopical stcp and an exceedingly
imporianl one.

6. Beginning at the upstream end of the system, compute the discharge 10
be carried by each successive length of pipe, moving downstream, These calcu-
lations are summarized in Table 6-8. Notc that al each point downstream where 2
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TABLE 6-7 _
REQUIRED STORM-WATER INLET CAPACITIES FOR EXAMPLE -5
1 2 3 4 5 3 7
Il Arca Arca Percent c Rainfall g.ch
nlet Designalion Aclcs Impervious Iniensity {3 = (5) = (&)
1-1 0 0.40 a9 0.57 1.0 1.59
1-2 H 225 20 035 7.0 552
1.3 M 275 26 0.40 7.0 1,70
1-4 N 1.27 26 0.40 7.0 3.55
1-5 D 2.66 26 0.40 70 743
1.6 C 19 24 DA 7.0 848
-7 A 1.93 23 0.37 1.0 4.9%
1-8 B 1.34 29 0.42 1.0 193

new flow is introduced, a new lime of concentration must be determined as well
as new values of C and drainage area size. As Lhe upsiream inlet areas are
combined to produce a larper tributary arca at some design point, a revised C
value representing these combined areas must be obtained. Usually the procedure
is to 1ake a weighted averape of all the individual C values of which the larger
arca is composed, For example, when computing the flow 1o be carried by the
pipe from M-9 1o M-8, the rribmary arcais A + B + € = 6.46 acres, and the
composite value of Cwill be

Zca; 0.37 x 193 + 042 x 134 4+ 038 x 3.19
z a, 6.46

At the design location the value of 1, will be equal 1o the inlet time at -8 plus
the pipe fAow time from 1-8 10 M-9 (seec Table 6-8). which gnust be known to
permit solving the rainfall intensity to be used in compuling the runofl from
compositcarea A + B + C.

7. Using the compuied discharge values, select tentative pipe sizes for the
approximale slopes given in column 8 of Table 6-8. Once the pipe sizes are known,
flow velocities between input locations can be determined. Normally these veloci-
lies are approaimated by computing the full flow velocities for maximum discharge
at the specified grade. These velocities are then used Lo compule channel flows
lime for estimating the lime of concentration. Il upen completing the hydraulic
design enough change has been made in any concentralion time 10 alier the design
discharge, new values of flow should be computed.. Generally this will not be
the case.

8. Using the pipe sizes selected in Step 7, draw a profile of the proposed
drainage sysiem, Begin the profile at the point farthest downstream, which can
be an outfall into a natural channel. an arlificial channel, or an existing drain as
in the case of the example. In constructing the profile, be certain that the pipes
bave at least the minimum required cover. Normally 1.5 10 2 {t is sufficient.
Pipe slopes should conform 10 the surface slope wherever possible. At all man-
holes indicale the necessary change in invert clevation. In this example where
there is no change in pipe size through the manhole, a drop of 0.2 ft will be
used. Where the size decreases upstream through a manhole, the upstream inverl

C =

= 0.38
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will be sel above the downstiream inver! a distance equal 10 the dilference in 1he
two diameters, In this way the crowns are kept al the same elevation. A purt of
the profile of the drainage sysiem in the example is given in Fig. 6-16,
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FiG. 6-16. Profile of pari of the Mextex siorm drain, showing the hy-
draulic gradient.

9. Compuie the position of the hydraulic gradient along the profile of the
pipe. I this pradient lies less than 1.5 fl below the ground surface, it must be
lowered to preclude Lhe possibility of surcharge during the design flow, Note that
the value of 1.5 ft is arbitrarily chosen here. In practice, local standards indicate
the limiting value, Hydraulic gradients may be lowered by increasing pipe sizes,
decreasing head losses at structures. by designing special transitions, by lowering
the system below ground, ar by some combination of these means.

Computations {or a postion of the hvdraulic pradiem of the example will now
be given. Head losses in the pipes are determined by applying Manning's equa-
lion, assuming » = 0.013 in this cxample. Head losses in the structures will be
delermined by using the relationships defined in Figs. 6-17 and 6-18. These curves
were developed Jor surcharged pipes entering rectangular structures but may be
applicd 1o wye branches, manholes, and junction chambers as piciured on the
curves.”” The “A™ curve is vsed 10 Aind entrance and exit losses, the “B™ curve
1o evaluatle the head loss due 10 an increased velogity in the downsiream direction.
The loss is designaled as the diflerence beiween the head losses found for the
downstream and upstream pipe (Vi3 — ¥,_,). 1n cases where the greatest
velocity occurs upstream, the difference will be negative and may be applied Lo
offset other losses in the structure. The “C™ loss results from a change in
direction in a manhole, wye branch, or bend structure. The “D™ loss is relaled
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a Examples 0‘]..
3 Manhole S I
0,195 ,
3z = 2 -
W37 V=81 p,:93 TIS
@)= Upstream flow, cfs
Head Losses I !
3 . ;= Downstream flow, cfs
_ A: 0.34 .E?I @= Incoming volume, cls
28 5:102-05L: 0'5.1 &! W = Upstream velacily, fps
= - 0.18 s ¥ = Downslream velogity, {ps
28 2 020{f.q o-O e Vs = Veloe:y head 11
' Total 123N loss . o,
2
¥Wye branch ’/
O)=40, @;:44 ﬁ Loss duetochange in [ [ o, « .
32 ' 0, 91 7_ A minor loss in
=57 H * locaty = - .
=57 Vp:6.2 velocily " ¥s-2 = Vh-y manhale. Entrance
30 Head losses / ioss in manhole
£8-0.58-0,51:0 07 I /1| tar inte1 ).
= ¢ = 010 | an - .
<18 - 003! |/ & / r Fo1 33 and larger
H oy, | use” C curve.
2 16 Tolal 0.20 / " —
5 Jf or [ Loss due Lo 45°
L)
T € bend in rnanhale.
1.4 1 ‘Multiply by 2.0
for 907 Deduct
1 r
1.2 i 5 for 22 FYl
1o Graphic example of MH Lossoniun al wye.
| head losses {above) : [ Loss due lo 50°
i bend. Structute
8 L 1 a
)il teduct 5 for 45°),
/ } "Mustiply 'C":l.ﬁve
6 / t loss by L5 far
| ) . I bengs with man-
q ./.! H hole or with con-
-3 AR Y ‘nection, 2.0 for
2 i / I o P 1 bend structuies
—T ‘]'/: T witll monhole and
t ] connection.
o I ] ; -

2 4 [ a 0" 12 14 16 18 20
Velocily ¥, 11/sec

FiG. 6-17. Types A. B, and C head losses in siruciures. (Courlesy of 1the Balli-
more County Department af Public Works, Towson, Muryland.}

10 the effecis produced by the entrunce of secondary flows inlto Lhe struclure.
Several examples of the use of these curves are shown on Figs. 6-17 and 6-18.
" Computations for the hydraulic gradient shown in Fig, 6-16 are as follows:
{3) Begin at the elevation of the hydraulic gradient at the upstream end of
the existing 30-in. reinforced-concrete culvert pipe (RCCP). This elevation is
105.50, The existing hydraulic gradient is shown on Fig, 6-16.

‘
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D loss = @; no secondary fow
Total = 03611

The hydraulic gradient therefore rises in the manhole (o an clevalion of
105.50 4 0.36 = 10586 ft, plowted in M-1 an Fig. 6-16.

{c} Compule the head loss due to friction in the 30-in. drain lrem M-1 10
M-2. Assume a = 0.013. Using Manning’s equation, the head loss per linear
fool of drain is

(n VP
T 228 o
and [rom M-1 10 M-2,

_ (0013 x 8.3)?
2.21 x 0.534

The total frictional head loss is therefore .
A =8 x L =00116 x 176 = 1731t

Elevation of the hydraulic gradient at the downsiream end of M-2 is thus
10586 + 1.73 = 107.59 ft. This elevation is plotied on Fig. 6-16, and the
hydraulic gradient in this reach is drawn in.

(d) Compute the head losses in M-2.

A = 0.36(V = B.3fi/sec)
8 =107 — 090 = 0.17(V, = 8.3, Vi = 1.6 = Q/4 for 27-in. drain)
C = 0.20 x 2.0 {muliiply by 2 for %0 ;:Icg_ree bend in manhole—
see Fig. 6-17) = 0.40
D =022for 0/ = 11.3/30.3 = 37 percent

Tolal head loss in M-2 equals 1.15 i and the elevation of the hydraulic
gradient in M-2 is therefore 107.59 + .15 = 108.74 [t
(c) Compute the {riction head loss in the section of pipe from M.2 to M-3,

_ (0013 x 6.4)°
221 x 0.372

Bf = 0.0113 x 37 = 0.4211

Elevation of the hydraulic gradient at the downstream end of M-3 is therefore
108.74 + 0.42 = 109.16 It. Plot this point on the profilc and draw the gradient
from M-2 to M.3.

A = 0.0166

S = 00113

Students should realize that the hydraulic gradient in this example
was computed under the assumption of uniform Row. In clesed conduit
Systems, if the pipes are Aowing [ull or the system is surcharged (the usual
design flow conditions), this method will produce good results. Where
open conduits are used, or in partial-flow systems, the hydraulic gradient
can be determined by compnting surface profiles in the manner described
in Sec. 6-2.

Computations lor the remainder of the hydraulic gradient are identi-
cal to those just given and will not be presented. It should be noted that
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