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EXECUTIVE SUMMARY

The primary objectives of this Drainage Basin Master Plan are to address the issue of storm
waler convevance in major streams, identily exisung and futore problem areas, and develop
recommendations for solutions to specific problem areas. The North Fork Catfish Creek and Bee
Branch Drainage Basins were the only two drainage basins anaiyzed with the described goals.

Specifically, the objectives of this Master Plan include:

* Determining capacity of existing drainage system under ultimate development
conditions for the 10-, 50-, 100- and 500-year return peniod storm events,

e Developing hydraulic models using aenal topographic mapping and GIS infermation
for major drainage segments on North Fork Catlish Creek and the Bee Branch main
trunk ling S1OMM scwer,

» Jdentifying problem areas i the stream segments studies and developing
improvement plans for specific problem areas,

o Addressing water quality in a qualitative nature by developing a list of possible Dest
Maunagement Practices (BMPs}, and

* ldentifying potential funding seurces for improvement plans.

A total of nine (2} problem areas located wittin the North Fork Cathish Creek Drainage Basin
were identified as out of compliance with the City's drainage standards/cnteria. The majority of
these problem areas are associated with limited hydraubic capacity of existing detention cells,
natural channels, and culverts. The total cost for implementation of recommended improvements
in the North Fork Caifish Creek Drainage Basin is estimated to be $1,673,000.

The Bee Branch Drainage Basin is composed of five {5) major subareas: West 32nd Street,
Kaufinann Avenue, Locust Sireet, Central Business District — North, and Central Business
District. Most of the specific problem areas identified in the Bes Brunch Drainage Basin were
located within the West 32nd Sireet Subarea. Seven (7) problem areas in the West 32nd Street
Subarea, including one special problem area. exceaded the established design criterja. Most of
the flooding problem areas are the result of limited hydraulic capacity of drainage structures.
The West 32nd Street Subarca also was identified as a primary factor in the flooding hazards
encountered 1n the low-lying, heavily developed area focated in the lower perticn of the Bee
Branch Drainage Basin, also known as the Couler Valley area. The West 32nd Street Subarca
was recognized as offering the best oppontunity for storm water storage within the Bee Branch
Drainage Basin; therefore, the recommended improvements focused on providing additional
storage for storm waler runoff.  The total estimated capital cost for execution of the
recommended improvements in the West 32nd Street Subarea is approximately $4,700.000. An
ilemized list of improvements ¢an be found in Table 4,12 on page 4-19.

Ciry of Duhugue, dooe Drainage Bagin Master Plan
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EXECUTIVE SUMMARY

The primary drainage problems within the Kaufmann Avenue, Locust Street. Central Business
District — North, and Central Business District Subareas have occurmed where development has
exceeded the capacity of the storm water conveyance system. The only visble detention storage
option for these subareas was a small detention cell in the Kaufmann Avenue Subarea. The
estimated capital cost for this detention cell is approximately $530,000.

Flooding problems in the upper portion of the main Bee Branch storm sewer trunk line, north of
24th Street, are greatly improved with the West 32nd Street Subarea improvemenis; however, Lhe
convergence of flood Mows from Kaufmann, Locust, and Central Business District — North
Subareas stilt result in significant MNooding depths in the lower part of the drainage area south of
24th Street. The only alternative that significantly reduced 100-vear [locding depths in the jower
reaches of the Bee Branch was a flood control channel. This alternative consists of constructing
a 150-foot wide, NMood control channel to carry the Mow of a 1H-vear [lood event. Construction
of this channel from the 16th Street Detention Cell to 24th Street was shown to remove
approximately 99% of the homes and businesses from the 100-year [loodplain along the main
Bee Branch storm sewer trunk line, while requiring the purchasing or relocation of
approximately 70 homes andfor businesses. Estimated cost for this altemmative is $17.1 million.

ity af Dubgue, lowa Drzinage Basin Masrer Plan
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INTRODUCTION

e ——

1,0 INTRODUCTION

1.1 PROJECT BACKGROUND

The City of Dubugue (City) is located in the eastem portion of Dubuque County in eastern Jowa.
The corporate limits of the City cover approximately 25 square miles and include a population of
approximateiy 57,000 pecople. The City is located on the west or right bank of the Mississippi
River and 1s characterized by numerous culctops of limestane and steep slopes in the upland
areas and generally flat low-lving floodplains in the lowlands. Earthen levees and iloodwalls
offer protection to the city against a Mississippi River flood.  Along the river. numerous
temporary storage sites are filled with storm water during a storm event and discharge into the
Mississippi River through gravity outlets or pump stations when gravity dranage is not possible.

The streams and chanmels exising in the City of Dubugue predominately onginate within the
corporate limits and low casterly to the Mississippi River. The City is principally drained by the
Bee Branch Drainage Basin {Bee Branch). North Fork Catfish Creek Draipage Basin (North
Fork), and their tributaries. The Bee Branch Mlows through the nonh end of the city and consists
of several larze tributary drainage areas including West 32nd Street, Kaufmann Avenue, Locust
Street, Central Business District — North, and Central Business District. The Jow-lying, heavily
developed areas located in the Central Business Distoict — North and Central Business Distact
are hereafter refermed w as the Couler Valley area, while the North Fork Catfish Creek Drainage
Basin consists primarily of gne main channel with several small tnbutary drainage areas. The
Bee Branch Drainage Basin flows into the 16th Street Detention Cell adjucent to the Mississippi
River, and the Nonh Fork Catfish Creek Drainage Basin empties into Middle Fork Catfish
Creek. The Bee Branch and Nonh Fork Catfish Creek Dramage Basing drain a total of 11.0
squarc miles and were identified by the City of Dubuque as the focus of the study. The
contributing drainage areas of the Bee Branch and North Fork are shown tn Figure 1-1.

Flooding penodically occurs along the streams and streets in Dubugue, with flood damage 1o
streets, homes and businesses.  As the city enjoys sustained growth through the vears, runoff
rates and flooding problems are likely to increase in many areas due to continued conversion of
rural lands to urban uses.

A review of the rainfall records for the City of Dubuque shows that storms exceeding the
magnitude of a 50-year and 100-vear return period have occurred in the past and will likely
continue Lo occur in the future, Daily rainfall has been recorded at the Dubugue Aimport since
1890 and at Check Dam 11 locmed on the Mississippi River since 1937, Table 1.1 presents a
summary of the ten greatest 24-hour rainfall measurements at the two (2) stations. It is noted

Ciry e Dubrugue, lowa Brainage Basin Masier Plan
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that the maximum 24-hour rainfall events may net be taken wathin the same 24-hour pened for
each of the rainfall stations. such as the September 14, 1967 storm event.

Table 1.1
Summary of Maximum 24-Hour Rainfall Events for Dubuque, lowa
Dubuque Airport Check Daun 11
Station Nos. 132369 and 132367 : Station No. 132364
(18%6-2000) {1937-2000)
24-Hour .
Rank Date - Rainfall Date Rﬂ;ﬁ e
{inches) '
i Seplember 14, 1967 8.85 August 2, 1972 5.27
2 July 1, 1961 6.28 May 13, [978 450
3 MNovember 2. 1961 4.9 September 13,1972 4.48
4 May 6, 1960 4.37 September 14, 1967 40K
3 Scplember 12, 1961 4.37 June 13, 1947 3.8%
6 July 8, 1951 4.36 July 30, 1987 3.86
7 August 16, 1918 4.26 May 29, 1962 3.64
8 Juiy 17,1977 3.91 August 7, 1970 3.40
& July 5, 1993 181 Augest 27, 1963 3.35
10 June 13, 200} 3.84 June 26, 1969 3.33

Urban development within a drainage area generally results in an increase in the percent
impervious, i.e., more hard surfaces, with a concurrent increase in runoff associated with any
given storm evenl. Therefore, stream channels and culverts that were adequate prior to
urbanization may become inadequate as the drainage area develops. This results in more
frequent stream channel flooding and backwater flooding from culverts unable to convey the
higher chscharges. The City of Dubuque addresses these problems. as funds allow, through strect
and drainage improvement projects.

1.2 PROJECT OBJECTIVES

This Drainage Basin Master Plan addresses the 1ssue of storm water conveyance in major
streams, the identification of existing and future problem areas that do not meet drainage criteria
and the development of recommendations for solutions to specific problem areas. The primary
objectives of this Drainage Basin Master Plan are the following:

1. Determine capacity of existing draipage system under ultimate development
conditions for the 10-, 50-, 100- and 500-year return period storm events;

City oof Duebrague, fowa Brainage Basin Master Plan
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INTRODUCTION

2. Develop hydraulic models using aenal topographic mapping and G1S information
for major drainage segments on North Fork Catfigh Creek and the Bee Branch main
trunk line slorm sewer,

3. Identify problem arcas in the stream segments stodies and develop improvement
plans for specilic probiem areas;

4.  Address waler quality in a qualitative nature by developing a list of possible Best
Management Practices {BMPs); and

5. Identify potennal funding sources lor improvemeant plans.

This Drainage Basin Master Plan addresses existing and projected ooding within the drainage
areas. Portions of the drainage areas have been included in previous Federal Emergency
Management Agency (FEMA) studies. While FEMA flood insurance studies are the official
regulatory document for [loodplain identification within Dubuque, they are lacking in three (3}
areas: 1) they ure based on very coarse hydrologic information, 2) they do not include drainage
areas smaller than | sguare mile, and 3) they de not consider the impacts of ultimate
development patterns. The Master Plan addresses these deficiencies by using more detailed
hydrologic techniquas. While not regulatory, the MNoodplains delineated in this Drainage Basin
Master Plun are a more accurale representation of expected floodplains for planning purposes.
Lastly, the Moodplain delineation noted above includes considerations of uitimate development
patierns.

Specifically, this Master Plan identifies the anticipated future hydrology (rainfall and runoff) for
the drainage area considening reasonable land use changes hased on ultimate development.
Problem areas were identified for the existing syslem without any improvements at the future
[lows. Alternatives were evaluated and sclutions recommended based on ultimate [lows.

This Master Plan addresses water quality in a gualitutive nature within the drainage areas. The
levels of pollutants typically associated with urban runoff were not calculated. Although it was
not directly addressed n this plan, implementation of best munagement praclices {BMPs) and
impacts on water guality were considered in the analysis of alternatives.

1.3 ORGANIZATION OF THE DRAINAGE BASIN MASTER PLAN

The Drammage Basin Master Plan is divided mnto five {5) main sections. Section 1 is the
intreduction. Section 2 provides a descnption of the methodologies used in the performance of
this study including & descnphon of the [lood hydrology and stream hydraulic models, a
discussion of the drainage critena applied. and a description of the methods for the development
of drainage cost improvement estimates. Sections 3 and 4 include the individual sub-section of

Ciry of Prubngne, towa Dirainage Basin Master Plan
Intraducrion i3 Full 20601



INTRODUCTION
———————————————— —————— ——— |

each of the two (2} major drainage basins in Dubuque includimg North Fork Catfish Creek and
the Bee Branch Drainage Areas. The Bee Branch Drainage Area includes: West 32nd Street,
Kaufmann Avenue, Locust Street, Windsor Avenue, 8th Street, 11th Street, 15th Street, Lower
and Upper Kerper and Dock Street and Hamalton Street Subareas.  Each draimage basin sub-
section include a description of the general charactenstics of the drainage area, flood hvdrology
results, hydraulic capacity of roadway crossings, identification of problem areas, conceptual
improvement plans to mitigate flooding in the problem areas and capital cost estimates for cach
improvement project. A ranking of the problem areas for each of the individual drainage basmns
was prepared 1o establish prionties for implementation of proposed projects.  Although
numerous criteria could be used to establish priorities for implementauion of the proposed
projects, the following criteria {(arranged in order of decreasing importance) were considered:

+ Seventy of existing problem;

¢ FPublic safety;

= (Capiral cost;

¢ Preserving/enhancing existing property values;
+ Development potential;

= Socialfeconomic impacts; and

= Maintenancefoperating costs,

Flooding of residential, commercial and industnal buildings was given the highest priority for
implemantation of improvernent projects. Roadway crossings failing to meet the drmnage eriteria
were pnontized for improvement based on apparent traffic volumes, availability of alternate
moutes that are passable duning flood events, frequency and degree of overtopping. and cost
cfficiency for mitigating the Mooding problem. Section 5 addresses the financing of drainuge
improvements and operations.

1.4 NATIONRAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

The 1987 Amendments to the Clean Waler Act recognized urban runoff as a major contobutor to
the Nation's water quality problem. Thereafier, storm water issues became as closely allied with
water quality issues as they had been previously associated with Mood control. In other words,
quality became as important as guanriey. In 1990, the U.S. Environmental Protection Agency
{(EPA} promulgated Phase I of the National Pollutant Discharge Elimination System (NPDES)
permmit coverage o address storm water runoff from “medium and large”™ municipal separate
stonm sewer systems (MS4s). Storm Water Phase I program is the next phase of EPA's effont
1o preserve, protect and improve the Nation's water resources from polluted storm water runoff.

Cirv af Duboipne, fowa Dyrammape Basin Masier Plan
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Dubugue meets the definition of a small (MS4} sized municipality {population more than 50,000
but less than 100,000). The deadline for submiital of permit applications Tor Fhase II designated
small M54s is March 10, 2003,

Six meastres are to be included it a storm water managemeni program 1o meet the conditions of
its NPDES permit and include: 1) public education and oulreach; 2} public
participation/involvernent; 3) illicit discharge detection and eliminanon; 4) construction site
runoff control; 5) post-construction storm  water management in new development and
redevelopment and 6} municipal pollution preventionfgood housekeeping. These imcasures
compnse the rarge of Best Management Practices (BMPs) available to a municipality for the
reduction of negative impacts resuliing from storm water runoff, BMPs are defined as schedules
of activities, prohibiions of practices, maintenance pracedures, and other physical, structural,
andfor managenal practices to prevent or reduce the pallution of waters of the United States.

City ef Dubegque, fovwa Brratrage Susin Master Ploan
fneroduetion i3 Falt 2}



Erifuand

" 'BEE BRANCH -
" DRAINAGE _B._&S_IH_I
_ e isconsin

NORTH.FORK

" Nlinois
. DRAINAGE BASIN ~ " §

i

I =
!
|

-

: _ gt ' g
m - Drainage Basins Studied FALL 200]

ErW WY Db AV ERK F- 1 34 _seonmiawaden CI5 L0k LIS CyMan Sy 711 01 AYE

| iy Dlraseng e Ba.

f}ﬁ%}w Drainage Basin Master Plan Figure
HDA Engineering, inc. By e e City of Dubugue, towa -]




METHODOLOGIES

2.0 METHODOLOGIES

Flood hvdrology models were developed for each individual drainage basin, incorporating the
unique characteristics of each basin to simulate runoff for specific storm events.  Stream
hydraulic models were developed for the segments included in this study incorporating the
channel and f[loodplain geometry denved from aenal topographic maps. roughness
characteristics of channel banks and floodplains and the numerous bndges and culverts that cross
the streams and affect flood levels. The following sections descnibe the methodologies used in
this siudy.

2.1 PHYSICAL CHARACTERISTICS

2.1.1 Tapography

Topozraphy of & drainage area refers to the charactenistics and features of the land surface, such
as slope and channel width. The slope of a drammage area influences the rate at which
precipitation falling on the land surface will be conveyed to the outlet point of the drainage area.
All other parameters considered equal, as the slope of a drainage area increases, the faster the
water travels to the outlet point.  Although there can be a great deal of vanation in slope
magnitude and direction within a drainage area, there are two main slope values of particular
interest: 1) average averland slope and 2} averapge channcl siope. Overland slope gives an
indication of how fast runoff will travel on the land surface 1o a drainage channel, and channel
slope reiates how quickly the runoff will be routed 1o the outlel point of the drainage area.
Drainage arcas within the City typically have a much steeper overiand slope than channel slope.

Elevation measurements and slope calculations were performed using the Dubuque Ares
Geographic Information System (DAGIS). The DAGIS included a digital ierrain mode] {DTM)
consisting of spot elevations and breaklines generated from aenal survey and ground control
data. Two-foot elevation contour lines created from the DTM were also included in the DAGIS
database. The DTM was used to produce two additional lerrain models lor use in the analysis.
A nangular irregular network (TIN) terrain model, a continuous surface comprised of tnangular
faces, was created for use in calculating detention volumes, cutling siream cross-sections. and
creating open channel hydraulic models. A digita) elevation modei (DEM), a grid comprised of
10-meter cells, was created from the TIN for use in delineating drainage areas, estimating
hydrologie parameters, and creating hydrologic models.

Ciry of Drbugue, fowa Dramagpe Bagin Master Plur
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2.1.2 Soil Types

The tvpes of soils present in a druinage area have a sigraficant impact on the amount of runcff a
given storm will produce. This impact 15 influenced pomanly by the infiltration characieristics
of the satl.

Information on the soil 1ypes and charactenstics for each drainage area was compiled by
developing a digital soils database in GIS.  Soil survey SSURGO and SATSGO databases
developed by the Natural Resources Conservation Service (NRCS) were used. The S5URGD
data set was used to provide specific information about each scil series within the drainage areas.
Becawse the majority of the soils in the Dubuque area are classitied as hydrologic soil group ‘B,
the less detailed STATSGO database was used to develop hydrologic models. This information
was then combined with land use data to obtain hydrologic charactenstics for each polygon.

2.2 URBAN DEVELOPMENT CHARACTERISTICS

2,21 LlandUse

Land vse 1s a crtical element for storm water planning. 1t impacts both the quantity and quality
of water being routed through storm sewer sysiems and natural channels. The effect iand use has
on water quantity is generally linked to the amount of impervious area for a parhicuiar land use
category. The more impervious area a tract of land has, the faster the water will be routed to the
storm sewer system or channel due to lower infiltration losses into the ground and lower surface
roughness of the land. In peneral, an area with a lhigh percentage of impervious area will have a
quicker time to peak and a higher peak, than a similar area with a lower percentage impervious.

The scope of this preject was to model storm water quantity for ultimate development. so a land
use database containing infermation for ultimate development was created. Ultimate land uvse
was based on the City’s comprehensive land use plan and supplemented with land use
projections made by City personnel. The landuse categones within the draimage basins are
shown in Table 2.1,
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Table 2.1

Drainage Basin Land Use Groups
Land Use Group Description

5T Streets

0 Commercial

IND Industriai

NG Institutional

H High Denstty Residential

MD Medium Density Residenta)

L} Low Densiy Residential

AG Agnicultural

1y Open Space and Grass

2,3 HYDROLOGIC MODEL

The 1.5, Army Corps of Engineers {USACE} Hydrologic Engineering Center (HEC} Hyvdrologie
Modeling System {HEC-HMS) was selected to model the drainage areas in the city of Dubuque.
HEC-HMS simulates prectpitation-runoff processes of dendntic drainage systems. HEC-HMS
compuies runoff volume by computing the velume of water intercepted, wnfiltrated, stored,
evaporaled, or transpired and subtracting it from the precipitation.

HEC-HMS is designed to simulate the surface runoff response of a dramage basin to
precipitation input. The model represcrits the basin as an interconnected system of hydrologic
and hydraulic compeonents.  Each component models an aspect of the precipiiaion-runeff
process within a pontion of the hasin commenly referred to as a subbasin. A component may be
a surface rupoff entity, & siream channel, or a reservoir. The result of the modeling is the
computation of stream [low hydrographs at desired locations in the drainage area.

NRCS methodology was used to deterrmine runoffl volumes, disect runoff and channel mouting.
The advantage of the NRCS methodology is it converges quickly, resulting in a very stable
medel. Additionally, the inpul parameters are more commoniy known and understood, resulting
in easier applications. The disadvantage is the results are not as accurate as for non-linear
routing, and differing land uses can only be accounted for via the runoff curve number. In the
Drainage Basin Master Plan analysis, the NRCS methodology was used.

Ciey of Dubrigue, lowa Drgtnage Basin Masier Plan
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Key data required by the HEC-HMS maodel include:

* Drainage basin area;

» Precipitation depths:

»  Runoff curve number;

¢ Unit hydrograph and basin lag time;
» Design storm charactenstics; and

¢ Channel and reservoir routing parameters.

2.3.1 Model Schematic

HEC-HMS dynamically routes storm waler through open chanmels. Hydraohic routing through
drainage systems requires a mathemnatical framework from which nuemerical calculations can
take place. HEC-HMS uses a link-node concept to ideaitze real-world systems. This concept
requires a network of nodes or junctions and links or reaches represent the dvinnage system. A
node is a discrete location in the drainage systern where conservation of mass or continuity is
maintained. Links are the connechons between nodes and are used to trans{er or convey water
through the drainage sysiem. The following general goidelines were used to locate nodes in the
drainage area schematic:

I. Upsiream and downstream of any siructure {e.2., culverts, weirs, elc.y;

2. Ponds and lakes (specifically storage nodes);

3. Channel junctions,

4. Downstream boundary:

5. Where channel geometry changes abruptly;

6. Where the channel bed slope changes abruptiy; and

7. Where myjor surface inflows to the conveyance system.

By following the general guidelines, a schematic diagram of the drainage area convevance
system was developed. The drainage area drainage areas were delineated and subdivided using
the DAGIS mapping. The two-foot contour interval on the GIS mapping provided useful
information in determining the major drainage area divides and subbasin delineation. The
drainage area was segmented into subbasins based on selected design points,
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2.3.2 NRCS Runoff Curve Number

The Natural Resources Conservation Service (NRCS) runoff curve number procedure was used
ta compute abstractions for storm rainfall. Abstractions are defined as the physical process (such
as soil infiltration and detention or retention by vegetation), which effectively reduces the
volumme of precipitation, which becomes runoff. The rainfall in excess of the abstractions
becomes runoff and 15 referred to as excess rainfall. Excess rainfall is always less than or equal
10 the depth of precipitation. The curve number is & function of land use, soil type, condition of
cover, and antecedent maoisture condition.  This information was wsed in cornjunction with
information rom the Dubugque County Soil Survey, GIS mapping and city's drainage
standards/cnteria to develop a runoff curve number for each subbasin. The soils are generally
characterized as hvdrologic soil group ‘B°, which have moderate infiltration rates if thoroughly
wetled, and consisiing ol deep or well drained soils with moderately fine to coarse textures. The
average antecedent moisture condition {AMC-11) was assumed. The curve numbers are based on
the tables published by the NRCS in Technical Repont 55 (TR-55). Table 2.2 summanzes the
land uge classification and its respective curve number.

In subbasins where development is panialiy or fully developed, the hydrologic analysis was
performed for ultimate land use development. In subbasins where agncultural development was
present, the hydrologic analysis was performed as agricultural land use, because developers are
required to provide on-site detention 1o maintain existing runoff releases.

Table 2.2
Drainage Area Land Use Groups and Curve Number
Land Use Group Descriplion NRCS Curve Number
5T Sireets 9g
IND [ndustrial g8
CG Commercial 92
TIN5 [nstitutional BE
HD Hizh Density Residential 85
MDD Medium Density Residential 73
LD Low Density Residential 72
AG Agricultural 73
op COpen Space and Orass 69
Ciev af Dubuguee. bowa Drainage Rasin Masrer Plan
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2.3.3 NRCS Unit Hydrograph

The unit hydrograph method is the component in the rainfall-runoff mode] that transforms the
rainfall excess into a surface runoff hydrograph. The unit hydrograph represents a typical
hydrograph shape for a drainage area. The unit hydrograph for a drainage area is defined as a
direct runoff hydrograph resulting from one inch of excess rainfall generated uniformly over the
drainage area at a constant rate for a storm of a specified duraton.

The NRCS unit hydrograph method relates hydrograph charactenstics to a physical charactensie
of the drainage area, the basin time to peak, t,. The basin time to peak is defined as the time from
the beginning of the ranfall event to the time at which the peak runoff rate is observed al the
drainage area outlet. The time 1o peak can be estirnated using the following empincal equation:

_at +1
Ty e
where: t;, = tmeto peak, in hours
At = computational interval, in hours
l,; = lagtime,in hours

The lag time is defined as the time difference between the center of mass of the rainfall excess
and the peak of the unit hydrograph. Lag times for each subbasin within the drainage area were
computed by applying the curve number method in the GIS analysis. The lag time is give by the
following equations:

_ Lﬂ.H{S+ l}ﬂ.‘r
"E 1900 YOO
1000
8=——-10)
CN
where: 1, = lagtime, in hours
L = greatest [low length, in fect
Y = average drainage area slope, m percent
CN = rmunoff curve number, based on tand use, land treatment and soi)

type

The NRCS unit hydrograph method was utilized in the HEC-HMS mode! for the drainage basins
in the study.
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2.3.4 Rainfall

The 24-hour rainfall depths for the 10-, 30-, 100- year frequency shown in Table 2.3 were based
on the point (station) data and developed as isohyetal maps presented in the Midwestern Climate
Center and [llinots State Water Survey publication, Bulletin 71, “Rainfall Frequency Atlas of the
Midwest”. The point data values are higher than the areal mean relations determined for each
climatic section in the state of lowa. The hydrologic analyses were conducted wsing the higher,
more conservative point data values, The 500-year rainfall depth was extrapelated from the
10-. 50- and 100-vear values. Area rainfall reduction lactors were not used to reduce the point
rainfall deplh because the drainage areas were less than 10 square miles.

Table 2.3
City of Dubuque 24-Hour Total Rainfall Depths
Return Period Hainfall Depth (inches)
10-Year 4.5
50-Year 6.0}
L00-Year 74
S00-Year 11.0

In order to calibrate (he hydrologic model, a comparison of the basin runoff to other hydrologic
methods was made. An observed hydrograph, depicting flow rates over time, was not available
for any slorm evenis to calibrate; therefore, another method was sought. Hydrologic analysis has
been conducted for Catfish Creek and its tnbutanes in the 1989 Federal Emergency Management
Agency (FEMA) Flood Insurance Study (FIS). The Nonh Fork of Catfish Creek was the first
drainage basin to be studied; therefore. a companson of the 100-year FIS results and 100-year
HEC-HMS results were evaluated. North Fork of Catfish Creek is an ungaged strcam, so
synthetic methods werce used 1o oblain the discharge-frequency relationships in the FIS. In
addition, the lowa Depariment of Transponation’s (JaDOT) regression equations were compared.
A summary of 100-vear peak discharges is shown in Tahble 2.4

Ciev of Dulrequee. fowa Drawmaps Bavin Master Plan
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Table 2.4
MNorih Fork Catlish Creek Peak 100-Year Discharge Comparison
at Confluence with Middie Fork Catlish Creek

Peak Discharge Source Runoff Peak (cf5) Comments
BDOT 2.500-3, 140 Ceveloped for rural [owa drainape basing.

FEMA-FIS 3,600 Flood Insurance Study using regression
equations. Based on existing land use
conditions.

HEC-HMS 2950 Existing land use conditions with no
effective storage. Type-1I distribution,

HEC-HMS 3,200 Existing iand use conditions with no
cffective storage. Modified Type-Il rainfall
distribution.

From Table 2.4, the {aDOT results are jower then FIS or HEC-HMS results. 1t is because the
1aDOT equations were derived for rural drainage basins and urban effects are not recognized. In
order to simulate the FIS discharges, madifications 1o the NRCS Type-Il rnnfall distrbution
were made.  The modilication was performed to account for the guick runoff response of
Dubugque soils. The hyetograph for each basin was developed using a 15-minute time increment
and a modification of the NRCS Type-II rainfall distnbution by including the 6-hour ranfall
hyctograph within the 24-hour hyetograph. This technique maintained the depth and timimg of
the 24-hour storm while incerporating the intensity of the 6-hour storm. Table 2.5 wabulales the
madified distnbution. This modification produced favorable discharges o the FIS discharges.

Coty of Dulrague, lowa Drainage Barin Master Ploan
Merthodologies 2-& Fall 20!



METHODOLOGIES
- ——— — — ]

Table 2.5
City of Dubuque 15-Minute Time Distribution for 24-Hour Sterm Event
Return Period Return Period
Time Tirme
Interval | 10-¥r | 50-Y¥r | 100-Yr | 500-Yr Interval | 10-Yr { 50-Yr | 100-Yr | 500-Yr
(hours) (hours}
0 0.000 | QOO0 | 0.000 01.000) g 0017 | 0023 | 4030 | 0053
0.25 0007 0009 | 0012 0.021 B335 Qo210 | 027 | 0036 | 0064
0.5 0010 |aD1s (0.HE (3.032 8.5 0024 {L032 0.042 (7
0.35 (01} {0014 | QIHE 0.032 275 D024 | 0032 0042 | 0074
1 .01 | 0014 | D018 0.032 0 0024 | 4032 | 0042 | 0074
1.25 0ma | 0D1s 0{HE (0.032 9.25 (.028 {1036 (1.058 (LOES
L5 0010 | 0014 | 0008 0.032 9.5 0042 | 05g | 0063 | 0085
L.75 0010 | G014 | D018 0.032 035 0042 | 4056 | 0063 | 0096
2 G013 | 0014 | 0018 0.032 10 004G | 06] 0.068 | 0094
235 010 {0014 | D018 0.032 10.25 0056 | 4075 | 0084 | 0112
a5 013 | G014 (ER0) B (0.032 10.5 0.056 (L0775 {LDE4 0127
275 0.010 | 0014 | 0018 0.032 10.75 0070 | (094 | 0.105 | G159
3 Lol | G014 0O18 0.032 11 0.070 {10G4 0105 0. 19]
1125 Q10 | 0014 | 0018 0.032 11.23 D095 | 127 1 0142 | 0223
35 (0010 | 0014 | DOIE (1.032 1.5 019 | 01ad | OI79 | 0276
375 0010 | 0014 | 0018 0.032 11.75 0,193 | (259 | O.289 1.104
4 0014 | 0018 | 0024 0.042 12 149y § 2007 2242 | 2930
425 0014 |08 | 0024 0.042 §2.25 (1396 | 0.531 0593 | 0.791
4.5 Q.14 | Q0E fi.024 0.042 12.5 (172 (0.230 0.257 343
475 0014 jO018 | 0024 (.042 1275 0108 0446 | NI6AY | 0.244
3 0014 [OO0IE | 0024 0.042 13 0.087 0118 | 0.131 0,191
5.25 0.014 | 0018 0z4 0.042 13.25 o777 0.103 0.ll6 Nn.159
5.5 0.014 | NOLE 0024 0.042 13.5 {1066 0.080 01040 0.138
375 004 | G018 | 0024 0042 1375 0.056 0.075 0084 | 0117
5 0.014 | OLWOIS {024 042 14 0.053 0.07] (.079 0.106
£.25 Q.O017 | 0.023 0.030 0053 1425 0.042 0056 0.063 0.096
£.5 0017 | 0.023 | 0.030 0053 14.5 0.042 0056 | 0063 | 0085
6,75 0017 (0023 | 0030 {3053 14.75 0.042 0056 | 0063 | 0.084
7 07 [ 0023 | 0.030 (053 15 0.039 0032 0038 | 0077
7.25 0017 0023 | 0.030 (1053 15.25 04024 0.032 | 0042 | 0074
75 00Ll7 0023 | 0.030 (053 155 0.021 0027 | 0036 § 0064
7.5 0.017 | 0023 0.0530 1.053 15.75 0021 .027 (L0368 (h 064
Ciry ef Dubiegue, fowa Drainage Batin Maiter Plan
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Table 2.5
City of Dubuque 15-Minute Time Distribution for 24-Hour Storm Event
Return Period Return Period

Tirme ‘Time
Interval | 10-Yr | S0-Yr | 100-Yr { 500-Yr Interved | 10-¥r | 56-Yr | 100-Yr | 500-YT
(hours) ' (hours}

16 0021 | 0027 | 0036 00064 20.25 0010 | 0.014 (.08 0.{}32
16.25 021 | Q027 | 0.036 (064 205 0010 | 0.014 | QOLR 0.032
16.5 002! | 0Mm7 0036 (1064 20,75 0,014 0.0114 Q018 {1032
16.75 0.017 | 0023 | 0.030 00153 2] 0010 | 0014 | 0018 032
17 (h017 | G023 | 0.030 0.053 21.25 0010 | 0.014 | 0008 0.032
17.25 0.017 10023 0.030 (1053 215 0610 (014 0.018 1.032
17.5 .017 | 0023 | 0.030 0053 21.75 0010 | 0014 | Q018 0052
17.75 0.017 | (.023 0.0130 0053 22 001a 0014 0.018 0032
18 0014 j005 | 0.024 0042 22.25 0013 | 04 | GOIR (0032
18.25 {1014 | Q.018 | 0.024 0.042 22.5 0010 | 0.014 | 0018 0032
18.5 0014 | Q018 | 0.024 0042 2275 0014 0014 Q.08 {032
18.75 0014 10018 | G.024 0042 23 Qo010 | 0014 | OB 0.032
19 N0l4 (D018 | 0024 0.042 2325 0010 0.014 0018 0.032
18.25 Qol4 | oMms | 0024 0042 235 £.a10 anl4 0018 (032
19.5 0014 | 0018 | D024 0.042 2375 001 ¢ 0014 | 00148 (L0327
15,75 {1014 | 0018 | 0.024 0.042 24 0.007 | 0.009 | .12 021
20 Qa1 | 0004 | 0{HE (032 Totals 4.5 6.0 7.0 i1.0

2.3.5 Channel Routing

Routing of flood {lows from the outlet of an upsiream subbasin to the next subbasin outlet was
accomphshed using the Muskinpum routing method i HEC-HMS. Data input for the
Muskingum consists of a storage correlation coefficient and a lravel time for 2 reach. The storage
correlation coefficient 15 a measure of how closely storage in the reach is related to outflow.
Based on sensitivity analyses performed dunng the project it was shown to be a relatively
insensitive varable. A value of 0.2 was used throughout the siudy area. The travel time through
a given reach was calculated using GIS and based on an assumed velocity of 3.3 fect per second
{1 meter per second).

2.3.6 Reservoir Routing

Reservoir muling was included in the model to account for the {lood attenuation effecis
associated with roadway siorage and existing and potential detention basins. The HEC-HMS
Madified Puls routing routines were vsed to simulate flow through the reservoirs using the level

City of Dubuque, lowa Brainage Basin Masrer Plan
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pool routing procedure. Thes procedure assumes the reservoir water surface remains effectively
level duning the rowting.  Stage-storage-discharge relationships were developed where storage
was effective by computing a stage-outllow relationship and combining it with the stage-storage
relationship far the upstream reserveir poel. The stage-storage relatonship was derived from
GIS mapping. Stage-discharge rating tables were developed using information on the outlet
works facihities oblained in the field. Assuming inket control, a stage-discharge relationship was
generated uging nomographs contained in the Federal Highway Administration’s (FHWAY}
Hydraulic Design Senes Ne. 4 (HDS-4).

2.3.7 CRWR-PrePro

A preprocessor was developed by the Center for Research and Water Resources (CRWR) at the
University of Texas, Austin, under the supervision of Dr. David Maidment. CRWR-PrePro was
used to develop the input data for the hyvdrologic medel.

CRWR-PrePro i1s a GIS preprocessor for the Hydrologic Engineering Center's (HEC)
Hydrologic Modeling Systermn (HEC-HMS}. HEC-HMS is cumrently being developed by HEC ag
part of the NexGen program of research. The purpose of CRWR-PrePro 15 to summanze data
from a GIS system for tnput to HEC-HMS. CRWR-PrePro uses strearn and subbasin GIS layers
as input data, Stream and subbasin data layers are required as input, and the software requires
the use of metnc vnits, The CRWR-PrePro analysis was executed using metric units and then
the output data, consisting of a HEC-HMS basin file, was convenied to English units. The
sysiem is written in ArcYiew Avenue programming language (Yersion 4.0.av).

The data sels must be in the same geographic coordinate system, and the input data must
accurately describe the hydrologic properties of the area. Emrors occur due to discrepancies
amang the stream and subbasin data layers.

The program code is orented around identifying hydrologic elements and the relationship
between these elements. Seven (7} hydrologic elements are identified: subbasins; sources;
reaches: junctions; reservoirs; diversions and sinks.

The step-by-step methodology for developing a HEC-HMS basin file using CRWR-PrePro is
presented below. These steps produce a HEC-HMS basin file, which is then imporned into HEC-
HMS3.

Ciry ef Dubuguie, lowa Drrairage Bosin Master Plan
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Table 2.6
Spatial Dala for CRWR-PrePro

Data Set Descripiion

DEM Crigital elevation model (DEM), 10 meter grid of elevations describing
topoeraphy. developed from the Digital Terrain Mode! (DTM) within the
DAGIS dataset.

34 Shape Nile of streems or reaches developed by the EPA. augmented by
DAGIS data,

LLi Land use shape file developed from DYAGIS data,

STATSGO State Soil Geopraphie database, soil classifications, developed by ULS.
Gealogic Survey

Aeral Photos | Aerial photography used for identifving structures and other features.

1. Develop a GIS Database- Spaual data representing the basin and streams is
compiled in an ArcView project file. The requited spatial daa sets are shown in
Table 2.6.

2. Imersect the stream shape fle with the DEM 10 assure the streams delineated from
the DEM match those from the EFA reach file (Rf).

3. Fill the DEM sinks so sumps do not cause incormect flow directions.
4. Compute the [low direction for each gnid point within the DEM.

3. Compute a Now accumulation grid based on the number of cells draining to each
point.

6. Construct a stream network based on a user defined accumulation threshold.

7. Streams may be added to the stream network if they were not ineluded in step 6.
B, Scpment streams into reaches.

9. Place cutlets ut the junctions of each streamn reach,

10.  Add additional outlets where necessary (i.e. at structures).

1i. Dehneated drainage areas from each of the outiets vsing the DEM.

12, Streams and dranage area grids are converted 10 vector shapefiles.

13, Subbasins may be merged.

14, Caleulate runoff curve numbers based on land use and soil classification.

15, Deterrmine Jag time based on hasin topography.

16, Determine Muskingum coefficients based on channel characteristics.
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17. Expor the data sel 10 a HEC-HMS basin file.
18. Impon the HEC-HMS basin file into a HEC-HMS project file.

2.4 HYDRAULIC MODELS

Hydraulic models were developed lor some of the drainage basins in the city of Dubuque for the
purpose of assessing food conditions mcluding water surface elevations and hydraulic capacities
of existing drainage structures, Peak runoff rates computed as pant of the hydologic modeling
were used in conjunction with the GIS and himited field data to develop open channel and closed
conduit hydraulic models. For the open channel model, water surface profiles were computed for
the 10-, 56-, 100- and 500-vear retumn penod flood events. The resuiting 100-year floodplain for
ultimate development with and without project conditions was delineated using GIS. A portion
of the North Fork Catfish Creek main channel was modeled with a hydraulic model. The closed
conduit model was used o analvze the hydraulics of the Bee Branch main storm sewer trunk
hine. The 10-, 50-, and 100-yvear retum pened Mood events were investigated. The following
sections describe the key elements involved in the hvdraulic modeling of ihe stream segments in
the City of Dubugue.

The Hydrologic Engineening Center — River Analysis System (HEC-RAS) was vused 1o analyze
open channel hydraulics. HEC-RAS 15 a hydraulic model developed by the US. Army Corps of
Engineers. The model is designed to periorm one-dimensional hydraulic calculations for a
network of natural and constructed open channels. The following assumptions are used by HEC-
RAS in computing water surface profiles:

s Steady Tow;
*  Gradually vaned flow:
e One-dimensional flow:

= (Channel slopes are small, less than 1:10

Although some of the steeper channels may exhibit supercntical flow charactenstics, it is
conservative 10 base the bydraulic analyses on subcritical flow, since the depth of flow for
subcrincal ftow conditions is greater than supercntical flow conditions.

XP-SWMM was used 10 analvze closed conduit hydravlics. XP-SWMM is proprietary storm
water modehng software based on the ULS. Environmental Protection Agency model SWhM
{Storm Water Management Model). XP-SWMM is capable of modeling unsteady flow ailowing
for analysis of changes in flow variables with time and attenaion of peak discharges as a result
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of storage. The lollowing assumptions are used in hvdraulie computations peformed by XP-
SWHMM:

s Gradually varied MNow:
#  One-dimensional (low; and

s  Subcritical flow

2.4.1 Maodel Schematic

For the open channel model, channel cross-scction geometry and [low lengths were obtained
from a triangular irregular mode] (TIN) developed from the digital terrain model (DTM). Cross-
seclion geometry was generated from the TIN and the US. Army Corps of Engineer’s HEC-
GeoRAS software in conjuncuon with ArcView’s 3D-Analyst which electronically generates the
HEC-RAS input files within ArcView. Brnidge and culvert geometry were obtained from field
meusurements. Manning’s roughness coefiicients were selected based on field observations and
interpretations from aenal mapping. Guidelines contained 1n “Open Channel Hydraulics,” by
Chow, were used when estimating roughness coefficients.

The closed condwit XP-SWMM model was generated based primarily on information supplied
by the City. The DAGIS storm sewer coverage provided the storm sewer alignment in the area
of interest. and model geometry was based on stormn sewer profile sheets with additionai
information obtained from the City's archive. Manming’s roughness coelhcients were selecled
based on conduit material information ftaken from stormn scwer profile sheets and
recomimendations made by City engincering staff.  Guidelines contained in "Open Channel
Hydraulics.” by Chow, were used when estimating roughness coeffrcients.

2.4.2 Model Calibration

Several high-water marks were evalusted for the May 16, 1999 storm event. This 1999 storm
was estimated to be a 75-vear return penod.  High-water marks were used for an order of
magnitude assessment of the model results. No additionat calibration of the hydraulic model was
performed.

2.4.3 Channel and Structure Improvements

Channel improvements were evaluated for a number of problem areas identified in the study.
HEC-RAS offers a convenient method for analyzing a range of channel improvement options
and jncludes computational procedures for estimating excavation volumes and computing
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revised flood levels with the channel improvement m place. Channel shaping and ciearing
improvements were considered 1n several reaches of the study area.

Storm sewer :mprovements involved expansion of storage and conveyance through installation
of additional conduits or construction of lNood control channels. Improvements were iteratively
incorporated into the XP-SWMM model and analyzed to assess their impact on flooding.

2.4.4 Drainage Criteria

The city plans to adopt drainage standardsfcnteria to be used as a gudance document for
designing and evasluating drainage facilities within the city’s junsdiction. Storm drainage
systerns shall be designed to convey runoff from a retum pened storm, dependent on the type of
drainage svstem facility.

In addition to providing storm drainage facilibes for the design runoff, drainage policies dictate
that provision shall be made to prevent significant property damage and lass of §ife from the 100-
year retum pened storm.

2.4.5 Cost Estimates

Cost estimates were developed for recommended improvements at each of the problem areas
identified on the major storm drainage system considered in the study. Component costs were
estimated based on typical unit costs for construciion. Contingencics (23%) were added to
account Tor estiimated quantities, unit price adjustments and miscellansous work melated ilems.
An additional 25% was included for administrative, legal and engineering costs. Right-of-way,
operation and maintenance and mitigation costs were not included,

Linit costs for specific components of improvement projects were obtained from the lowa
Department of Transportation 1999 bid tabulations. Unit pnce adjustments were made for large
projects w account for economy of scale.

2.5 WATER QUALITY

Erosion and sedimentation processes are natural processes accelerated by human activiiies,
especially dunng construction. Reducing ercsion and preventing sediment from leaving
comstruction sites offers the best opportunity to improve water quality of the cnvironment.
Ranlall on unprotected soil causes serious erosion and results in sediment being deposited in
drainageways and a general degradation of the environment.
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One major component of managing storm water runoff is the implementation of Best
Management Practices {BMPs). Iowa State University has published an erosion control manual
for construction site measures entitled “lowa Construction Site Erosion Control Manual”.  The
manual is o serve as a guide in selecting crosion control practices and preparing plans to reduce
erasion on construckion sites.

BMPs are operational lechnigues and/or structural facilities that can dramatically improve the
quality of storm water runoff. Operattonal BMPs reduce the opportunity for pellution to come
into contact with storm water runoff, whereas structural BMPs collect, concentrate, andfor treat
runoff. The costs to implement operational andfor structural BMPs are usually significantly less
than the costs associsted with remediauon damage resulting from inadequate storm water
management. Operational BMPs are much more economical and simplistic, so they should
generally be considered before structural BMPs.

When selecting any type of BMP, non-techmeceal issues, as well as technical issues, should be
considered. Technical izsues vary with individual BMPs, but broadly deal with site feasibility,
design considerations, and/or poliutant removal efficiencies. Technical tssues are generally more
involved for structural BMPs than operational BMPs.  Non-technical issues deal with the
cconomic, regulatory, and public aspects of selecting a BMP. These issues, among others,
include: federal, state, and local regulalions; real and perceived receiving water problems;
economic feasibility of BMP being considered and public acceptance of BMP being considered.

2.5.1 Operational BMPs

The goals of operational BMPs are to prevent pollutants from coming in contact with storm
waler by controlling the pollutants at their source. For this reason, operational BMPs are often
referred to as source control BMPs, Operational BMPs are non-structural controls generaily
associated with management practices that reduce contact between storm water and poliutants.
The effectivencss of operational BMPs is often highly dependent on stte-specific conditions, due
te the high vanability in pollutant source conditions; thus it is difficult to generate general
removal efficiencies. Source controls for urban areas can be grouped into the following general
calegories:

& Public education

s Streelstorm drajn system maintenance
= On-site materials management

¢ Planning and regional management

» [llicivaccidental controls
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Public education can be one of the most economical and effective pollution control strategies.
The goal of public educaton 1s (o change the way the public manapges many of the constituents
that end op 1 storm waler runoff, through awareness. The methods in which many houschold
products such as automotive fluids. cleaners, and ferulizers are used and disposed of can have a
profound effect an the guantities of these subsiances that come into contact with storm water,
and thus on the water quality of receiving waters. Many methods available for increasing public
education include radio/television advertisements, mailings, public meetings, and others.
Although public education 15 one of the simplest means of affecting storm water quality, its
effectiveness 1s highly vanable, and may be hard to dircctly measure.

Street and storm drain maintenance refers to the removal of pollutants from streel surfaces and
the periodic cleaning of storm drainage structures. This control may reduce the quantity of
pollutants, most notably sediment, entering the storm sewer system. Examples of this type of
pellution contral include strect sweeping, catch basin ¢leaning, curb and pulter cleaning, and
road and bridge maintenance.

On-sile matenals management deals with the practice of use, storage, and disposal of substances
that could pollute storm water runoff. There are many specific pollution controls for materials
management. however, they can be generalized into three groups:

= Altering the activity to minimize generation of potential pollutants
¢ Covenng pollutant sources, thus reducing their contact with precipitation and runoff

» Containing/segregating the activity containing source of pollutants from other
activities, 50 pollutants may be handled and disposed of separately

Examples of on-site materials management include: storing materials inside or under cover on
paved surfaces. minimizing slorage and handling of hazardous materials, secondary containment
to reduce leakage, and choosing safer altemative products.

Planning and regional management refers to practices by local governments aiimed at reducing
pollutants in stormm water on a regionzl basis, especially these loadings from new development
areas. Land use controls and loodplain management practices are the typical mechanisms for
this type of poallution control. Examples of planning and regionzl management include: buffers
and sethacks from all water bodies, zoning ordinances for open areas, regulations for sediment
control measures in new developments, and use of vegelated nawural channels.

Ilficit and accidental control BMPs can be used 1o reduce intreduction of pollutants to storm
sewer svstems through illegal or aceidental activities. These activities are oflen relaled, because
a responsible party may not even be aware of the detrimental impacts of an illegal or accidental
discharge to the storm sewer system. Examples of ilhcit and accidental controls include:
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detection, removal, and enforcement svstem for illegal connections/dumping through inspections
or source lesting; public notices; and accidental spill information boardsfhotlines.

2.5.2 Structural BMPs

The goal of structural BMPs is te reduce non-point source pollution by collecting, concenirating,
andfor treating storm water runoff. Unlike operational BMPs, which are often simply techniques
for source control, structural BPMPs are physical entitics that are strategically localed within a
drainage area. The benelit of having purposefully located and designed entities s that it
facilitates tabulation of general pollutant removal efficiencies for different structural BMPs.
However, the disadvantages are higher initial cost, more complexity, and required mamtenance.
Overall, structural BMPs are most applicable to developing and redeveloping arcas, since
constructionfimplenmieniation costs are less and site location 1s easier,

Structural BMPs are strategically located and designed to maximeze their beneficial impact on
stormn water quality for an area, and to minimize implementation and operationai costs. This
benefit/cost feasibility analysis for selecting a structural BMP can be grouped into five general
categones:

s Physical smtability

+ Hvdrologic conditions

= Pollutant charactenisucs and removal capabilines
» Environmental and acsthetic factors

» Crperational factors

Physical suitability of a site refers to the technical feasibility cnitena related to physical
canditions, such as topography, required land area, contributing drainage area, soil types, and
water availability. Physical suitability is often one of the first considerations when selecting a
structural BMP since it 15 not feasible or possible 1o change many of the factors, and 1t can
dramatically affect the usefulness of a given BMP.

Hydrologic criteria focus on the hydrologic charactenistics (or a2 given design storm event, such
as storm water runoff volume, distribution, and peak discharge. It should be noted that the
coneepts 1n designing water quality controls are different than those for water quantity controls.
The highest concentrations of pollutants are often found in the beginning of storms, often
referred to as the “first (Tush™ stage. Tn this stage. built-up pollutanis are being washed off the
land surface and potential dilution effects are neghpible. Thus, water guefiny controls are
designed for smaller, more frequent storms, whereas water guaniify controls focus on larger, less
frequent storms, which cause flooding and other damage.
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Environmental and aesthetic Tactors refer to the impacts a streclural BMP would have on the
environmetit- how it would affect the agesthetics of the area. Examples of environmental and
aesthetic faclors include maintenance of low flows for aguatic life, streambank erosion.
recreational benefits, and community acceptance.

Operational factors are mamly concemed with the amount and type of maintenance a piven
structural BMP requires. Generally, structural BMPs have a passive design, meaming that there
15 no active operation of mechanical or chemical equipment. However, almost all structural
BMPs require periodic cleaning and maintenance to keep them working efficiently.

The following List includes a number of different structural BMPs that are commonly used to
improve water quality of storm water runeff:

= Swales

» Filter strips and vegeiative buffer zones

* Infiltraton basins and percolation trenches

= Detention controls and constructed wetland basins

« (il and water separators

Swales arc shallow, vepetated, mildly- sloped channels that convey storm water runoff. They are
designed for low velocity flows during small storms to allow mfiltration of stonm water into the
swale bottom, and filtration and biological uptake of poliviants into the vegetative cover—
collectively referred to as hiofiltranon. Swales are applicable in most mildly sloping areas, due
to their relatively low space, cost, and maintenance requircments.

Filter strips are similar (o swales, except they do not have side slopes, thus runoff is spread
evenly through the filter stnip arca as sheet [low, rather than through small channeis. Treatment,
cost, matntenance, and applicability arc similar to those of swales. Vegetative buffer zones arc a
specific type of filter stoip surrounding or “buffering” a water body, so as 10 remove pollutants
belfore reaching the recetving body.

Infiltration basins and percolation trenches are systems that enhance the potential Tor storm water
runoff to percolate into the soil. These systems consist of a structure or trench filled with z filter
media such as sand or gravel, which allows percolation into the soil. Infiltration basins and
percolation trenches only work with porous soils, favorable site geology, und proper groundwater
conditions. Infiltration devices are gencrally effective in the Dubuque area unless the silt loam
layer is shallow and undcer l2in by bedrock.
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Dietention controls consist of both dry detention basins, which completely drain out between
storm events, and wet retention ponds, which maintain a designed level of water between storm
events. Constructed wetland basins are complex wet retention facilities that have additional
construction and biological requirements, but often provide increased pollutant removal. The
primary mechamsm {or pollutant removal 15 sedimentation.  Wet retention ponds provide
additional removal through physical and blochemical processes, such as reduction n bottom
scour and increased vegetative growth in the permanent pool. In addition 10 good pollutant
removal. detention facilities also can provide reduction 1 peak runoff flows. Detention controls
are most applicable where relatively large tracts of land are available, such as parks and
industrial facilities.

2.6 DEVELOPMENT OF RECOMMENDED PLAN

2.0.1 General

Investigations of structural looding and roadway overtopping were conducted for the future
development conditions. Runoff from the future conditions was routed through the existing
channels, culverts, and siorm drams.

2.6.2 Structural Flooding

A 00-vear floodplain delineation was created in ArcView using the cxisting conveyance
elements and the ultimate land usc runoff estimates for the segment of channels analyzed. Using
the GIS topographic coverage and the 10{)-year floodplain, flooded structures were 1dentified.
Finished Moor elevations were not surveyed.

2.6.3 Roadway Overtopping

Rouadway overtopping is defined as transverse flow over a roadway resubing from flooding of an
adjacent channel. Roadway avertopping was estimated for the 10-, 30- and 100-vear storms.
Roadway crest clevations were determuned from the 1999 City of Dubuque 2-foot contour maps
and the TIN generated from the City DTM. A maponty of the roadway crest clevations at creek
and (mhutary crossings were identified by survey using spot elevations. These spot elevations
were venfied by interpolation between roadway GIS conlours at crossing locations,
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Roadways adjacent to or crossing the storm drainage system were classified as residential,
collector, minor arerjal, and principal artenal. Roadway classificanons were established using
the following general definitions:

= Residential — internor streets in subdivisions and residential areas

e Collector — streets that direct subdivision and residential traffic to artenal roadways

» Minor Anerial - major streets directing collector traffic w other collector streels and
freeways

» Principai Antenal — any U.S. or state designated roadway

The roadway overtopping critena are summanized below in Table 2.7. In this table, the design
storm is the [lood event the culvert or storm sewer must pass o meet the critena. For example, a
residential roadway cannot Mood in the 10-year storm to meet the criteria but may flood in the
30-year storm.

Table 2.7
Roadway Overtopping Desipn Storms
- . 100-Year Maximum
Rondway Design Storm
Classification : (year) Mlﬂ;lil::e(ﬁ%th of
Residential 10 Mo maximum
Collector a0 1.5
Minor Arnterial 50 1.0
Principal Artertal 100 i 0.0

2.6.4 Flood Minimization Alternative Improvements

A list of flood minimization aliernatives was compiled based on experience from past master
planning and floed control activities with consideration for the unigue wpography in and arcund
the City of Dubuque. Altermatives considered to have potential benefit in the City of Dubuque
are shown in Table 2.8, A bref discussion of each alternative 1s given below,
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Table 2.8
Flood Minimization Alternative Improvements
Nonstructural Alternatives Structural Alternatives

Public Education/Cutreach Rehabiliuae/Expand Capacity of Existing Facilities
Floodplain Buyout Create Upstream Detention
Flood Proofing Flood Contrel Channel
Flood Waming System Relief Storm Sewer
Do Nothing Transhazin Diversion

Deep Storage/Pumping Tungel

Pressure Sewer System

2.6.4.1 Monstructural Alternatives

Nonstructural altemmatives focus on minimization of property damage or less of life Lhrough
means other than construction of detention and conveyance facilities. They involve public
awarencss of flood dangers, protection of propenty from floed damages, and removat of
individuals from flood prone areas.

Public Education/{Jutreach

Public education programs can be instrumental in reducing flood losses and future flood
causalities. Public outreach can include a development of public programs to provide emergency
shelters and first aid dunng 2 flood event, emergency services to assist in evacuation of
residences, and educational programs inlended to inform cinizens of required safety practices
before, during, and after a Flood event.

Floodplain Buvont

After the delineation of the [00-year limits of flooding, a program to acquire and remove MNood-
prome structures may be feasible in reducing or eliminating {looding problems. This approach
may be considered for cleaning the entire (loodplain or as a parial solution in isolaled areas
where coverage by a structural solution exceeds the value of isolated structures.  Floodplain
acquisition programs have been used successfully in many communities and may be useful in
reducing {lood hazards in Dubuque.

Flood Proofing

When structural flood control altematives are found to be cost prohibitive, flood proofing is an
altemative that should be considered to reduce flood impacts. Installation of a variety of flood
proofing systemns would be required in order to meer the vaned needs of the structures iocated
within the [lood-prone areas. Flood proofing facilities may range from structural modifications
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to reduce or eliminate damages from Hooding to educational programs informing citizens how to
protect their property or remain sale dunng a llood event.

Structural measures are usually implemented in commercial or industnal setings where
personnel are available to operate and mayntain floed proofing devices.  In residential
applications, flood proofing is typically limited to the relocation of vital residential systens such
as heating, cooling, water heaters and laundry areas to safe flooding areas. The relocation of
electrical services to areas above the anticipated water surface elevation also is required.
Frequent]y casualties during MNooding relate to structural failures of basernent and loundation
walls. Public education is an effective means to inform people of these dangers.

Flood Warping System

A {lood waming system would be z critical element 10 the development of a lood proofing
strategy. Flood waming systems can be designed to provide advance notice of a potential Food
gvent by installing (lood monionng, rainfall indicators and storm sewer (low monilors in
upstream areas. In the City of Dubuque, a flood waming system could be utilized to monitor
lNood conditions in various detention faciliies including Ice Harbor, Maus Lake, the L6th Street
Detention Cell and the West 32nd Street Detention Cell. This information would be valuable lor
managing operations such as pumping and gate closure operations as well as prowvide information
as to when flood warming alarms should be sounded.

Because of the steep basins and high rate of storm water runeff in Dubuque, a llood waming
system would not provide a meaningful amount of time. The City also should consider the
possibility that a lood waming syslem may encourage people to leave their homes and try to
evacuate when such evacuation is not possible due 1o the shonl notice time and high congestion
of the area. If the flood waming system were used. it would be impenant to provide a public
education/outreach program that would inform the people of the correct responses to the flood
WHTNING 5¥Sem.

Do Nothing

If the public is not concemned about the frequency and magnitude of Nooding problems in the
communily, no action is an altemmative. Flooding problems should be monitored and appropriate
sleps taken 1o eliminate the loss of hife,

2.6.4.2 Structural Improvement Altematives

Structural alternatives involve the construction or improvement of municipal facilities with the
specific purpose of limiting the extent and depth of {looding and thereby reducing the potential
for property damage or loss of life. Structural altermatives include detention areas to capture
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runotf, expansion of conveyance through Nood prone areas, or redireciion of fiood fiows away
from populated areas.

Rehabilitate/Expand Capacity of Existing Facilities

Increasing the volume of existing detention cells or modifying delention cell outlet works to
discharge {lood flows could have a significant effect on fiooding. Detentien of larger volumes of
water in the upland areas of the City weuld reduce (looding in low areas near the Mississippi
River and provide relief for storm sewer systems unable to convey runoff from exireme storm
events. Increase in volume or the size of gravity cutlets and pumps in detention cells adjacent to
the Mississippi River would draw walter out of the Couler Vailey area and discharpe 1t 1o the
Mississippi River more quickly, thereby funther reducing ficoding depths.

Repair or replacement of storm water convevance systerns where development has exceeded the
systern's capacity could decrease or eliminzate flooding problems due to ponding in both the
upland and lowland areas.

Create Upstream Detention

Creation of detention in undeveloped, upland areas would decrease peak discharges and delay
the large volume of storm water runoff draining toward the Couler Valley area. Detention could
be created by constructing embankments to contain the water in the steep valleys and ravines
charactensue of the terrain in the Dubuque arca. When an upstream open space 18 not available
for the development of detention, it becomes necessary to identify occupied sites that can be
converted o potential storage locations.

Flood Control Channel

Conveyance of runoff through flat, heavily developed areas may require capacity in cxcess of
what can be provided by a closed-conduit storm sewer system.  Construction of a large (load
control channel through the developed areas would provide a significanl increase in conveyance
and storage and could have a large impact of the Nooding problem. This requires the purchase of
private and commercial property and the relocation of individuals, businesses, roads, and
utilities. Investigations should also be undertaken to ensure the pathways runoff takes dunng the
design Nood event (o reach the flood control channe] are non-damaging pathways.

Relief Storm Sewer

Construction of a relief storm sewer to expand the capacity of major trunk lines in the system
would have a simtlar, although less dramatic, effect than a (lood contrel channel. The increase in
conveyance would deliver water to the Mississippi River more quickly and decrease flooding in
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the low-lving arcas. The benelicost ratio would be substantially lower than that of the (lood
contrel channel; however, its construction would have a less dramatic effect on the community.

Transhasin Diversion

Rather than convey runoff from the upland areas through the heavily developed areas, water
could be divened away and allowed to take another path 1o the Mississippi River. One such
opportunity would be the diversion of flows enlenng the Couler Valley area from the north to the
Little Maguoketa River.

Deep Storage/Pumping Tunnel

Considenng cumrent tunneling technologies, the construction of a deep tunnel far beneath the
surface is an alternauve that may be considered. This zliermative woold construct a facility
consisting of a large diameter tunnel shaft in the lowland area of the ¢ity to be used as an
underground storage reservoir. Existing sewers could be connected to this facility by service
shafts at appropnate high low connection points. A pumping station would be required to
evacuaic the system after storm events. This type of facility would be technically very
challenging: however, it would provide mimimal impact 1o existing development and utilities.

Pressure Sewer System

An effective alternative to reduce downstream flooding would be to provide piping from upland
arcas that transport large volumes of floodwater directly to the Mississippi River and bypassing
the 16th Street Deiention Cell. These new sewers would Jikely be located in the existing street
rights-of-way and would require extensive reconstruction of existing utilitics as well as street
surfacing rcconstruction.  To minirmize the impact of construction on existing facilities, the
pressure sewer system could also be constructed using rock/earth tunneling technology.
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NORTH FORK CATFISH CREEK DRAINAGE BASIN

3.0 NORTH FORK CATFISH CREEK DRAJNAGE BASIN

3.1 GENERAL DRAINAGE BASIN DESCRIPTICN

The North Fork Cathish Creek (Nonh Fork) Drainage Basin is located in the southern vicimty of
the Dubugue mumicipal himits and is shown on Figure 3-1. The drainage basin measures
approximately 3.9 square miles, with a majority of the drainage area being contained within the
Dubuque boundary limits. A small portion in the west pan of the dramnage basin extends into the
City of Asbury’s junsdiction. The drainage area is roughly bounded by Asbury Road 10 the
north, Pernsylvama Avenue, Umversity Avenue and Brunskill Road to the south, Radford Road
to the west and Grandview Avenue 1o the east.

The Nonh Fork Drainage Basin is relatively steep. with an average terrain slope of around 6
percent. The overall siope of the main channel is approximately 1 percent. Elevations in the
drainage basin range from 680 ft NGVD at the conlluence of Nonh Fork with Middle Fork
Cathish Creek to 950 ft NGVD in the upper reaches of the drainage basin. Figure 3-2 shows the
range of slopes for the North Fork Drainage Basin, The steepest slopes of 15% or greater are
located slong the main channe] and near the conNuence with Middle Fork Catlish Creek.

Information on the soil types and characienistics in the North Fork Drainape Basin was compiled
by developing a digital soils database in GIS. Table 3.1 shows the relative representation and
general hydrologic charactenistics for the different soil series found in the North Fork Drainage
Basin. The North Fork Drainage Basin consists of over 25 different soil types, of which the
Fayette-Lirban land compiex and the Rozetta-Eleroy silt loam senes account for close to 50
percent of the total drainage basin arca. The majonty of the Fayette-Urban series are lacated in
the lower two-thirds of the drainage arca while the Rozetta-Eleroy series are primarily locatad
along the channel west of Nonhwest Anenal and north of Hillcrest Road. For modeling
purposes, Lhe different soil types were grouped by the NRCS hydrologic soil tvpe as Type A, B,
C, or D. Neurly the entire drainage basin consists of Type B smls, as depicted in Figure 3-3.

Cirv af Dubuyve, fowa Drainage Basin Master Plan
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Table 3.1
North Fork Catfish Creek Drainage Basin
Soil Type Summary

Sofl Series General Hydrolegic Characteristics Texture Number of o Area
Polygons
Fayetle-Urban {3 t0 14% slopes) Moderately sloping Sile i7 3G

(4103C, 41630 | welldrained soil on shorl. convex side Loam
slopes in the uplands. Moderate
permeabiiity with rapid runoff.
Rozetta-Eleroy | {9 to 18%: slopes) Moderately eroded, Silt 18 5
(563E2, 563D2) | strongly sloping. moderately well driined | Loam
soils on convex side slopes of the uplands.
Rozetta soil on the upland areas and
Eleroy adjacent 1o dratnageways.
Moderate permeability with rapid runoiT,

Orhents Gently sloping soils in cut and fill areas, | Loam 11 17
(50408} highly varialbe dminage, moderate (o
slow permeability. runoff is slow to
medium
Fayetie Sih {3 to 14 % slopes) Moderately eroded, il 46 7.3
Loam {163C2, moderately sloping, well drained. Loam
16302 moderate permeability, medivm runcf
Various scals, 18 soil types ranging from | Silt B4 184
0.01% to 4. 5% area. Loam
Total Percent Area 100.0:%

Source: Soil Survey of Dubuegue County, lowa: 5C5. December 1985,

The drainage system in the North Fork Drainage Basin consists of both natural channel and
closed conduit sections. The main channel is a natural carthen channei and numerous storm
sewers convey runoff to the natural channel. The majonity of the storm water conveyunce system
consists of open channels, and the 18 miles of the drainage system modeled consist entirely of
open channel sections. Of the total 18 miles of conveyance iength modeled, 11 miles are major
crecks and tnbutaries. The remaining 7 miles are smaller tributaries and drainageways.
Although there are a number of smaller creeks i the North Fork Drainage Basin, North Fork is
the only major creek. The flooding problems in the Nonh Fork Drainage Basin are confined to
the open channels system; therelore, the slomm sewer system was not modeied.

A lsmd use database contaiming information for uliimate developmem was created based on the
DAGIS 1999 Comprehensive Land Use Plan and supplemented with land use pmjections made
by City staff. Land vse classifications in MNorth Fork range from open spaces to industnial, with
the majority of the drainage basin being classified as low density and medium density residential

Crity of Duibugue, Liwa Drairage Basin Master Plan
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and commercial land uses. The breakdown of Jand use within the North Fork Dratnage Basin for
ulimale development s shown in Table 3.2 and Figure 3.4,

Table 3.2
North Fork Catlish Creek Drainage Basin
Land Use Summary
Land Use Classification Area (acres) % of Area
Sireets 235 9.2
Industrial 6 02
Commercial 345 13.5
Institutignal 139 35
High Density Residential 119 4.7
Medium Density Residential 396 15.6
Low Density Residential 08 37
Agmicultural 120 7.5
Open Space and Cirass 7 12.1
Total 2,545 M O %
Saurce: City of Bubugue. lows Comprehensive Land Le Plan, 1999,
Mole: Water hodies are neorporared into adjacent pasce] land wse cacpones,

Few flood control measures have been implemented in the Nenh Fork Drainage Basin, other
thart minor channel medifications on the main channel and some of the tnbuturies. The Norh
Fork Drainage Basin is one of the few drainage basins in which regional detention of storm water
runoff may be a viable altemalive for Mood control. Regional detention is most effective when
applied in the upper portions of the drainage basin.  Natural detention upstream of several
drainage structures offers an opportunity 1o reduce the discharge and waler surface elevations
downstream. As the drainage basin becomes more developed, the number of avalable delention
sites is reduced and deiention options are thereby elimjpated. Regional detention sites were
anglyzed along with channel improvements that can be implemented as a potential means of
flood control in the North Fork Drainage Basin.

3.2 FLOOD HYDROLOGY

The HEC-HMS mode] was utilized to compute the peak runoff rates for the 10-year, 50-year,
100-year and S00-year return period storm events. Runoff hydrographs were developed for each
storm event for ullimate developmem condition, as defined by the City's comprehensive land use
plan. Figure 3-5 depicts the subbasin delineation, while Figure 3-6 is a schematic of the HEC-
HMS model for the Nonth Fork Drainage Basin.

Ciry of Dubugue, lowa Drainage Basin Muster Flun
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Table 3.3 provides a summary of ultimate peak runoff rates for selected slorm events at key
locations in the Nonh Fork Drainage Basin, A summary of the peak runofl rates for all sub-basin
hydrographs can be found in the Hydrologic and Hydraulic Appendices.

Table 3.3
North Fork Catlish Creek Drainage Basin
Peak Runolf Summary for Existing Drainage System Conditions

14
HEC- Drainage Peak Runoff Rate {cfs)
Structure | [AMS . . .
2 Location Area S
Id. No. Nod;: (sq. mi} 10-Year 50-Year | 100-Year | 500-Year
Main Channel
NF-5T-1 26 Brunskill Raad 18 1,930 2,720 3130 4.220
NE-5T-2 2z US 20 (Dodge 510) iz 1650 2210 2.4%0 3000
NF-5T-3 49 University Ave. 30 1,630 2,150 2420 253
NF-ST-4° 18 LF. Kennedy BEd. & 21 1400} 1380 2,080 2,580
Pennsylvania &ve.
NiF-5T-5 g Ky way 1.7 1,230 1,900 2280 3.230
NE-5T-& 35 Rorsemnomt 51 .94 aR0 430 10740 1930
NE-5T-T 10 Warthwest Anerial .52 240 460 650 1.160
NF-5T-E 36 Sunnyslope .26 460 Lt 770 1,080
NE-5T.2 3 Radiord Road 0.16 270 404} 40 650
NF-5T-10 5 Saratoga Road 004 Gt 130 164t 230
Tributary Mo, }
NE-T1-ST-1 | 57 | Prunskill Road | 041 a0 I 710 850 | 1240
NF-TI-ST-2 | 54 | LS20(DodgeSty | 0.4 170 270 20 | 470
Tributary Mo, 2
NF-T2-5T-1 i3 Hillerest Raoad 0.41 370 G50 S04 1.230
NF-T2-5T.2 30 Ashury Road 0.1 180 2o ia0 530
WF-T2-5T-.3 29 Ashury Road 0.0 a0 50 &0 1K)
Tributary No. 3
KF-T3-5T-1 | 12§ ~NW Ancrial 024 270 390 460 550
NE-T3-5T-2 13 Emhbassy West Dr. 0,10 110 170 210 I

Naores:

Peak uniff rates based on ultimate Jand use condition and simulation of a 24-hour storm event.

Sce Fipore 3-1 for Incation of swacture wientification number.

See Figure 3-6 [ar kwation of HEC-HMS node and idenlifcation number.

Peak discharges eported are outflows from the specificd nodes.

Pcak discharges are atienuaied by siarage upsiream of the Pennsylvania Avenuee roadway embankment and Nooding of the
1L F. Kennedy FoadPennsylvania Avenuee inkersection.

Mk b —
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]
3.3 STREAM HYDRAULICS

HEC-HMS and HEC-RAS were used 1o determine the stream hydraulics of the channel and the
bridges and culverts on the main channel and tnibutanes studied. A tota] of 16 road crossings
were anglyvzed in the North Fork Dranage Basin. A summary of the hydraulic capacity for each
of the crossings studied is presented in Table 3.4 for the 10-, 30- and [00-year storm events.

Table 3.4
North Fork Catfish Creek Drainage Basin
Existing Hydraulic Capacity of Stream Crossings Summary

Structare _ _ Minimumn Depth of Overtopping (ft)*
"""""g:’:”““" Location Dgfeffﬁﬁ:ﬁg 10-Year 50-Year 100-Year
Main Channel
NE-5T-] ! Brunskill Road T04.4 Mo hydraulic analysis required.
NF-ST.2 US 20 (Dodge Street) 758.2 0.0 0.0 D
NE-ST-3 University Avenue 7438 0.0 0.0 i o0
NF-§T-4 ; ;_;I:i;?‘“::i Road& 1 70 0.0 0.0 34
NF-5T-3 Keyway’ 789 i.3 21 24
NE-ST-6 Rasemant Streel” §12.7* 1.5 1.y 2.4
NF-5T-7 . Morthwest Arerial 8356 0.0 1.2 17
NF.-5T-E Sunnyslope 858 4* 0.0 0.2 0.4
NF-ST-9 Radford Road R64.2° 0.0 02 0.3
NE-ST-10 ' Saratopa Road 865.94 1.1 12 1.2
Tributary No. 1
NF-TI-ST-1 | Brunskilt Road 703 8 0.0 0.0 ] 0.0
NE-TE-5T-2 L VS 20 (Dodge S} a2149 0.0 L 0.0
Tributary No. 2
NF-T2.5T-1 | Hillerest Road 108 0.0 1 05
NF-T2.5T-2 | Asbury Road 8558 0.0 0.2 0.3
NF-T2-ST-3 | Asbury Road 9001 0.0 0.0 I
Tributary No. 3
NE-T3-5T-] NW Arierial 8356 oo IEH 0.0
WF-T3.5T-2 Embassy West Dnive g43.1" 0o 0.0 0.0
Maates:

Minimum overopping depth elevation based on topegraphic survéy, unless otherwise noted.
Deplh of overiopping obtamed from HEC-HMSE analvsis. unless otherwise noted.

L

3. [epth of overinpping hased on HEC-RAS analysis.
4. Mimumuem overopping elevation hased on minimum roadw ay elevation ohtained by imerpolating DAGIS mapping-
Citv af Duiduegues, fonvg Dvainage Barin Marier Plan
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The standards/criteria for passing the design lood event without readway overtopping were used
to cvaluate each crossing. A summary of the hydrautic capacity and retum pened for each of the
crossings studied is presented in Table 3.5

Table M5
North Fork Catlish Creek Drainage Basin

Existing Hydraulic Capacity and Return Period of Stream Crossings Summary

Structure Existing Rosdwa Hydraulic Capacity Return
Identification |  Location Structure | 0 SSENE Period
Na, Type Required | Actual
Main Channel
NF-5T-1 Brunzkill Road Bridge Cullector Mo hydraolic analyiis requited.
NE-5T-2 US 20 (Dodge St.) ] 268 % 153 Frincipal Anwrial | 100.yr with ¢ GT 1{0-yr
CAF overlop
NF-5T.3 University Avenee | 127 x j2.2° Minor 50-yr with I GT 100-¥r
RCBE Arienal overtap for
100-yr
wF-5T-4 JF. Kennedy Road | 14.5 CMWP Principal Anenal | 100-yr with 00 [ 0.9 cverwop ot
& Permsylviania overtap 50-yr & 3.4" for
Ave. ILLISY
MF-5T-5 Reyway Z- 65 RCP Coilecior 50-yr with 13" | 2,17 avertop for
overiop for 30-yr & 2.4 for
100-yr 100-yr
NF-5T-G Rosemont Street & RCP Collecioe 50-yr with 1.57 | 1.9" oventop for
orveriop for Slhvr & 24" for
100-yr 10y
NE-5T-7 Morihwest Arterial | & RCP Principal Arerial | 100-yr with 0° [ 12" overtop for
overtop a0-vr & 1.7 for
Ly
NI-5T-8 Sunnyslope 3- 4" RCP Residential 10-vr with no 10-vr with 04"
1 O0-¥T max. overtop for 100-
overtap wr
NEF-53T-4 Rudlord Road 2-35 RCP Collector 50-yrwith 1.37 | 0.2 overtop for
overtop lor 50.vr & 0.3 for
100-yr 100-yr
NE-5T-10 Saratgps Road OTRCP Y Residential Mi-yr with no 1.1" overtop for
RECF L0 vr max. 18-vr & 1.2° for
overtop S0-vr
Tributary No. |
NF-T1.5T-.t Brupskill Road GI 36 Callector S0-yr with I OT 100y
RCB averiop for
100-yr
NF-T1-5T-2 US 20 (Dodge 81} | 47-9"x 6°-17 Principal Arterial | 100wt with 0" | GT 100-yt
RCATY overtop
49 x 5.8
RCE
Cay of Drbugne, fowa Drainage Basin Master Plan
Nerth Fork Catfish Creek Drainage Basin J-6 Falf 2001
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Table 3.5
North Fork Catlish Creek Drainape Basin
Existing Hydraulic Capacity and Return Period of Stream Crossings Summary
Structure Existing Roadway Hydranlic Capacity Return
1demtification Localion Structure Classification Period
_No. Type Required - | _ Actual
Tributary o, 2
NF-T2-5T-1 Hilicrest Road T RCP Collectar 3yt with 1.5 | 3017 overtop for
averlop for S-yr & 0.5 for
100-yr 100-we
NE-T2-5T-2 Asbury Road 3 RCP Minor 50-yr with I° 0.2 overtop far
Arerial averlop for Fhyr & 0.3 for
1080y 100y
NE-T2-5T-3 Asbury Road 35 RCF Minor Arienal 30yt with I’ GT L{N-vr
overtop for
108-yr
Fributary No. 3
WF-T3.5T-1 NW Arterial & RCP Frincipal Arterial | J00-vr with 0" | OT 100.yr
QVErOp
&E-T3-5T-2 Embassy West 3. 1.5 RCP Residential LO-yr with nn | GT 100-yr
Dirive 100-yr max.
averop
NS
. Hydravulic capacity at minimum roadway ¢levation,
2. CAP - concreie arch pipe. RCB-reinforced concrele bux culvert. RCP = reinforced conceete pipe, CAWP - comrugaled metal
pipe.
3 GT - Greater Than, LT = Less Than
4. Roadway classihcation based on Chy of Dubugue’s stres classiication indes,

3.4 PROBLEM AREAS

The NMood hydrology and siteam hydraulics models provide the results needed lor identification
of areas that are not jn compliance with the City's drainage standardsfcniteria. Problem areas in
the Norh Fork Drainage Basin range from flooding of residential structures to inadeguate
conveyance systems. Figure 3-7 illustrates the locations of the identified problem areas. A
description of cach of the identified problem areas is also presented in Table 3.6 and the
following section.

City af Dubugue, lfowa

Dratnage Basin Marter Plan
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Table 3.6
North Fork Catfish Creek Drainage Basin
Identified Problem Area Summary

Siructure . ' . -
Identification No. Location Criteria ¥iolation
Main Channel
NF-5T-4 IF Kennedy Road & | 50-year flood event overtops for ultimate land use
Pennsylvania Ave. conditions, but is contained within the street,
MNF-5T-5 Keyway 10-year flood event overtops for ultimate land use

conditions. Four (4) structures are within the 100-year
floed leve! for ulimale runoff conditions.

NF-5T-6 R.osemont Sireet 10-year flood eventl ovenops for ultimate land use
conditions. Eight (§) structures are within the 100-
yedr Nood level for vitimate runoff conditions,

MNFE-5T-7 Morthwest Arterial 50-year flood event overtops lor ultimate land use
conditions,

NF-5T-% Radford Road 50-year flood event overtops for ultimate land use
conditions,

NF-8T-10 Saraloea Road 10-ycar {lood event overtops for ultimate tand use
conditions.

Tributary Nao. 2

NF-T2-8T-1 Hiilerest Road 50-year flood event overtops for ultimate land use
conditions,

MF-T2-5T-2 Asbury Rd S0-vear flood event overlops for ultimate land use
conditions.

Specisl Problem Area

Hillcrest Road & 1060-year flood event overtops for existing land use
Rosemont Street conditions.

The ILF. Kennedy Road & Pennsylvania Ave. (NF-ST-4) culvent 15 overtopped during (lood
events exceeding the 50-year event. The Mooding is restricted to the street: therefore, no action
i5 required.

The matn channel and the drainage structures from the Northwest Artenial o Keyway cause
structural damages and are overtopped during flood events with less than a 10-vear retum period.
The drainage improvements for this reach are discussed in a subsequent section.

Saratoga Road (NF-5T-10) crosses the North Fork with a 30-inch RCP /36-inch RCP. Ulimate
development conditions are projecied to tncrease the peak flow at this site such that the 10-year
Nood event will overtop the roadway. Improvements recommended to upgrade Saratoga Road to
pass a2 10-year lood event include enlarging the exisiing culvent by adding a 36-inch RCP.

Ciry of Dubugue, lowa Drainape Basin Masier Plan
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However, these improvermnenis are within the City of Asbury’s jurisdiction, so the City of
Dubugue would not be directly responsible for the estimated 521,000 required for the proposed
IMpProvement.

The Hillerest Road structure (NF-T2-5T-1) crosses Trbutary No. 2 batween 5t Ceha Street and
Winnie Court. Two (2} options are recommended which includes either detention siorage or
drainage structure improvements. The [00-year peak discharpe is nearly 8300 cfs and the total
runoff volume is 96 acre-feet for the existing land use condition {agncultural}). To contain the
peak storm volume, the detention volume behind Hillerest Road must be increased from an
existing storage volume of 7 acre-feet to 16.3 acre-feet 10 eliminate roadway overopping at
Hillcrest Road.  The estimated cost for a detenuon proposed improvement is $76,000. IfF
detention 1s not viable, the ceivert must be increased from an 84-inch RCP 1o a 108-inch RCF in
order to pass the existing peak [low without roadway overlopping. The estimated cost for the
proposed drainage structure impravement is $100,000.

The Asbury Road siructure {NF-T2-ST-2) crosses Tributary No. 2 between Nonhwest Arenial
and St. Celia Streat. Ultimate development conditions are projected 10 cause minor ovenopping
of the roadway for the 50-year Mood event. Since the flooding is less than 0.3-foot, no proposed
improvements are required.

Another location where local Nooding 15 a probiem is at the intersection of Rosemont Street and
Hillcrest Road. Two {2} opuions are recommended which cither includes detention storage or
drainage structure improvemenis. The peak 100-year runoff near Rosemont Street is
approximalely 110 cfs and the 1otal runoff volume is 12 acre-feet for the existing land use
condition (agricultural). In order to contain the entire volurmne of the storm and eliminate
roadway overtopping al Hillerest, 2 12 acre-feet detention pond is required. The estimated cost
for a detention proposed improvement 1s 523,000,  If detention 18 not viable, it 18 recommended
1o construct a 42-mch storm sewer [0 convey the peak discharge downstream and to eliminate
roadway overlopping at Hillcrest. The estimated cost far the proposed storm sewer improvement
15 390,000,

3.5 DEVYELOPMENT OF ALTERNATIVE SOLUTIONS

3.5.1 Detention

Detention offers a means of controlling major flood events to prevent damage to downstream
properties and infrastructure. Detention basins function by impounding runoff from an upsiream
basin and releasing it at a controlled rate to mirtmize downstream Nooding, Table 3.7 presents a
summary of the detention basing considered in this study. Figures 3-8 and 3-9 show a potential
layout confliguration for the Northwest Ancnal and Pennsylvania Avenue detention storage siles.

Ciry af Dubirguee, fowa Dirainage Basin Master Plan
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Located along the nothern branch of North Fork upstream of the Norhwest Anenal 15 an
existing storape area. A 6-foot RCP conveys the water downstream. The inlet siructure has been
modified to encourage upstream storage and regulate the downstream flow. The existing storage
volume 15 approximately 52 acre-feel at the top of the road elevation or elevation 838, The
maximum depth of water was computed at 19 feet. Prior to roadway ovenopping, the residential
livans located along the right bank or southem bank flood.

Additional storage upstream of the Nonhwest Anenal can be achieved by excavating
approximately 12-feet from the maintained lawns or from elevation 836 to clevation 821 at a
3H:1V slope. This would increase the storage to 110 acre-feet and require the excavation of
approximately 35,500 cubic vards of maternal. A two-staged inlet would be constructed to create
a detention cell.

Upstream of Pennsylvania, along the Nonh Fork, is another opportunity to increase storage.
Between Keyway and Penmsylvania, along the main channel, the area is heavily wooded and
storage is available. Additionai storage can be obtained through excavation. Excavation was
limited 1o 4-feet because soil boring logs conducted for a private developer showed bedrock
within 6-feet of the surface. Excavation of 35000 cubic vards of matenal would increase
storage from 40 acre-fect to 62 acre-feet or excavation of 70,000 cubic yards of material would
increase storage from 40 acre-feet to 87 acre-feet,

Cuy of Dubrague, fowa Drainage Busin Master Plan
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Table 3.7
Norih Fork Catlish Creek Drainage Basin
Detention Storage Summary

_ '~ Existln Alt. No. 1" Alt. No. 2° Alt. No. 3
Drainage . 1{{)-Year 104}- 10-Year 100- 100-Year - 100+ ' 100-Year 100-
Area - | Discharge {cfs) Year '{ Discharge (cfs) Year Discharge (cfs) Year Discharge (cfs) Year
Localion *§ Controlled | - Peak Peak Penk Peak
) {f’?;::r [II“DW D_utl'luw S[T:ie Inl'l.uw- Dutlow S{T::S_e Inflow | Oulllow S':t:::f_e Inflow | Outflow S{:::E_e
' Feet) ' Feel) ' Feet) Feel)
Morthwesl
Arterpal {152 1,280 G50 47 1,280 590 33 1,280} 1E0 g1% 1,281 130 Elz
(NF-5T-T)
:;;?;¥f43}”"1 7.05 2,650 | 2080 42 2850 | 2,080 63 | 2540 | 2040 37 2,540 1,830 82"
Notcs:

I Alernalive | — eagavale stocage wpstreaen of Penosylvania and smodify ooflet stracture at Nerthwest Arlerial; ionprove channel beiween Notthwest Arlorial and Keyway,
Altermailive 2 - exeavale storage upstream of Monhwest Auenad and irprove chane] between Norbwest Artenal and Keyway.
Altermative 3 — excavale slorage wpsioeam of Mortbeaest Artepval ol upstream of Pennsylvania and impreve channe| beiween Mortfwest Arerial and Koyway.

Excavare approsinsaely 93500 cubic vards of wmaterial (or addditiomad storsge and construct 2-stage oolet stracture of Northwest Anerial.
o Lncuvate upprosimately 35000 cebic vands of matenial for additional storage and build structusal wall at Pennsylvania Avenue.
4. Tixcavate approumakely 70000 cubic vards of material for addvional siorage and build structural wall at Pennsylvama Avenue.

{receiiigige Beevin Meriter Blan

City of Dudurgue, lowa
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3.5.2 Channel and Drainage Structure Improvements

3.5.2.1 Upstream of University Avenue

The segment of North Fork between Nonbwest Arierial and University Avenue was identified as
a problem area. Numerous structures are located within the 10{0-vear floodplain and are
relatively low in relation to the creck and likely incur frequent flooding. Major channel]
improvements would be vequired to lower the 100-year level below the foor elevation of the
structurcs. [t is proposed to improve the creek channe! by clearing, shaping andVor increasing the
capacity of several drainage structures.

A HEC-RAS hydraulic model was developed to deseribe the hydraulic conditions of the channel
and drainage structures between Nonhwest Atterial and University Avenue. The peak
discharges zenerated from the HEC-HMS model were vsed. Three (3) altematives were
evaluated. Alternative No. | proposes 1o increase the storage upstrearmn of Pennsylvania Avenue,
while Alternative No. 2 proposes 10 increase the storage upstream of the Northwest Anerial and
Altemative No. 3 proposes to increase the storage upstream of both Pennsylvania Avenue and
Northwest Artenai.

A baseline HEC-RAS model with current channel geometry was used to compare with proposed
improvermnents.  Cross-sections were based on daia obtained from the digital terrain model
{DTM) provided by the City. The channe] geometry was assumed to be adequate for this study;
however, surveyed channel inverts may be lower than thase shown in the model.

Rosemont Strect, Keyway, and Pennsylvania Avenue cross the main channel. The existing
culverts and roadway geometry were modeled based on both DTM and survey information. A
single 72-inch reinforced concrete pipe (RCP) culver, twin 78-inch RCP culverts, and a single
14.5-foot corrugated metal pipe arc located at the Roscmont Street, Keyway, and Pennsylvania
Avenue crossings, respectively,

Manning's cocfhicients and entrance loss coefficients for the culverts were estimated based on
site visits and guidelines presented in the HEC-RAS User's Manual. Manning’s coefhicients of
0.01] and 0.028 were used for concrete and corrugated metal, respectively. An entrance loss
coeflicient of 0.5 was used at Rosemont Street and Keyway while (.7 was vused at Pennsylvanta
Avenue because of the inlet configuration.

Manning’s coefficients for the channel and overbanks were based on guidelines in *Open
Channel Hydraulics,” by Chow. A value of 0.035 was used for the channe) upstream of Keyway,
while a higher value of 0.040 was used downstream where the channel is more congested with

Ciry of Dnbuguic. fowa Drainage Basin Master Plun
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trees. Overbank Manning's values ranged from 0.050 1o (.10 representing conditions ranging
from grassy areas with few trees to heavy stands of imber.

The haseline hydravlic mode] showed ull three roadways to be ovenopped during 100-year load
discharees. In addition, several yards and homes were affected by NMooding. Proposed condition
models were created to determine measures to significantly reduce or prevent damage to private
properly and infrastructure caused by 100-year [lood flows. Improvement opuons studied
included channel clearing, channel shaping. andi/or drainage structure improvements. Manning's
coefficients were decreased in some locations o represent channe] cleanng; a minimum value of
0.035 was assumed. Channe] shaping was accomplished with the channel modification option in
HEC-RAS., Channel geometry was modified to create a trapezoidal shape with 3H:1V side
slopes. The hottom width of the channel was changed to accommodate larger culverls or 1o
increase chanrel comvevance; thereby, reducing water surface elevations. The channel
downstream of Pennsylvania Avenuc was not reshaped for the proposed conditions; however, the
roughness was decreased 10 reflect channel cleanng.

An improved entrance loss coefficient of 0.2 was used for all culvens. Culverts were replaced or
supplemented to decrease or prevent a depth of flow over the roadways. A maximum depth over
the roadways of 0.5 feet was uscd as the criiteria for this analysis.

Table 3.8 presents a summary of the channel and drminage structure improvements and an
eshmated capital cost within the North Fork Drainage Basin.  Figures 3-10, 3-T1, 3-12 and 3-13
note the proposed channe! and structural improvements between Nonhwest Anertal and
Liniversity Avenue,

It is proposed to improve the existing entrance of the §4.5-foot corrugated metal pipe at the
intersection of Pennsylvanija Avenue and I F. Kennedy Road by reestablishing the embankment
around the pipe and instailing mock oprap and a concrete collar around the pipe. In addition, a
pertion of the upsiream channel would be realipned and a 310-fool long structural concrete wall
built at the top of the slope above the iniet. The concrete wall would be 3-feet high, allowing an
additional 2 feet of ponding with ! foot of freeboard (top of wall elevation approximately 783
feel). The ponding elevation is limited because storm sewer inlets aleng Pennsylvania Avenue
and LLF. Kennedy Road would begin to allow water to [low into the road from the culvert should
the water surface upstream become too high. Altemnative No. 3 requires the 14.5-foor opening be
restncled to a 10-foot opening by constructing a concrete inlet that blocks the opening. The 10-
foot opening does not cause any backwater effects on Keyway and provides 1.5-foot of freeboard
on the structural wall.

The proposed improvements descnbed above drastically reduce Mooding limits on the study
reach. For the Altemative No. 2 (low condition, roadway overlopping has been eliminated at
Rosemont Street and Keyway and backyard {Tooding is reduced to the channel upstream of

Ciry of Dubuguie, fowa Drainage Basin Master Plan
Narth Fork Coatfish Creek Drairage Basin 3.13 Falt 2001
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Table 3.8
North Fork Catfish Creek Drainage Basin
Main Channel and Structural Improvement Summary
Location Alteroative 1 Alternative 2 Alternative 3
Proposed [mprovements Capital Costs Proposed Improvements Capital Costs Proposed Improvemcnts Capitat Costs
Moarthwest Arterial dodify outlet — increase opening area 53,800 Excavate vpstream detention and build two- FARTI00 Excavale upstraam detention and build two-stage EAET7. M)
(NF-5T-7) stage ctlet struclure outlet struciure
Northwest Anterial to | Trup. changel with by of 107 and side slopes of %20,200 Trap. channel with b, of 107 and side slopes of 520.200 Trap. channel with b, of 1) and side slopes of 320,200
Rasemont Reach JHV 3HIV JHLY
Rosemont Euild 2 additional 727 RCP or 85 SF of total 88,400 Build 1 additiegnal 72 RCP or 37 SF of total $61.800 Build I additionat 72" RCF or 57 5F of wotal 361,500
{NF-5T-G} apening required opening required apening required
Rosemont to Keyway | Kosemont to Ellen; trap. channel with by, of 303,000 Rosemont 1o Ellen: trap. channel with b, of 293,000 Rosernant to Ellen: trup. channet with by of 1, B2 KH)
Reach 107, side slopes of 3H:1¥; Ellen to Keyway: 107, side siopes of 3H; 1V: Ellen wo Keyway: side slopes of 3H: LV, Ellen to Kevway: trap.
trap. channel with b, of 25" and side slopes of trap. channel with b, of 25" and side slopes of channe] with b, of 237 and side slopes of 3H: 1V
H Y JH: IV
Keyway Remaowve exist structure and build 3 - 10°x 8’ 5331800 Bemowve extst, structure and buiid 3 - 105 8 533100 Femove exist, structiere and build 3 - 10°x §° F331.800
{INF-5T-5) RCHs or 240 5F of total apening required RCBs or 240 SF of 1oral opening required RCBs or 240 5F of total opening reguired
Keyway o Trap. channe! with b, of 23" and side slopes of 5122500 Trap. channcl with by of 25’and side slopes of 5122506 Trap. channe!l with b, of 25"and side slopes of S122,500)
Pannsylvania Reach JH:V ANV JH 1V
(Approx. 5307
Pennsylvania Excavate upstream detention and build concrete 5530 D) Build concrete structural wall. improve inlet 3157400 Excavate upstream detention and bwld conerete S838.400
(NF-5T-4) structural wall. Improve inlet entrance entrance structural wall. Improve inlet entrance and restrict
opening to 107

Total Costs $1,399,600 $1,574,(HM) £2,255 0iM)
Optional Costs Channel clearing 1. F. Kennedy to University S99.000 Channel clearing 1.F. Kennedy 1o University 599,000 Channel clearing ILE. Kennedy to University 399,000
faoles:
1. Alcmative | — cxcavale slorage upsiream of Pennsylvania and prodify omler siruciune @1 Mechwest Anenal: improve channel betaecn Monhwest Anenal and Kevway.

Alternative X = excavale storage upstream of Northwest Artenial and improve channet between Norbwest Anerial and Kevway.

Alternative 3 — exeavale staraze upstream of Narthwest Arteniud and upsiceam of Pennsylvaniz Avenoe and improve channel berween Sorthwest Aerial and Keyway,
2. RCB- rainforced concrene bos culven; RCP — remiforced corcreile pipe: b, — botiom widihy; SF — aguare (221 rap. — rapezeidal, 3H: 1Y — racie of honzontal o vemical
3 Continpercics (5% were added W account For esimaned quantites, woil price adjustments and miscellaneous work relaled ilems. An additienal 25% was included for administranive. legal and enginesing costs. Right-ofway, gperarion and maintenance and mitigation costs were not

included. Costs based on lowa Depaniment of Transporialion 199% enit prices.

Cirv af Dubigqiee, Towa Drainage Bosin Magter Blan
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Keyway.  For the Allemative No. 1 low condition. roadway overlopping has also becn
eliminated and {looding is generally kepl away from structures upstream of Kevway, although
several entire back yards remain inundated.

3.5.2.2 Downstream of University Avenue

An apanment complex and one (1} home immediately downstream of the Pennsylvania Ave.
culvert would still experience (looding with the improvements in place. A field investigation
was performed and it was found that the first [leor elevation of the apaniments located closest to
the channel was 767.5 and that the apaniment building is constructed on piles without a
basement. The existing 100-vear water surface elevation was determined to be at elevation
765.5; therefore. the storm water affects the substructure of the apartments, but the lirst habitable
floor is dry.  The 100-year water surface elevation of Alternative Nao. 3 was 764.6, thereby
reducing the 100-year water surface elevation less than I-foot. The reduction in flooding of
Aliemnative No. 3 quickly dissipates downsiream of Pennsylvania Avenue/).F. Kennedy Road
and the associated costs quickly exceed the resulting benefit of the proposed altermatives.

There have been complaints of frequent flooding of agncultural ground in the reach immediately
vpstream of University Avenue. To investigate ooding problems in this area, the existing
conditions hydrauhe model descnbed above was exiended downstream to include University
Avenue, US. Highway 20, and the reach immediately downstream of U.S. Highway 20, Under
existing conditions, 2 12-foot by 12-foot reinforced concrete box approximately 280 feet in
length passes under University Avenue and a 26.5-foot by 18.5-foot arched concrele culven
passes under LS. Highway 20. A normal depth boundary condition was used for this model.

Using this extended model, the instaltation of an additional structore at University was analvzed.
With the existing model as a baseline, the effect of constructing an additional12-foot by 12-foot
RCB culven was investipated. Based on the model results, the additional structure would
produce a maximum decrease in water surface clevation of 5.5 feet and reduce the inundated area
by approximately 3.5 acres. An estimate of the cost required to construct an additional 12-foot
by 12-foot RCB bencath University Ave. is included in the Opinion of Probable Construction
Costs Appendix. Given the high cost of construction and the relatively small impact 1o the
tnundated agricultural ground adjacent to the stream, it is not recommended to add an additional
structure.

Cirv of Dubugue, fowa Drainage Basin Marter Plan
Noreh Fork Cagfish Creek Drainage Basin 315 Fall 2007
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3.5.3 Flood Inundation

Figures 3-14, 3-15, 3-16, and 3-17 depict the 100-year existing, Allemative No. I, and
Alternative No. 2 flood inundation.  These {ipures show the appreximate limits of Nooding. The
Nood inundation for Alternative No. 3 is similar to Altematives Nos. 1 and 2 and was not shown
on the flood imundation figures.

3.6 RECOMMENDATIONS FOR IMPROVEMENT ALTERNATIVES

The propram developed for the City consists of the recommended selutions for the North Fork
Drainage Arca. These recommended solutions are located within the city limits and could be
implemented by the City. The peak discharges associated with all three North Fork Drainage
Basin allematives are summanzed in Table 3.9.

Table 3.9
North Fork Caifish Creek Drainapge Basin
Peak Runcff Summary for Existing and Proposed Hydraulic Conditions
- 14
Structure | HEC-HMS . Drainage 1(-Year Peak RunofT Rate (cfs)
) 3 Location - Area R x 5 5
1d. No. Node No.™ { (sq. mi) Existing | AlL No. 17 | Alt. No. 27 | AlL Ne. 3

NF-3T-1 26 Brunskill Ed. | 38 3130 3120 3,120 3,100
NF-5T-2 22 us 20 3z 2,490 2,430 2.460 2,270

{Dodge 51}

Highway
NE-5T.3 49 University iag 2.420 2,37 2,380 2.070

Avenue
NF-5T.4 12 JF Kenoedy | 2.1 2080 2080 2,040 1.830

Rd. &

Pennsylvania

Ave.
NE-ST5 9 Keyway 17 2.280 2,500 2.160 2.160
NF.5T.f 33 Rosemont 5t 0.94 1070 1.320 G50 950
NE-3T-7 10 Northwes! .52 630 5640 180 130
Arterial
NF-5T-8 36 Sunnyslope 026 T 70 TG 70
NF-5T-9 3 Radford Rd. .16 470 474 470 470
NF-5T-10 5 Saratoga Rd. 0.06 160 160 160 Nt
Ciry of Dubuque, fowa Drainage Basin Master Plan
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Table 3.9
North Fork Catfish Creek Drainage Basin

Peak Runofl Summary for Existing and Proposed Hydranlic Conditions

" I
Strueture | HECHMS | | D::::iage 100-Year Pesk Runoff Rate (cfs) ¥
Id. No.” | Node No. (sq. mi) | EXisting { Alt-No.1® |'Alt.No. 2% | Al No. 3
Tributary No. 1
NE-T1-8T-1 57 Brunskilt Rd | 0.4 850 §50 850 | 850
NE-T1-5T-2 54 Us 20 0.14 320 320 320 320
(Dodge 5t '
Tributary Np. 2
NF-T2-5T-1 33 Hillerest Rd. 0.41 £00 8§00 £00 S
NF-T2-8T-2 30 Asbury Road 0.15 360 360 360 b 360
NE-T2-ST-3 29 Asbury Rd. 0.03 6 60 60 {0
Tributary No. 3
NF-T3-5T-1 12 NW Arteriul 0.21 460 460 460 460
MF-T3-5T-2 13 Embassy 0.lo 210 210 210 210
West Dr.
Moles:

Peak runoff rates based on ultimate |and wse conditions and simulation of & 24-hour slomm evem

See Figure 3«1 for lecation of struciure identification number.

See Fipure 3-6 for location of HEC-HMS node and identification aumber,

Peuk, divcharges reporied ape outflows from the speeified nodes,

Alcmabve Xo. 1 — Build addimicaal dewenbon storage o Pennsylvania, Build channe! improvements from Nothwest
Arterial to approximately 330 fect downstiream of Keyway. lmprove oatlel at Morlbwest Anenal,

Allemauve Mo, 2 = Build additional detention stomge ot Monhwes Anenal. Buld channel improvements from Monbwest
Artenal o approsimately 530 feet downstream of Keyway.

Allernative Mo, 3 — Buld addilional detenbion stotage &t Pennsylvania Avenue and Morlhwest Arterial. Build channel
improvements from Norhwest Arierial we apprekimately 530 feet downsiream of Feyway.

e

It is recommended to construct Altemative No. 2 and expand the existing storage upstrearn of the
Northwest Arterial. This area aids in reducing the peak discharges downstream and provide a
water quality benefit as the sediment-laden water is provided an opportunity to settle-out. While
this allemative is not the least cost allernative, the additional incremental impact on flooding is
substantial relative to the increased cost. Additionally. it 15 more aesthetically desirable, as @t
does not reguire destruction of the heavily wooded area upstream of Pennsylvania Avenue. It s
also recormnmended to obtain 100-year owage easements on private properly and purchase flood
prone preperties as they become available. Commercial development opporunities exist along
the left overbank, parallel to J.F. Kennedy Road. It is recommended that any development
require a 2:1 excavation to (ill ratio.

Ciry of Dubngre, lowa
Narth Fork Catfish Creck Drainage Basin
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3.7 PROJECT PHASING

The problem areas and recommended improvements were ranked based on the resulting benefits
in compatrison to the costs of improvements in order to pnontze proposed improvements in the
Nomh Fork Drainape Basin. Table 3.10 presents a drainage basin prionty based on other
proposed improvements within the drainage basin. It is recommended to conduct detention

improvements from the most upstream first and then proceed downstream.  Channel
improvements are to be constructed from downstream to upstream.
Table 3.10
North Fork Catlish Creek Drainage Basin
Recommended Improvements Summary
Drainage : Estimated
Basin Location Recommended Improvemenis Capital
Priority ' Cost’
1 MNonbwest Anerial (NF-5T-7) Excavate upsiream defention and build two- 5557300
staze nutlel struclure.
? Pennsylvania {NF-5T-4) Build concrete structural wall. Improve inlet. S157.400
3 Keyway to Pennsylvania Reach | Trap. channel with b, of 257and side slopes of | 5122500
{approx. 534) JH:V,
4 Keyway (NF-S5T-5) Remuve existing structure and build 3 = 10°x S331L.E00
B RCEs pr 240 5F of tolal opening required
3 Roscmont to Keyway Reach Rosemont o Ellen: trap. chanoel with by, of 5293,000
10, side slopes of JH:1Y: Ellen 1o Kevway:
trap. channel with by of 23" and side slopes of
FHOV,
) Rosemont Street (NF-5T-6;) Build 1 addiicnal 727 RCP or 57 SF of watal S61.800
opening required.
7 Rasemont Street & Hillerest Provide 12 AF of stotage (3230007 or $23.000°
Road (Special Problem Ayea) Build 427 worm sewer (590,000
& Northwest Arerial to Rosemont | Trap. channed with b, of [07 and side shapes 320,200
Sireet Reach of 3H:1V,
9 Hillcrest Road (NF-T2-5T-1}) Provide 163 AF of storage (376.000) or 576,000
Remove existing sirecture and build 208
RCP (31 10.000)
Total Recommended Improvement Cost £1,673,000
Saratoga Road (WF-5T-10) Build 1 addiicnal 3' RCP. SR
I {Asbury Turisdiction®

Notes.

1. Esnmated capital cnsts inglude conlingencies (23%} to account for estimated guantitics, wnit price adjusienents and miscellzbeous sark
relaved items  An addinonal 23% was mcloded for admenistrative, legal and engineenng costs. Ripht-nfoway, operation And aimenance
and pulipanan casts were nol ineluded, Costs based on Jows Deparument of Trensparative | 996 ol pnoes.

2. The Sararoga Road (NB-5T-10) improvernents are withan 1he jurisdicteon of the Cily of Astary: therefore, the improvement cost was oo
included with the oiher drainage hasin (mprovements.

1. Tolal recommended improvemenl ¢081 1nc lwdes manimumn cos for Jocanons with multiple opuons.

Ciry of Dubigre, lowa
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BEE BRANCH DRAINAGE BASIN

4.0 BEE BRANCH DRAINAGE BASIN

4,1 GENERAL DRAINAGE BASIN DESCRIPTION

The Bee Branch Drainage Basin (Bee Branch) is located in the central vacimity of the Dubogue
municipal limits and is shown on Figure 4-1. The drainage basin measures approximately 7.1
square miles, and flows in a southeasterly direction to the i6th Street Detention Cell and
discharges into the Mississippt Raver through a §2-foot by 12-foot RCB eguipped with dual
sluice gates. The main Bee Branch channel is pomanly located along West 32nd Street and
Washington Street. The draimage area is roughly bounded by West 32nd Street o the nonh,
Asbury Road and Uraversity Avenue to the south, Nornhwest Artenal to the west and the
Mississippi River to the ¢ast.

The basin consists of several large subareas dramng from large bluffs into a (lat. densely
populated lowland area within the old Mississippi River floodpiain, hereafier referred to as the
Couler Valley area. The subareas include West 32nd Street, Kaufmann Avenue, Locust Strect,
Washingilon street (main Bee Branch trunk line storm sewer), Windsor, 11th Street, 14th Street,
Upper Kerper and Lower Kerper. Dunng flood evenis on the Mississippi River, runoff is
diverted from Dock Street (at elevation 6005 or stage 15} and Hamilton Street (at elevation
603.5 or stage 18} subareas through a 60-inch RCP located between Hamilton Street and Dock
Street and a 78-inch RCP between Dock Street and a ditch south to Fengler Strect. At elevation
398.5 or stage 13, the Bih Street Subarea 18 diverted into the 16th Street Detention Cell. Table
4.1 displays the drainage area for each subarea of the Bee Branch Drainage Basin.

Ciry of Dubgue, towa Dirainage Basin Marer Plan
Bee Branch Dratnage Basin 4.1 Fall 2001
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Tahle 4.1
Bee Branch Drainage Basin
Drainage Areas for Subareas
Subarea Drainage Area {sq. mi.)

West 32nd Street .9
Kaufmann Avenu? 1.31
Locust Streel {190
Windsor Avenue .39
Washington Street 1.15
Harmilton Street .16
Dack Street 016
Upper Kerper (.28
Lower Kerper (.09
14th Streed (116
i1th Street 021
Bth Street .41
Total Bee Branch Drainage Basin Area: 712

The Bee Branch Drainage Basin is relatively steep, with an average termain slope of
approximately 37 percent. The overall slope of the main channel in the wpland areas is
approximately 2 percent, while the slope of the main channel in the [lat Couler Valley areu to the
outlet is approximately 0.5 percent. Elevations in the drainage basin range from 594 feet NGVD
at the 16th Street Detention Cell at the Mississippi River to 562 feet NGVD in the upper reaches
of the drainage basin. Figure 4-2 shows the ranpe of slopes for the Bee Branch Drainage Basin,

Information on the soil types and charactenistics in the Bee Branch Drainage Buasin was compiled
by developing a digital soils database in GIS. Table 4.2 shows the relative representation and
general hydrologic characteristics for the different soi) seres found in the Bee Branch Drainage
Basin. The Bee Branch Drainage Basin consists of over 19 different soil types, of which the
Fayette-Urban Land Complex and the Fayetie Silt Loam series account for over 40 percent of the
total drainage basin area. For modeling purposes, Lhe different soil types were grouped by the
NRCS hydrologic soil type as Type A, B, C, or D. Nearly the entite drainage basin consists of
Type B soils, as depicled in Figure 4-3.

Ciry af Dubugue, fowa Drawage Basin Masrer Plan
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Table 4.2
Bee Branch Drainage Basin
Soil Type Summary

Number
Soil Series General Hydrologic Characteristics Texture of % Area
Polygons

Fayette-Urban Land | (5 to 20% slopes) Moderately to strongly | Silt Loam 9 273
Complex (4163C1, sloping, well-drained soib and urban land
416301, 4163E1) on side slopes in vplands within the City

of Dubuque. Moderate permeability with

rmedium e rapid runofi
Fayetle 5iit Loam {510 25% slopes) Moderately o Silt Loam %] 144
(163C1, 163C2, strongly sloping, well drained soil on
16301, 163D2, side slopes in uplands. Moderate
163El, 163E2, penneability with mediem to rapid
163F1, 163F2) runaff.,
Nordness Rock {18 to 60 slopes) Steep and very stecp, | Silt Loam g 14.]
Ctcrop Complex well drained seils and reck outerop on
f4780) convex side slopes and escarpments.

Moderawe permeability with rapid runoff,
Pzamments-LUrban {0 to 2% slopes) Areas where material Wariable — i 7.9
Land {3070) dredged from the Mississippt River has Typically

been deposited. Rapid to very rapid Coarse

permeability with slow renoff. Sand
Urban Land- {2 10 5% slopes) Gently sloping areas of | Sili Loam l 77
Drorchester Complex | urban land with well drained Dorchester
(4158B} soil on wide bottomlands and along

narrow drainage ways within the City of

Dubuque. Moderate permeability with

slow munoff.
Urban Land-Lamont | (2 to 7% slopes) Gently sloping to Fine 2 64
Complex {41108 moderately sloping areas of urban land Sandy

with well-drained Lamont soil located on | Loam

oidges and side slopes on high stream

terraces within the City of Dubuque.

Moderately rapid permeability with

medium runoff.
Dorchester-Volrey {2105 % slopes) Gently sloping. 4 4.1
Complex (4068} moderately well-drained to well-drained

soils on alluvial fans and in the lower

part of narrow drainageways.

YVarious soils. 12 soil types ranging from 131 18.1

0.08% to 3.3% area.

Tatal Percent Area 100.0%

source: Suil Survey of Dubugoe County, lowa, 3C5, December 1985,
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The drainage system in the Bee Branch Drainage Basin consists of both natural channel and
closed conduit sections. The majority of the drainage basin is highly developed and therefore
much of the runoff is conveyed through storm sewer svstemns.  Generally, natural channels are
only present it Jess densely populated upland areas, specifically the West 32nd Street Subarea.

A land use database containing information for ultimate development was created based on the
City's 1999 GIS Comprehensive Land Use Plan and supplemented with land use projections
made by City staff. Land use classilications in Bee Branch range from open spaces ro industrial,
with the majority of the drainage basin being classified a5 low density and medium density
residential and commercial land uses. The breakdown of land use within the Bee Branch
Drainage Basin for vltimate development is shown in Table 4.3 and Figure 4-4,

Table 4.3
Bee Branch Drainage Basin
Land Use Summary

Land Use Classification Area (acres) % of Area
Streets 437 0.6
Industrial 195 4.3
Commercial 280 6.3
Institutional 24 13.7
High Density Residential 134 3.3
Medium Density Residential 1.377 .2
Low Density Residential 205 4.5
Agricultural i46 3.2
{Open Space and Grass 145 229
Total 4,557 HIO 0%

Source: Ciy of Dubuague, Iows Comprehensive Land Usc Plan, 199,
Note: Water bodies are incorporated into adiacent parce| land use caegories.

While local {looding problems exist in the upland areas of the basin, the primary flooding
problem 1o the Bee Branch occurs in the heavily developed Couler Yalley area located in the
former Mississippi River floodplain. While this area is protected from high Mississippi River
stages by levees, flooding problems persist due to intenor drainage. Dunng large storm events,
runcff from the sieep upland areas rapidly drains toward the Couler Valley area. The flat
topography of the Couler Valley area and the system of levees then slow the progression of the
lloodwaters to the Mississippi River. Additionally, existing storm sewer svstemns intended to
collect and convey flood Mows do not have the capacity to provide significant relief during
cxtreme events. These problems combine to make the Couler Valley area of Dubuque prone to
senous {locding dunng large storm events. Figure 4-5 depicts {looding from the main storm

Ciry of Dubugue, lowa Drevinage Basin Master Plan
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sewer 1runk line of the Bee Branch for a 100-vear 24-hour rainfall event and is an indication of
the seventy of the problem.

Few flood control measures hbave been implemented in the Bee Branch Drainage Basin. other
than several regional detention cells on the main channel. The Bee Branch Drainage Basin is
cne of the few drainage basins in which regional detention of storm runoff is used and expanding
existing detention cells may be a viable alternative for flood control.

Regional detention is most effective when applied in the upper portions of the drainage basin.
Natural detention upstream of several drainage structures offers an opportunity to reduce the
peak discharges and water surface elevations downstream. As the drainage basin becomes more
developed, the number of available detention sites is reduced and detention options are
eliminated or limited to expansion of existing detention cells. Regional detention sites were
analyzed along with channe! improvermnents that can be implemented as a polential means of
flood control in the Bee Branch Drainage Basin.

Conveyance alternatives may also be a viable alternative for flood control in the lower reaches of
Bee Branch. The topography of the lower reaches of Bee Branch does not provide any viable
altematives for detention sites, so increasing conveyance becomes the primary mechanism for
minimizing flood impacts. ncreasing the hydraulic capacity of the storm sewer system through
resizing or adding relief sewers may reduce flooding impacts for smalier food events.

The following sections describe each of the five (5) drainage subareas of the Bee Branch. The
improvement alternative discussed is limited to the specific subarea. For this study, the main
Bee Branch channeg] improvements along West 32nd Street are descnbed within the West 32nd
Street Subarea and the Bee Branch storm sewer trunk line sections.

4.2 WEST 32ND STREET DRAINAGE SUBAREA

4.2.1 General Subarea Description

The West 32nd Street Drainage Subarea is located in the upper reaches of the Bee Branch
Drainage Basin. The drainage subarea measures approximately 1.9 square miles and drains into
the West 32nd Street Detention Cell and then discharges into the Bee Branch storm sewer trunk
Iine through a 10-foot x 9-foot concrete arch pipe.  The drainage area is moughly bounded by
West 32nd Street to the nonth, Asbury Road, Caner Road and Kane Street 1o the south,
Norhwest Arterial to the west, and Wildwood Drive to the cast.

Cirv of Dubugue, fowa Drainage Basin Master Plan
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4.2.2 Flood Hydrology

The HEC-HMS model was utilized 10 compule the peak runoff rates for the 10-year, 50-year.
100-year and 500-vear returmn period storm events. Runoff hydrographs were developed for each
storm event for ultimate development conditions, as defined by the City's comprehensive land
use plan. Figure 4-6 depicts the subbasin delineation, while Figure 4-7 is a schematic of the
HEC-HMS model.

Table 4.4 provides a summary of peak runoff rates for selected storm events at key locations in
the West 32nd Street Drainage Subarea. A summary of the peak runoff rates for all subbasin
hydrographs can be found in the Hydrologic and Hydraulic Appendices.

Table 4.4

West 32nd Street Drainage Subarea Peak Runoll Summary

Existing Drainage System Conditions

Mok Laora -

cell,

See Figure 4-6 for location of structurs klentification number.
See Figure 4-7 for lncation of HEC-HMS node and awdentifacation number.
Peak runoff rates based on ubimate land vse conditions and simodation of a 23-kour slomm event.
Peek discharges reporied are ourflows from the specified node,
Prak munoff rates for West 32nd Detention Call represent peak outflows from the struciurs, nol inflows inte the detention

Structure HEC-HMS L ) Drzinage Peak Runoff Rate {cfs)™*
1 & oeaticn ArCea
1d. Ne. Nade Ne. (sq.mi) | 10-Year [ 50-Year | 100-Year | 500-Year

West 32nd — Main Channel

W32-8T-1 4 West 32pd S0 ta 860 1.750 2.144) 3300
Dxetention
Cell*

W32.5T.2 3 Fink 5i. 1.8 1120 1,710 2,140 3,290

W32-5T-5 G West 32nd S & 1120 1.770 2.130 3,280

Wi2-8T-6 2 Wildwood Dr. [.7 LK) 1.730 2,100 3,220

Wil.5T.9 1 Grandview LG 1080 1,704 2050 5.140
Ave.

WI2-5T-12 14 Carter Road 1.0 830 1,200 1,544y 2,430

W32-8T-3% 7 Pedesrian .38 36D 460 560 1,160
Bridge

W32-8T-14 21 3. F. Kennedy .30 30 M} 530 1070
Road

W32-5T-15 18 Morthwest .05 30 G T 110
Arierial

West 32nad Street - Tributary No. 1

W32.T1.5T-} o Carter Road | 019 L6 260 320 300

W3iLTI1-8T-3 12 terrv Ct, ; 15 130 210 270 410

W3r-T1-ST-4 12 Killarnev Ct. #0015 L3I0 210 270 110

Motes:

iy af Dubrigue, towa
Bee Branch Drainage Basin

Drainape Rasin Masrer Plan
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4.2.3 Stream Hydraulics

HEC-HMS was used to determine the depth of averlopping for the drainage structures analyzed
in the main channel and trbutanes. At design points where a stage-storage-discharge
relationship was analvzed by HEC-HMS, the peak stage was compared 10 the minimum
aventopping clevation. At design points where the storape was neghgible, an independent stape-
discharge relationship was established using the inlet control nomograph from HDS-5. Weir
flow and pipe flow werc combined to find a peak stage. and this peak stage was then compared
lo the minimum overtopping elevation. A total of twelve road crossings were analyzed in the
West 32nd Sureet Drainage Subarea. A summary of the hydraulic capacity for each of the
crossings studied 1s presented in Table 4.5 for the 10-, 50-, and 100-year storm events.

Table 4.5
West 32nd Street Drainage Subarea
Existing Hydraulic Capacity of Stream Crossings Summary
Structure Minimum Depth of Overtopping (ft) |
Hdentilication Location Overto ?pi nﬁg 10-Year 50-Year 100-Vesr
No. Elevation
Main Channel
W32-5T-1 West 32nd Street 44.0 0.0 i4 1.7
Detention Cell’
W32-ST-2 Fink Street 648.2 0.0¢ 0.0° 0.0
W32-8T-5 West 32nd Street 660.4° b0 1.1 1.4
W32-5T-6 Wildwood Drive 6029 03 1.1 1.4
W32-8T-9 Grandview Avenue 6727 0.0 03 1.1
WI2-85T-12 Carter Road T19.0 0.8 1.5 1.8
W3il-8T-13 Pedestrian Bridge 79603 0.0 0.0 0
WaL-5T-14 I.E. Kennedy Road 820 (.0 3.0 0.7
W32.8T-15 Northwest Anerjal 935.2 01 0.0 0
Tribulary No. 1
W32-T1-ST-1 | Carter Road 710.3° 0.0 0.0 0.0
W32.TI1-ST-3 | Kemy Court 787.3° 0.0 0.4 0.6
W32-T1-5T-4 | Killarney Court 81057 I 0.9 1.2
Maes:
1. Depth of overopping obtmaed from HEC-HMS 2nalysis. unless olheratse poled.
20 Mimmwm overtopping eles ation based on topographic survey, unless atherwise nated.
A Mimimum overnopping elevation based op minopum roadway clevation ehimned b inlerpalateng Cy's DAGIS mapping.
4. Assumes reconsirocied ouler sirpcuare. 560 stage-sorage-dischacge relationship in Rydrolagic and Hyedraolic Appendices.

The drainage standards/critenia of passing the design flood event without roadway ovenopping
was evaluated for each crossing. A summary of the retumn period for each of the crossings
studied is presented in Table 4.6.

Drainage Bagin Master Plua
Fall 2060
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Table 4.6

West 32nd Street Drainage Subarea

Existing Hydraulic Capacity and Return Pertod of Stream Crossings Summary

Strurture e Hydraulic Capacity
. . . Existing Roadway L=
Identification Location Structure Type’ | Classification® Return Period
No. Required Actual
West 32nd Street -Main Channel
. Minor 50-yrwith 1" | 1.4" pveriop for
WA2-5T-1 West B_an St. 4@ Earthen B"T’_" hd Artenal D'-'E}I:t{!p for S0-yr & ].'?p’ for
Detention Cell Concrew: Riser 100-yr 100-yr
Residential 10-y1 with no | GT 100-vr"
W32-5T-2 Fink 5t 32" x l1"RCB LOO-vr max.
DVErLop
Minor S0-yr with 1° | 0.6 overtop lor
Wa2-8T-5 West 32nd 5t 9.8 » 77 RCE Arterial overlop for 10.wr & 1.1° for
100-yr 50.yr
Eesidential 10-y7 with no | 03" overtop for
W3i2-5T-6 Wildwood D, 2-107x 63 RCB LOD-yr max. 10-yr & 1.1° for
Overlop a)-yr
5105 % T Hinn_r 30-vrwith I° [ 0.8 avertop for
W3Z.5T-9 I Grandview Ave. HRC API Arterial overlop for S0-vr& 1.1 for
' 100-yr 100-wr
Collecior 50-yr with 08" overtop lor
W3IET-12 Carter Road 2-T RCFP L5 vverop | 10-yr & 1.5 for
for H-vr 50-vr
W3IZ.5T-13 Pedesirian Bridge 7 RCP NiA GT 100-yr
. . Minor 50-yr with 10 | 50-vr with 0.7
WiI25T.14 I.F. Kcnnedy Rd. 21::';1?1':‘ EHC}]I;. fout Arterial overiop for overtop for FO0-
100-yr ¥r
. \ ) . 4" CMF (out Principal Arterial | 100-yr with GT H0-vr
WIr5T-15 Morthwest Arleral 4" RCP (in} 0° overtop
West 32nd Street - Tributary No. 1
Collecior 30-vr with GT 100-yr
WIr-T1-5T-1 Carter Road 253" RCP 1.5 overop
! for 100-yr
Residential 10-yr with noe | L0 overiop for
Wa2-T1-5T-3 Kerry Court 4" CMF 100-vr max. 10-yr & (047 Tor
IVCIop S-yr
Eesidential 10-yr with na § 0.6" overwop for
Waz-T1-5T-4 Killarney Court 3T RCP 100yt max. 1-wr & 0.9 Mor
overtop 30-r
Modes;

1. Hydraulic capacity a0 oomarapm roadway elevation.
2. RCE - reinforced comerele box culverl. RCAP — reinforeed conerete arch pipe. RCE - reinforced concrete pipe, CMP —

conrugated naetal pope.
3. Roadway classification based om Cuy of Dubuque’s sireet elassification index.

4. Assumes reconstrucled owilet steoeture at West 32nd Steeet Detention Cell. Backwiter impacts fom West 32nd Siree
Dewention Call are refected ar Fimk Street.

ity of Dubkgree, fowa
Bee Branch Drainage Basin
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4.2.4 Problem Areas

The flood hydrology model provides the results needed for identthcation of areas that are not in
compliance with the City's dratnage standards/eriteria. Problem areas in the West 32nd Street
Dirainage Subarea range from MNooding of residential structures to inadequate drajinage structures.
A description of each of the identified problem areas is presented in Table 4.7 and Figure 4-21
shows the location of the identified problem areas.

Table 4.7
Wesi 32nd Street Drainage Subarea
1dentified Problem Area Summary

Structure
Identification Location Criteria Violation®
Ma.
Main Channel
W32-5T-1 West 32nd Street | 50-year flood event avertops For ultimate land use conditions
Datention Cell

W32-5T-5 Wesl 32nd Streel | 30-year flood event overtops for ultimate tand use conditions
W32-5T-G Wildwood Drive 10-year flood event overtops lor ultimate land use condilions
W32-5T-9 Grandview Ave. 50-year flood event overtops for ultimate land use conditions
W32-5T-12 Carter Road 50-year flood event overtops for ultimate land use conditions

Tributary No. 1
W3IZ-Ti-5T-4 | Killamey Court | 10-year flood event overtops for ultimate land use conditions
Special Problemm Area

[ Kaufmann Avenue | City staff wdentified problem area
and Manin Drive

Mt
1. Roadwzy ¢lassificanon bascd on Cily of Dubugoe streel elassification index.
2 Crnterig vicdlanons based on roadway overopping desien slorms presenled in Table 2.7

Although few problems exist within the West 32nd Swreet Subarea, the subarea is a4 major
contributor to the llooding problems in the Couler Valley area. It is the largest of the upper
drainage subareas [lowing toward the Couler Valley anca, and the West 32nd Street Detention
Cell controls storm water runoff, thereby reducing the [tooding downstream.

The s1x structures listed in Table 4.6 exceed the criteria presented in Table 2.7, The structures
are overtopped at their required design storm and several structures have overtopping depths for
the 100-year Mood event in excess of the maximum allowable depth.

Cirv of Duebugue, fowa Drainage Basin Masier Plan
Bee Branch Drainage Bayin 4-4 Fali 2001
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Special Studv Area

A depressed area in the upper portion of the West 32ngd Street Subarea also was investigated s a
probiem area. The area is located along Kaufmann Avenue east of the Kaufmann/1.F. Kennedy
Road intersection. An existing slorm sewer system adjacent to Kaufmann Avenue drains storm
wiater 0 a irbutary north of Kaufmann Avenue near the Kaufmann and Manin Drve
intersection. The storm sewer trunk line was analyzed based on the assumption of full pipe MNow
using peak discharges from the HEC-HMS hydrologic model of the subarea. The existing pipe
sizes were compared to the pipe sizes calculated 1o handle the 10-year peak discharge. It was
determined that the storm sewer system 15 undersized to meet a 100-year design standard. Based
on this analysis, the storm sewer along Kaufmann Avenue west of the Kaufmann/I.F. Kennedy
Road intersection should be replaced with a 60-inch RCP to handle the 100-vear peak discharge.
The trunk line east of the Kaufmann/J.F. Kennedy intersection was shown to have capacity in
excess of the 100-year peak discharge. [t was noted there were few storm sewer inlets located in
the depressed area. This should be investigated further to insure no flocding would cccur due to
lack of inlet capacity in this location.

4.2.9 Development of Alternative Solutions

The Weast 32nd Street Subarea predominantly consists of well-drained uplands and therefore
contains few areas with [looding risks.  Properties situated in the narrow valley of the Bee
Branch running adjacent to West 32nd Streei are at risk due to their proximity to the stream and
their location in the lower portion of the subarea.

As mentioned previously, the West 32nd Street Subarea 15 a pnmary factor in the flooding
hazards encountered in the Couler Valley arca, however, expansion of existing detention cells
andfor construction of additional storage arcas in the West 32nd Street Subarea would reduce
peak discharges and retain large volumes of slorm water runoff, potentially further reducing the
flooding problems downstreamn.  Construction of storage areas in the upland portions of the
subarea would have an impact on the flood damages experienced, not only in the Couler Valley
hut also. in the low lying areas of the West 32nd Street Subarea.

Channe! improvements would have limited benefit because they would impact only a small
number of properties located adjacent to the well-defined stream in the lower porion of the
subarea. Flood proofing or propery buyout would be a more effective alternative to address
chromie flooding problems. The purchase of property located adjacent to the West 32nd Street
Detention Cell also may be necessary to allow for storage capacity expansion.

Cine of Dubugue, towa Drainage Bagsin Master Plan
Bee Branch Draivape Basin &1 Fafl 2004
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4.2.5.1 Detention

Dietention offers a means of controlling major [lood events to prevent damage (o downstream
propertics and infrastructure. Detention basins function by impounding runeif from an upstream
bagin and releasing 1t at a controlied rate to mmnimize downstream (looding.  Within the Bee
Branch Dramape Area, the West 32nd Street Subarea offers the best opponumty for storage.
Table 4.8 surnmaries the detention sites investigated, while Figure 4-8 depicts the location of the
S1ES.

Table 4.8
West 32nd Street Drainage Subarea
Detention Sites Investigated

Structure
Identification Localion Descriplion
No.! '
W3i2-5T-1 West 32nd Street The West 32nd Sireet Detention Cell is an existing detention
Detention Cell cell with a gated outlet contrg). Thus site was investigated
, further.
W32.5T-9 Grandview Avenue | A slorage area excavited upstream of the Grandview Avenue

crossing south of West 32nd Sereet. The site was shown o
produce a small decrease in peak discharge in the reach
immediately downstream of Grandview Avenue. Due to the
limited benefit to a retatively small number of propertics
located between Grandview Avenue and the West 32nd Street
| Detention Cell, this site was not investigated further. Greater
imnpacts over 4 broader arey would be realized il these efforts
were focused on expanding storage at the West 32nd Street
Detention Cell.

W3i2-DET-1 Forner Ski Area An eunhen embankment constructed within the former ski ares
subbasin was investipated. Due to location of rock owerops.
the dam embankment would be situated in the upper reach of
the subbasin. The contributing drainage arca and the storage
volume wouid be reduced making this site unfaverable. This
site was nol investipated further,

W3I-DET-2 West 32nd Street An eanthen embankment consiructed across West 32nd Strect
located east of (he Caner Blvd and West 32nd Streat
intersection. This detention site would control the runoff from
the upper 2/3 of the drainage subarea, This sile would require
relocaung or eliminating a portyon of West 32nd Street and
relocating the Carter Blvd intersection. Several homes locared
within the flood pool would be relocaed. Due 1o the extensive
relocations. this site was not investigated further.

Cirv of Dudusgue, fowa Drginage Basin Masrer Plan
Bee Branch Draingpe Basin 4-tf Forlt 200}
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Tahle 4.8

West 32nd Street Drainage Subarea
Detention Sites Investigated

Structure
Identification
No.! -

Lacation

Description

W32-DET-3

West 32nd
Street/Canter
Boulevard

The West 32nd Streel drainage channed along Carter Blvd. is a
naturat depressional area and offers an opportunity (o construct
an ermbankment. on the eust side of Caner Blvd, to create
detention sterage. This would require modifications to the
Caner Blvd. intersection and the consiroction of a berm paraltel
to Carter Blvd. Due to the limtted amount of storage. this site
was not investipated further.

W32-5T-12

Carter Boulevard

The West 32nd Street drainage channel along Carter Blvd. s a
natural depressional area and offers an opporunity 1o construct
an embankment, on the west side of Carter Blvd. to create
detention storage. Due to the limited amount of storage, this
site was not investigated further,

W32-DET-3

Arabian Trail

Located on the west side of the West 32nd Street drainage
channel along Carner Blvd and near Arabian Trail 15 a possible
detention storage site. Due o the limiled amount of storage,
thig site was not investipated further.

W32-DET-4

Upper Caner
Boulevard

A possible detention site exists where the West 32nd Streat
drainage channel tumms nonheasterty along Carter Blvd,
Constructing an eanthen embankment and cutlet system that
would block the natural ravine in this area would restrict
outllow. Due to the Jarge siorage potential and limited
interference with utilities, this site was investigated further.

W32-5T-13

Pedestnian Crossing

By increasing the height of the pedestrian crossing berm,
storage can be increased substantially with minor construction.
This site was investigated lurther.

W32.8T-14

JL.F. Kennedy

Excavating vpstream of I.E. Kennedy would create additional
storage. Due to the potential storage. thes site was investigaled
further.

W32.8T-13

Northwest Arlenal

-}

Modifying the drainage structure by constricting the existing 4-
Toot opening will increase the peak storage behind the roadway
embankment. The increased Mood pool would be restricted to
the park area. This stte was investigated further.

Maote:

1. See Frgure 4-B for structure identification number.

Crry of Dubugue, fowa
Bee Branch Orairage Basin
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Table 4.9 presents a summary of the detention improvement altematives considered for funther
investigation. Figure 4-9 shows a layout configuration for the potential detention sites identificd.
Each alternative considered either multiple detention cells or one large regionai detention
facility. All altematives assumed the existing outlet works at the West 32nd Street Detention
Cel] would be removed and replaced to improve the hydraulics at the outlet. Expanding the
West 32nd Street Detention included excavating, increasing the existing berm elevation, or a
combination of the two. Table 4.10 summanzes the pcak 100-year inflow and outllow
discharges resulting from the five (3) improvement altematives,

Table 4.9
West 32nd Street Subarea
Delention Improvement Alternative Summary

Mte;';;n tive Proposed lmprovement Alternative

W21 Construct multiple upstream detention at I.F. Kennedy, pedestrian bridge. and upper
Carter. Excavale additional storage at West 32nd Detention Cell and remove and
replace outlet structure. Purchase properiies located within the 100-year flood pool.

W32 Construct multiple opstream detention at J.F, Kennedv, pedestrian bridge. and upper

Canler. Increase existing berm elevation to provide addinonal storage al West 32nd
Detention Cell and remove and replace outlel structure. Purchase propenics located
within the 100-year flood pool.

Wil-3 Canstruct one large upstream detention at upper Carter. Excavate additional storape at
West 32nd Detention Cell and remove and replace outler strpcture. Purchase
properties located within the 10-year flosd poal.

W34 Construct one barge upstream detention at upper Carter. [nerease existing berm
elevation 1o provide additional storage at West 32nd Detention Cell and remove and
replace outler siructure. Purchase properiies located within the 1{00-year flood pool.
W32-5 Construct one large upstream detention at upper Carter.  Ingrease existing berm
elevation and excavate existing area to provide additional storage at West 32nd
Detention Cell and remove and replace outler structare. Purchase properties located
within the 1{0-year Mood pool.

The Upper Carer Boulevard (W32-DET-4) location and expansion of the West 32nd Street
Detention Cell {W32-5T-1) are the two primary sources of potennal storage capacity within the
West 32nd Street Subarea. A natural ravine area is located along Caner Blvd in the West 32nd
Street Subarez and this natural depressional area offers the opporunity 10 store the entire
upstream 100-vear runoff volume if a controlled gate 1s installed, Construction of either of these
structures weuld need to be 1 accordance wilh the Jowa Department of Natural Resources, Class
3 dam classification.

iry af Dubugue, fowa Driinage Basin Master Plan
Bee Branch Drainage Basin 4-13 Fall 2004



BEE BRANCH DRAINAGE BASIN
- A ———— ———— = ——— ——— ———— ———————

Table 4.10
West 32nd Street Subarea
Detention Storage and 1ischarge Summary
Existing Al Ko. W32-1' Alt. No. W32:78 Al No. W32-3 Alt. No. W324° AlL. No, W32.5°
Drainage : ;
. Area 140 Year Drischarge I -Year Discharpe : 10-Year Dischinrge 10d-Year Discharge LiH}-Year Discharge 10M- Year Diccharge
Lacation Contralled {cfs) 100-Year (efs} 100-Year {cIs) 100-Year (cfs) 100-Year {cfs) 100-Year foefs) 100-Year
{squre Peak Slozage Peak Sterage Feak Storage Peak Storage Teak Storage Peak Storage
i Atre-Feel Acre-Feel Acre-Feel {Acre-Feet o Acre-Frel Acre-Fect,
miles} Inflow Duifigw ¢ J Inflow Dutflow ¢ ) Inflow Cullgw - ¢ } Inflow {rutflow 4 Inflew CutNow ¢ ) Inflow Ouilow ( 4
Wesl 52nd 51
Derenti
e 1.90 2050 | 2040 a6 1,500 350 58 1,500 950 5 1.500 850 58 1500 950 51 1.500 470 9
(W3i2-5T-1)
Lipper Carter
Blbvd. 0.50 1,250 1.250 0 830 0 176 &30 0 176 1.240 0 182 1,240 H 182 1,240 0 182
{(W32.DET-4)
Pedestran
Crossing 0.38 o0 S i 230 180 7 230 130 7 Gid kEF 2 610 540 3 a1 sS40 3
(W3i2-5T-13)
luhn F.
Kennedy 0.30 G0 6. 1 40 200 a3 adi) 2060 KR ) e T 1) 590 7 2t 590 ?
(W3X-5T-14)
Sorthwest
Anerial 0.05 EL Bl CI- T0 50 ] 70 at | 0 =0 L M A } o 50 [
(WILET-15}
Merles:
1. Ahematyve W32 - Construgt mulliple upsiream desentions at b F. Kennedy. pedesinian crassing, aod opper Carter, Excavae additional storage at Wer | 22ma Detention Cell and remove and replace oullel stregiure. Purchase propertics located within the 100-vear Aood ool
2 Ahemnauve W32-2 - Construct multiple upsiream detentions at FF. Kennedy. pedesinan erassing. and upper Caner. Ingrease existing herm clevation o provide addiional storagpe 3t West 32nd Dewention Cell und remove and replace outlet strueture. Purchase properties bocaked wishan the 100-wer
Mood pool.
3 Alematve W23 oConstiuct one large upstream deiention @t apper Carter. Excavale additional seorage st West 320d Deresnian Cebl and rermove and replure owtler situciore. Purchase properties located within the 100-pear Mood popl.
4. Alernative W32d -Consioct one larpe upstreatn derention o opper Carmer. Inerease existing berm elevation o provide additional storage 21 West 22nd Tietention Cell and retnove and replace cocler structere. Puscbase properties bcaied within the 100-year Mood moal.
w0 Altemative W32-5 -Consinacl one larpe upslream detention at upper Carter. Ingrease existing horm clevalion and excavale existing area o provide additional storage al West 2 2nd Detention €2l and remove and replace gullet stmoctyre. Purchase properies kcated within the 100-year Nood pot,
& Assumées reconstructed outlet struclere Sec stage-siorage-discharge relationship inchoded i Hydrologic and Hydrauhe Appendices.

Drativage Basin Master Mlon
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Construction of the three (3} detention cells located upstream of the Norhwest Arterial {W32-
S5T-15), 1. F. Kennedy Road (W32-ST-14) and the pedestrian crossing (W32-5T-13) would
provide similar storage to the construction of the Upper Carter Boulevard detention cell: but at a
greater capital cost. The West 32nd Strect Detention Cell has an existing sworage capacity of
46.0 acre-feet. Excavation, increasing the carthen berm elevation, or a combinanon of the two
can obtain additional storage up to 94.0 acre-feet as shown in Table 4.10.  Proposed
improvements to the West 32nd Street Detention Cell are shown in Figure 4-10.

Table 4.11 summanzes an opimion of probable construction cosis for each of the detention
improvement altermatives within the West 32nd Street Subarea. Considering cost snd impact on
downstream Mows, Aliemnative W32-5 was delermined to be the most efficient and effective
allernative. This allernative was then used as the basis (o develop the downstream alicrnatives so
2 realistic companson could be made without evaluating a complex matnx of mterrclated
options. Impacts from this altemative affecting the Couler Valley arca are discussed in
subsequent sections.

Table 4.11
West 32nd Street Subarea
Detention Improvement Alternative and Estimated Construction Cost Summary

Estimated Opinien of
Alternative s
Proposed Improvement Alternative Probable
No. : . 1
Construction Costs
W3iz-1 Construct multiple wpstréam detention al 1LF. Kennedy, pedesinan bridee, $5.250,000

and upper Carter. Excavate additona| storage a8 Wes 32nd Dedention
Cell and remove and replace outlct structure. Purchase properlics localed
withir the 100-year Mood pool.

WwWiz2.2 Construct multipie upstream detention at T F. Kennedy, pedestnan bridge, S OO0 00
anl upper Caner. Increase exisuing berm elevation to provide additional
storage at Wesl 32nd Detenton Cell and remove and replace outlel
structure. Purchase propenics localed within the 100-vear Nood pool.

W23 Construct one laree upstream detenuon af upper Carter. Excavae 54, TIKLHK]
additional storage ar West 32nd Detention Cell and remave and replace
oulet slruenere. Purchage properics located wittun the 100-year flood
pol.

W3il-4 Construct one large opsivearn derention at upper Carter. Increase existing $3,300,000
berm clevation o provide additional slopage at West 3nd Detention Cell
and remove and replace outlet structure, Purchase propertics located
within the 100-year flond pool.

Waz.s Construct one large upsiccam detendion at upper Carter. Increase existing S, 700300
berm elevation and excavale cxising aréa W provide additiomal sworapge 0
Wesl 32nd Detention Cell and remove and replace oullel simecture,
Purchase propenies locaed within the 100-year Aond pool,

home:

b, Contungencies (254 were added to account for estimated quantitics. umil pnce adjustments and miscellaneous work
Telated mems. An addimonal 2% was included for administrative, legal and engineenng costs. Rightsof-way,
operation and maineenance and rigation costs were nol meloded. Costs based on low s Departrent of Transporation
1999 unit poces.

Cinv of Drbrgne, lowa Drainapge Basin Masigr Plan
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4.2.5.2 Channel and Drainage Structure Improvements

No opporiunily was found to make significant impacts on flood damages Lthrough chatmel or
slorm sewer improvemnents in the West 32nd Street Subarea.

4,.2.6 Recommendations for Improvement Alternatives

The program developed for the City of Dubuque consists of the recommended solutions for the
West 32nd Street Drainage Subarea and could be implementad by the City.

It is recommended to implement the itemns conlained in detention improvement alternative W32-
5. This alternative includes construction of one larpe upstream detention cell at upper Carler,
increasing the existing berm elevation and excavating existing area to provide additiomal storage
al the West 32nd detenign cell, removing and replacing the outlet structure at the West 32nd
Street Detention Cell, and purchasing properies located within the 100-year flood pool of the
West 32nd Street Detention Cell, While this zltemative was not the least cost alicrnative, the
additional incremental impact on [looding is substantial refative to the increased cost.

4.2.7 Project Phasing

The recommended improvements were ranked based on the resulting benefits in comparison to
the costs of improvements. In this manner, the proposed West 32nd Stregt Subarea
improvements were prionnzed, as shown in Table 4.12. It 15 recommendad that detention
improvements at the most upstream areas are built first and then proceed downstream.

Ciry of Dubuque, lowa Dirainage Basin Maseer Flan
Bee Branch Drainage Basin 436 Fall 20611
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Tabe 4.12
West 32nd Street Drainage Subarea
Recommended Improvements Summatry

Drainage | Estimated -
Subarea Laoscation Recommended [mprovemnents . 1
Dar : Capitaf Cost
Prinrity :
| Mofibwest Ancnal | Modify 1he drainage structure by constricting the existimg 4-foot $3.000
(W32-3T-15 opeping W increase the peak swomge bebind the  teadway
cmbankment
2 Uppsee Carer Bled. | Construct an carihen embankment and outler sysietm white the 5874000

(W2 DET-4) West 32ngd Sieeer drnage chanoel tums nonheusterly aong
Carter Blvd. 10 block the natural ravine area and restocn ootflow.

3 West 32nd Streel | locrease exising herem elevation and excavate exisling wres 1o 53831,000
Dtention Cell provide additional storape Remove and replace outlet siruelute,
(W32-5T-13 and purchase properties located witkin the 100-yoar ok noel,
Total Estimated Capital Cost: 34,704,000
Tooe:

1. Estimated capital costs include condinpencies {2550 to account for cstimated quannities, woit price adjustients, amd
migcellaneous wark relited iems. An addinonal 25% was included for adminisieauve. lepal. and engineering costs.
Right-of-way, operation and maintenance. and mitigation cos1s were naob included. Costs based on low a Department of

Transportation 199 upil prices.

4,3 KAUFMANN AVENUE DRAINAGE SUBAREA

4.3.1 General Subarea Description

The Kaufmann Avenus Drainage Subarea (Kawimann Subarea) 1s located in the west central
partion of the Bee Branch Drainage Area. The drainage subarea measures approximately 1.3
square miles and drains in an easterly direction into the Bee Branch storm sewer trunk line
through a 6-foot x 3-foot oval pipe.  The drainage area is ronghly bounded by Kane Street to the
north, Clarke Drive to the south, Carter Road to the west, and Nornth Main Street to the east.

Elevations in the subarea range from 914 feet in the upper portion to 618 feet at the outlet. The
main drainage path through the subarea follows Kaufmann Avenue, where water is conveyed in
the storm sewer and the sireet. The overall slope aleng this path is 2 percent.

Cin of Dubagre, fowa firainage Barin Master Plan
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4.3.2 Flood Rydrology

The HEC-HMS model was utilized 10 compute the peak runoff rates for the 10-year, 50-vear,
100-year and 500-vear return period storm events. Runoff hyvdrographs were developed for each
storm event for ukiimate development condition, as defined by the City’s comprehensive land use
plan.

Figure 4-11 depicts the subbasin delineation, while Figure 4-12 15 a schematic of the HEC-HMS
model. Table 4.13 provides a summary of peak runoff rates for selected siorm events at key
Ipcations in the Kaufmann Avenue Drainage Subarea. A summary of the peak runoff rates for
subbasin hydrographs can be found in the Hydrologic and Hvdrauhc Appendices.

Table 4.13
Kaufmann Avenue Drainage Subarea Peak Runofl Summary
Existing Drainage System Conditions
- L}
HEC.HMS on Dr::::ge FPeak Runoff Rate (cfs)
Node No.’ \ 10-Year | 50-Yenar | 100-Year | 500-Year
(5q. mi)
Kaufmann - Main Channel
2 Kaufmann & Heeb 1.30) 1.630 2400 2,B00 3.960
20 Kaufmann & Hempsiead 1.22 L.420 2370 2,760 3,920
Lk Kaufmann & Valena 1.15 15000 2.350) 2.740 3E80
& Kavimann & Kane 10 1.530 2.240 2,600 3680
7 Kaufmann & Tributary .03 1.520 2.210 2.570 3620
9 Kaufmann & Grandview (.83 1.480 I.150 2.490 3.500
3 Kanfmann & Grandview (hd4 320 1,130 1.370 1.930
4 Kaufmann & Tributary (M) ()34 770 1,120 1.290 LEID
16 Kaufmann & Tributary (5) (.29 HO0) QG 11410 1.590
19 Kaulmann & Maryville 0.22 550 790 910 | 1.270
Dirive
12 Kaufrmann & Tributary {5} 19 S0 70 B20) 1.140
Kanfmann - Tributary No. 1
11 Bunker Hill Golf Course 0.33 630 G40 l 1.090 1.540
14 Bunker Hill Golf Course 0.18 500 740 | 86D 1,210
21 Bunker Hill Road (.05 180 260 290 390
22 St Ambroise 0.0 el 250 30 430
NOCs:
Y. See Figore 4-12 for locatiom of HEC-HMS node and wentificalion number.
2. Peak ropcfT rates bascd on ulitmale land vse conditions and simulanon of a 23-hoar stomn event.
3. Peak discharpes reporied are outflows from the specified nede,

Ciry af Dubugue, lowa
Bee Branch Drainage Bagin
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4.3.3 Stream Hydraulics

The main channel is along Kaufmann Avenue, where the storm sewer and the street convey flow,
Flow in tributaries also is conveved throueh streets and storm sewer systems. A simplified street
cross-section and Manning’s equation were used 10 deterrine the hydraulics in the streets on the
main channel and tributaries studied. A rectangular cross-section using the average longitudinal
street slope, curb height, and street width along with 4 Manning’s roughness coefficient of 0.013
was assumed to determine the street or curb full capacity. An average longitudinal street slope
and Manning's equation for full pipe (low determined the capacity of the existing storm sewer
system. The existing hydraulic capacity of the system was equal to the summation of the pipe
and street MMow, The total convevance was then compared 1o the 2-vear and 10-year peak
discharges. The [low in excess of the storm sewer capacity (not including curb full capacity)
was used to size a proposed relief storm sewer systemn. The additional capacity required for the
proposed reliefl sewer system was determined by subtracting the existing storm sewer pipe
capacily from the peak discharges for the 2- and 10-year flood events. Manning’s equation for
full pipe MMow and the existing average longitudinal street slope were used to calculate the pipe
size required for the additional capacity.

A summary of the hydraulic capacity at several locations along the Kaufmann Avenue Drainage
Subarea is presented in Table 4.14. The additional capacity required for a proposed relief sewer
to convey the 2- and 10-year ood events is presented in the two right-hand columns of Table
414, Twelve of the storm sewer sepments cvaluated do not provide the hydraulic capacity
necessary for a 2-year ood event, and all fifteen slorm sewer segments analyvzed fail 1o provide
the hydraulic capacity necded for a 10-year flood.

4.3.4 Problem Areas

The hydrotogic and hydraulic analyses provided the information needed for identification of
areas not in compliance with the Ciry’s draimape standards/criteria. The frequency and hazards
assoctated with paricular Mood events must be taken into account; therefore, the flood protection
required may vary from street to street. Consequently, the sizing of storm sewers must be
performed on a case-by-case basis, while considering the impact of each portion on the entire
system.

Cirv of Dubiigue, fowa Draimage Basin Master Plaa
Bee Braneh Drginage Basin 4.9 Fall 2001
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Table 4.14
Kaufmann Avenue Drainage Subarea
Existing Hydraulic Capacity Summary
- . . Total Existing Additional Hydraalic
HEC- POf0g | poadway | O™ | Typiew | PIeAl | Street Hydraulic Discharge (cfs) Capacity Reguired
. Roadway - | Siorm Sewer Street Capacity - . . ., . F
HMS Location fication Se Stope . 1 Curh . 3 Capacity - {Circular Pipe Size, inches)
Node No. ! . Classificalion : wr.fr (%) Capacity - Height (in) Width Curb Full Street & Sewer
. .| Size (im} {cfs) - (o) (cfs) (cfs) 2-Year 10-Year I-Year 10-Year
Kaufmann - Main Channel
2 Kaufmanno & Heeb Minor Anerial | 54 and 60 I.l 48() 7 36 170 650 T50 163} 60 108
20 Kaufrann & Hempstead | Minor Anerial | 54 and 60 1.3 520 7 36 P 710 750 1.620 6l 102
10 Kaufimann & Valeria Minor Arterial £4 | (il 7 36 130 810 T4} 1.600 42 102
& Kaufmann & Kane Minor Anteniai 84 0.8 370 11 3G 310 RO o 1.530 54 1n2
7 Kaufmann & Tributary | Minor Areral 78 - 84 1.1 5330 i 36 10 560 T 1,520 534 102
g Kaufmann & Grandview | Minor Arterial T3 1.5 50 3 3H 230 T GO0 1.480 48 96
3 Kaufmann & Cirandview | Minor Anerial 72 .7 550 12 36 520 1070 394 820 None )
4 :fj;'fr“"““ & TrbUtAry o\ pror Arterial | 54-60 | 24 300 9 36 390 690 380 770 36 66
16 E“ﬁm"“ & THbUAG | pfinor Arterial 54 2.3 300 8 36 310 610 340 690 30 80
18 gfiima““ &Marysille | oo Arteriat | 4854 | 256 230 6 36 210 440 280 550 30 54
12 E"fmﬂ““ & Tributary | o Anterial 48 3.1 350 5.5 36 20 450 250 500 None 48
kaufmann - Tributary No. 1
11 Bunker Hill Golf Course | N/A 48 - 34 2.2 210 40 - 210 340 650 42 66
14 Grandview Minor Anecnal 36-34 22 100 6 40 210 3] 240 500 42 6
21 Bunker Hill Road Eesidennial 3z 4.5 114 5 20 118 220 O 180 None il
22 St Ambroise Coileetor 24 - 48 39 (] 4] Ll 2140 250 70 1<) 24 36
Mores:
1. See Figure 4-12 for location of HEC-HMS node and idemification nuember.
1 Assomwed Manming Roughness Coclivcient of n=0.013 and full pipe flow conditions.
A Assumed a rectanpular cross-section for curb ful] flow conditions,
4. Additonal capacity reguired for pape flow only = ne streel flow,
City of Dubugue, fowa Drevinage Basin Master Plan
Bee Brunch Drainage Basin 4-20 Falf 200}
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4,3.5 Development of Alternative Solutions

Because the Kaufmann Avenue Drainage Subarea is located in the upland areas of the Bee
Branch basin, eomstruction of detention cells could potentially have an effect on flooding in the
Couler Valley area. Detention storage in the upper portion of the subarea would provide relief
where development has exceeded the capacity of the siorm water conveyance system located
downstream. Expansion of the capacity of storm sewer inlets and pipes may alsc signilicantly
reduce looding strects and adjacent properties within the Kaufmann Avenue Drainage Subarca.

4.3.5.1 Detention

While detention storage in the Koufmann Avenue Drainage Subarez may have a significant
impact on (looding problems in the Couler Valley area, few polential sites for construction of a
detention cell exist, Only one siie in the Kaufmann Avenue Drainage Subarea was identified as a
possible location for a detention cell. The site is located on the roadway cotmecting Grandview
Avenue and Kaufmann Avenue {(Grandview/Kaufmann connecior), as shown in Figure 4-13. To
take advantage of the starage volume available at this location, an earthen embankment would be
constructed across the roadway, thereby eliminating the Grandview/Kaufmann connector.
During extreme storm events, the Grandview Avenue intersection would be closed to traffic and
a detour would be posted on the approaching segment of each roadway.

The proposed embankment would pond water on Grandview to the northwest and south up to an
elevation of approximately 720 fect. This is approximately the elevation at which water would
begin 1o spill over the crest of the hill on Grandview Avenue. A maximum volume of 43.5 acre-
ft would be stored at this elevation.

The impact of the construction of this detention cell was evaluated by modifying the HEC-HMS
hydrologic model. The stage-storage relationship lor the detention cell was estimated uwsing
topographic information from the DAGIS. Stage-discharge data was created assuming a 48-inch
reinforced concrete pipe outlet with injet control using FHW A nomographs and orifice discharge
equaticns.

The 100-year peak inflow to the proposed Grandview/Kaufmann Detention Cell was estimated at
1,120 cfs. The storage provided by the proposed detention cell atlenuated the peak discharge by
855 cfs (76%), o 265 cfs, immediately downstream of the detention cell and reduced (he peak
discharge by 30% (from 2,800 cfs to 1,950 cfs) at the outlet of the Kaufmann Avenue Subarea.
However, (looding may still occur downsiream because of the coincidence in peak discharges
from adjacent subareas.

Ciry exf Dibrieque, fawa Dirginage Bagin Master Plan
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Construction of this detention celi would result i1 maximum ponding depths on Grandview
Avenue up to 20 feet, so safety issues must be addressed. Dunng storm events, the impacted
section of Grandview Avenue would be closed (o traffic. A system ol advanced warming signs
and bamcades alening people to the danger as well as prohibiting access to the area would be
instailed. The estimated cost for the Grandview/Kaufmann Detention Cell is approximately
5530000, A detailed breakdown of this cost estimate is provided in the Opinion of Probable
Construction Costs Appendix.

4.2.5.2 Channel and Drainage Structure Improvements

The hydraulic capacities (pipe sizes) required for conveyance of the 2-year and 10-year flood
events are reported in Table 4.14.

4.3.6 Recommendations for Improvement Alternatives

The program deveioped for the City of Dubuque consists of recommended solutions for the
Kaufmann Avenue Drainage Subarez and could be implemented by the City. It is recommended
to implement the proposed Grandview/Kaufmann Detention Cell. This proposal includes
construction of a 20- 1o 25-foot earthen berm, installation of a 48-inch ECP outlet structure, and
providing adequate advanced warming signs and proper street lighting.

4.3.7 Project Phasing

The only recommendation for the Kaufmann Avenue Drainage Subarea is the proposed
Grrandview/Kaufmann Detention Celi; therefore, no preject phasing is required for the Kaufmann
Avenue Drainage Subarea at this nme. The recommended improvement is summanzed in Table
.15,

Table 4.15
Kaufmann Avenue Drainage Subarea
Recommended Improvemenis Summary

Drainage S : Estimated
Basin Localion - Recommended Improvements Capital
Priority ' - | Cuost!
| Grandview/Kaufmann | Construct 20- to 25-foot carthen berm, install 48- $330,000
Dietention Cell inch RCP outlet structure, and provide adequate
i warnting signs and lighting.
Total Estimated Capital Cost; $530.000
Moae:

1. Estimacd capinal coss inchede contingsneies (25%) w0 accoum for esumared guantities, vl prce adjusiments, and miscellaneous
work related items. An addiional 25% was imcluded far adrminisirative, legal, and engmesrmg costs, Righl-of-way, operation
ard mainlpnance, and mibgalon costs were nod included. Costs based on Towd Departmem of Transpastaion 1999 unit prices.

Ciey aof Diedieipree. foowa Drainpe Basin Master Plan
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4,4 LOCUST STREET DRAINAGE SUBAREA

4.4.1 General Subarea Description

The Locust Street Drainage Subarea (Locust Subarea) is located in the upper reaches of the Bee
Branch Drainage Subarea. The drainage subarea measures approximately 0.9 square miles and
drains inle the Bee Branch storm sewer trunk line through a 10.3-foot x 15-foot RCB.  The
drainage area is roughly bounded by Clarke Dnive to the north, Unmiversity Avenue to the south,
Avoca Street to the west, and Central Street to the gast.

Elevations in the subarea range from 900 feet in the upper poriion to 620 feet at the outlet. The
main drainage path through the subarea follows Locust Street, where waler is conveyed in the
storm sewer and the street. The overall slope along this path is 2 percent.

4.4.2 Fleod Hydrology

The HEC-HMS model was utilized to compute the peak runoff rates for the 10-year. 30-year.
10G-year and 500-vear return period storm events. Runoff hvdrographs were developed for each
storm event for ultimate development conditions, as deflined by the City’s comprehensive land
use plan.

Figure 4-14 depicts the subbasin delineation, while Figure 4-15 is a schematic of the HEC-HMS
mode]. Table 4.16 provides a summary of peak runoff rates for selected storm events at key
locations in the Locust Subarea. A summary of the peak runoff rates for all sub-basin
hydrographs can be found in the Hydrologic and Hydraulic Appendices.

Tahle 4.16
Locust Street Drainage Subarea Peak Runofl Summary
Existing Drainage System Conditions
: ]
HEC-HMS o _ D::;:;:ge. : Peak Runoff Rate (cfs)
Node No.* Loca , 10-Year | 50-Year | 100-Year | 500-Ycar
{sq. i)
Locust— Main Channel
- - 1 T ]
2 16th and Cedar oooen b 870 1.330 1,530 23100
1 17th and Cernural (.38 860 1.320 [.570 2,290
3 17th & Dargan Place .87 ‘ 850 1,300 1560 2,380
4 Locust and Clark 082 g20 1.250 1,450 2,470
B | Locust and Fierce ! 0,70 H 740 1.130 E.340 1,860
Ciry of Dubugue, fowa Drrainape Busin Master Plan
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Table 4.16
Locust Street Drainage Subarea Peak Runoff Summary
Existing Drainage System Conditions
- L
HEC-HMS ion I}r::::ge FPeakt Runoff Rate (cfs)
Node No. " _ N 10-Year | 50-Year | 100-Year | SO-Year
(54, i) 1
& Locust and Kirkwood o4 H90 1.060 1.260 1.B40
5 Locust and Rosedale {54 a50 D) | 1,720
7 Rosedale and Glen Oak .44 520 &0 60 [.400
10 Rosedale and Adair 029 360 560 GOl 970G
12 Ala Place (.05 70 100 1 150
Locust- Tribotary No. 1
g Loras and Cox D Gl 1CH) 120 170
Locust- Tributary No. 2
11 WYernon and Glen Oak 0.06 o0 140 16 240
Locost- Tributary No. 3
13 Custer and Grandview 0035 70 1CH) 0 180
MoeEs:
1. Sec Figure 4-15 for location of HEC-H¥ S node and idemi foagion number.
2. Peak runodl rawes based on ulumate land vse condivions and simaulaion of 2 24-hour storm event,
3. Peak discharges reported are outflows from 1he specilied nide.

4.4.3 Stream Hydraulics

The main chammel 15 sleng Locost Street, where the storm sewer and the street convey Mow,
Flow in tributanes also is conveyed through streets and storm sewer systemns. A simplified street
cross-section and Manning's egualion were used to determine the hyvdraulics in the streets ou the
main channel and tnbutanes studied. A rectangular cross-section using the average longitudinal
street slope, curb height, and street width along with a Manning's roughness coefficient of 0.013
was assumed to determune the sireet or curb full capacity. An average Jongitudinal street slope
and Manning's equation for full pipe MNow determmined the capacity of the existing storm sewer
system. The existing hydraulic capacity of the system was equal to the summation of the pipe
and street flow. The total conveyance was then compared ¢ the 2-vear and 10-year peak
discharges. The flow in excess of the storm sewer capacity {not including curb full capacity)
was used (o size a proposed relief storm sewer system.  The additional capacity reguired for the
proposed relief sewer system was determined by subtracting the exisling stonm sewer pipe
capacity from the peak discharges for the 2- and 10-yvear flood events. Manning's equation for

Cirv af Dubrque, fowa
Bee Branch Dratnage Basin .24
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full pipe flow and the existing average longitudinal street siope were used to calculate the pipe
size requited for the additional cupacity.

A summary of the hydranlic capacity at several locations along the Locust Subarea is presented
in Table 4.17. The additional capacity required for a proposed reliel sewer to convey the 2- and
10-vear Mood events is presented in the two right-hand columns of Table 4.17. Seven of the
storm sewer segmems evaluaied do nol provide the hydraulic capacity necessary for a 2-year
MNood event, and all thineen storm sewer segments analyzed, except for the Vemon Street
segment, fail to provide the hydraulic capacity needed for a 10-year MNood.

4.4.4 Problem Areas

The hydrologic and hydraulic analyses provided the wnformation needed for the identification of
areas not in compiiance with the City’s drainage standards/crieria. The frequency and hazards
asgociated with particular food events must be taken into account; therefore, the MNood protection
requited may vary from street to street.  Consequenily, the stzing of storm sewers must be
performed on a case-by-case bagis, while considenng the impact of each portion on the entire
system.

An evaluation of the existing storm sewer system along Rosedale Avenue from Grandview
Avenue 10 Locust Street was performed for the 2-year and 10-vear Mood events. This segment of
storm sewer corresponds to HEC-HMS nodes 6, 5, 7, 10, and 12 in Table 4.16 and 4,17, The
hydraulic capacities presented in Table 4.17 are for a relief sewer to supplement the existing
system. The pipe capacity required for a complete replacement of the existing sewer sysiem also
was performed. The results of this analysis are presented in Table .18 for the 2-year and 10-
year [lood events,

Ciey of Dnbugre, lowa [Yrainage Basin Masier Plan
Bee Branch Drainage Basin 4-25 Fall 2007
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Table 4.17
Locust Streei Drainage Subarea
Existing Hydraulic Caparity Summary
. o . ' Total Existing _ . . .
Exisling Storm . Typical Street iscl . Additional Hydraulic Capacity Required
HEC- . Roadway Siorm Roadway Sewer Typical Street Capacity - Hyd ra_u]j ¢ D rge {cls) {Circular Pipe Size, inches)* :
HMS Location . - Slope 7 Curb , 3 _ Capacity -
Node No. ! (assilicalion Sewer (%) Capaclty Height {in) Width | Curb Full Street & Sewer
’ Size (in} {cTs} {f) - (cfs) (cfs) 2-Year 10-Year 2.Year 10-Year
Locust Street — Main Channel
2 Loth and Cedar Coliectar 34 20 IR0 5.5 36 160 440 400 870 42 72
1 17th and Central minor Arnerial 54 6.3 490 11 36 B 1360 390 E60 Noneg 54
3 17th and Dorgan [lace | Minor Arerial 54 =460 2.9 340 20 36 155( 1390 3490 £50 30 6
4 Locust and Clark Minor Anerial T2 08 380 18 36 690 1070 370 820 MNatte 78
& Locust and Pierce Minor Anenal 72 0.9 400 6 36 1240 530 340 740 None 72
& Locust and Kirkwood | Minor Anerial G0 14 310 4.5 40 100 410 314 690 12 i
3 Locust and Rosedale Minar Aneral -T2 1.7 a 7 36 210 300 300 650 54 75
7 posedaleand Glen | Collector 36 - 42 24 100 7 36 260 360 240 520 a2 66
10 Rosedale and Adair Coliector L5 30 i g i 360 370 160 360 42 ]
2 Alla Place Residennial 24 -34 36 40 55 30 180 220 30 T None 24
Locust Strect - Tribotary No. 1
o Loras and Cox Minor Anenal 12-36 5.5 [I] 5.5 24 170 L& 30 G0 18 24
Locust Street - Tributary No. 2
1l Vemon and Glen Oak | Residennial 36 -4 6.4 170 7 24 270 ddf} d4f] 90 MNaone MNone
L.ncust Streel - Tributary No. 3
13 Custer and Grandview | Minor Anerial 24 - 30 36 40 5 24 120 164 a0 70 None 24
wNoles:
T. Bee Figure 4-15 Bor [neation of HEC-11MS node and idemeficalion numbet.
2. Assumed Manning Roughness Coclhicient of n=0012 and full pipe fow conditions,
3 Assumed rectangular cross-section for curb full fAow conditions.
4. Additional capacity reduired Tor pipe flow only — no sireet flow.
Cirv of Dubugne, fowa Brainage Basin Master Plan
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Table .18
Locust Street Drainage Subarea
Hydraulic Capacity for Sterm Sewer Replacement

Total Hydraulic

HEC- Existing Discha ;
- rge {cfs) Capacity Required
anjurf , | Lecation 5“'5"'; ?F“' {Circular Pipe Size, inches) *
& e " [2¥ear | 10.Year | 2Year | 10-Year
Lovost Strevl = Main £ hannel
Locust &
1 .
6 il oo ) 110 600 i X
5 Locust & 36— 72 300 65() 60 78
Rosedale ,_, .
Rusedule & - - n s
7 Glen Oak SG-42 240 5 54 (01
14 Rosedle & 15 160 W) 42 ()
Adair . ———— J—
]_2_ _ Abta Place _24 = 30 ) FLN 24 Al
Sanrte

Lo See Fapme 405 Tor locatests ol THEC-TIAE naode and wennificalsse sartiker

2 Tomak capucrts reguired o replaceneent of CasiLny AT sewer.

4.4.5 Deveiopment of Alternative 5olutions

Although altematives were developed jo address the special problem arca alone Rosedale
Avenue. peneral altematives focused on the entire subarea were not established, No avaluble
sites Tor remponul detention exist because of the topoaruphy und land wse of the Lovust Subarca.
1t shauld alsa be noted that the expansion of the capacity of <torm sewer inlets and pipes might

stemificantly redoce sireet and property floodme within the Locust Subarca,
4.4.5.1 Detention

Resonal detention 1s not viable within the Locust Subarea. s the subarea is Tully developed.

4.4.5.2 Channel and Drainage Structure Improvements

The hydrauhe capacity (pipe sizes) required for conseyance of the 2- and 10-veur flood events
are repored in Tables 4,17 and 4.18.

ey af Malvagee. fora frgfenees Borsfer Aferster Plan
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4.4.6 Recommendations for Improvement Alternatives

The sizing of mdividual siorm scwers should be perdormed on a case-by-case hagis. The
potentiul for oot damage posed by the various storm events should be weighed aganst the cost
of improvement.

4.4.7 Project Phasing

No progect phasing is required for the Locust Subarea it this time,
4.5 CENTRAL BUSINESS DISTRICT — NORTH SUBAREAS

4.5.1 General Subarea Description

The Central Business District — North Drainage Subarcas (Central Business [District - Nuorth) are
lowcated inothe center of the Bee Branch Dramage Subarea and mcludes Washinowen Streer,
Windser, Hamibon, Dock and Upper Kerper Drainuge Subareas.  The drainage subarea
measures approaimately 1.9 square meles and 1% roughly bounded hy West 32nd Street 1o the
north, 17th Sireet to the sowh, Central Street to the west, and Peosta Channcl (o the east.

Elevations in the subarca range from 644 fect in the upper portion to 54 [eet al the [6th Street
Dctention Cell,. The main dranage path throueh the subarca follows Washinoton Strect, where
waler 5 conseyed in the storm sewer und the street. The overall stope along this path is 0.5
pereent.

The muin Bee Branch stomm sewer trunk line s the maan channel in the Bee Branch Drainaese
Arca, The storm sewer beging approximately G23-feer west of the intersection of West 32od
Street and Suunders Street then travels i a southeasterty directian to Washinglon Street and 28ih
Strects. us shown in Figures J-18A and 4-18B. The trunk hne then follows Washington Street 1o
24th Sureet where the atignment changes to Elm Street. Near 21st Street the alignment leaves the
sirect and trangverses under conunercial and industrial propertics o it outllow inta the 16th
Street Detention Cell. The storm sewer begins as o 10-foot by 9-foot concrete arch and
terminates s o 20-Toot x 1 2-Tool stone box. The City has inspected and cleaned 1he storm sewer
witfien the last couple of years and has rated the condition of the storm sewer as “eomd”.  The
totad lengih of the truck Hne s approxamately 10.400-fcet and the pipe falls approvmately 40
{cet over its length for an average slope of 4% .

Numerous collector storm sewers enter inle the Bee Branch trunk ling system. The West 32nd,
Kaufmann, and Locust Subareas a1l interscet the Bee Brunch trunk hine storm sewer system with
a varicty of collecior pipe sizes. The largest collector pipe 15 o JOL5-Toot s 13-foot reinfarced
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concrele box draining the Locust Subarea entenng the Bee Branch trunk line at 15th and
Sveumore Sreets. A 10-foot x 9-foot concrete arch pipe discharees inte the Bee Branch trunk
ling Mrom the West 32nd Subarga, and a 6-foot £ 3-Toot ovul pipe drains the Kaulmann Subarea
into the Bee Branch trunk line. Several 12-inch pipes also join the trunk ling in the upper portion
of the storm sewer trunk hine,

The 161th Street Detenuon Cell is located i the outlet of the Bee Brunch trunk hine storm sewer,
It is an interior drainage ponding arca adjacent 1o and pratecung the Couler Valley wea from
Mississippi River Moodwaters.  The 16th Street Detention Cell pump station 1s an outdoor
installation consisting of two pumps rated at 900H-cpm wl an 18.7-foot totul dynamic head
{TPH) und one pump rated af 20.000-gpm at 2 25.4-foat TDH. Twin 12-foot by 12-foot box
culverts serve as @ gravity outlet into the Peosta Channel. Dunng penods of high nver stages,
the calvens are closed on the nverside with sluice gates mounted on the discharge headwall of
the omlets. When the gates are closed, the culvens serve as a sump and imtake bay for the
pumps.

4.5.2 Fiood Hydrology

The HEC-HMS maodel wus wtilized o compute the peak runoff rates for the 10-year, S0-vear,
100-yeuar and S00-year retumn penod storm cvents. Runoff hydrographs were developed for each
storm evenl (or ultimate development conditions. as defined by the City’s comprehensive land
use plan. Washinglon Street is the primary streel where the Bee HBranch storm sewer trunk Line s
locited, The FIEC-HMS model was used 10 route hydrographs to the Bee Branch storm sewer
trunk hme. Where subareas feed imo the Bee Branch storm sewer trunk hie. the hydrographs
were exported from HEC-HMS o XP-SWAMM. The XP-SWMM model was then used 1o route
and comhine hydrographys atong the Bee Branch storm sewer trunk bine itself.

Fizure 3-16 depicts the subbusin delinesuon, while Fieure 4-17 i o schematic of the HEC-HMS
model. Tables 419 and 4.20 provide a summary of peak runoflf raes for selected storm ovents al
key locations in the Central Busioess District — Northe A summary of the peak munoff rates for
the subbasin hvdrographs can be found in the Hydrologic and Hydraalic Appendices.
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Table 4.1%
Central Business District - North Drainspe Subareas
Peak Runoll Summary fer Existing Drainape System Canditions

Drainege Peak Runoff Rate (cfs) >

Location Area | 0 Year | 50-Year | 100-Year | 500-Year
{s1. mi}

HEC-HMS
Node No. !

Windsor Avenue— Main {Channel
2dth Sireer and

BO_L7 T (1,39 190 7 240 1,200
Washinglon

A Windsor and Burden (.27 430 O T30 10730

Y

Hamiton Streel— Blain Channel

Hamilton Peosty Chanel T I 150 230 250 3]

Diock Streel = Main Channel

Dock Peasta Channel (16 158 280 320 470
Upper Kerper
| = : - .
. toth Strect Detention _

Upper Kerper | o070 .24 150 240 201} A0
L
£ 15th Strect and - T

1313278 Do {05 A iy R 120
| Syemmore

Swoes

o oPeak ramedl rutes hused e wlnnse land vse condotnens and samualatrent ub e 2d-feur storm event

2 See Pipare 4217 B Jocation of HEC PP node and sdetiafiesnion noanbgr

. Peak dhsghurges reporied are vl Mesa s Teom dhe speyiDed e

4 Sec Tabkle 4 20 for ik rusd® rtes wlong Bee Branch trunk bine.

S Feah discharzes trom sobaress and subhasans caiculuied qe HEC HSS L peak dischie pes along Bee Branch sbomi sewm

treenk, hine culouiated o XNPCOSWAA

4.5.3 Stream Hydraulics

The vcomplexity and importunce of the Bee Branch storm sewer irunk hne suggested @ sepurate.
detiihed analysix should ke pedformed. The Bee Branch storm sower trunk line was analveed
using un AP-SWMM maodel. und o simpliled street cross-section and Manning’s eguation were
used to analyze the hydraohies of other storm sewers and strects not direeily impucted by the
main Bee Branch trunk hne.
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Table 4.20
Washington S5treet Drainape Subares Peak Runodt Summary
Existing Drainapge System Conditions Along Bee Branch Trunk line

Mules

I Peak rumofl maies hosed on ultmke land o comdataes and sasulatan ol o 2-4-HBour sbeent esem

e

Sereet

Peuk i o imto otk Svepet Derenibion Cell froom B Brangbostoom wwer tnenk bioe.
Pk eoimg comdinums cutBow Trom West 32md Sireet Petesion Celi
Strect amd pipe Mo lacatiens Jiber dae o eriond Bow pathe Beporoed sircer fow Dor 15800 aoed Sscarsme ¢ X1-5WRIM e 270 owased o the ol chossimg amd 13
Fepened sireet fhew fon rnbrood betweon TR wind 1900 Seeels o0 P-5WAA SNode 240 1 Bocated of B aed 1w Sarcet

S Hee gure J-THA and - TER Gor lowiedt ol X1-5WSTSE nowde and wenlifteutson number.

XP- Total Flow (cfs) ' Street Flow (cls) Pipe Flow (cfs)
Location | SWMM | Comment 10-Yr | 50-Yr [100-Yr [ 10-Yr | 50-¥r | 100-Yr | 10-¥r | 50-yr | 100-¥r
I6th f:[lrcq.‘i . 24 See Mote 2 below, ‘ 1K) 4,040 ERL - - - ) i
Dyetention Cell ! —
o Locust Streer
|5th Street & 27 | Subarca nflow. | LI | 4640 | 7080 |0 o | rae ] oaam | 4ea | s
Sycamuore
- See Note d belowe, ] Cam o
L o [ Fari
I8th/E5th Streets 20 | SceNowdbelow. | 22100 | 730 | 4790 | 1500 | 1010 | 2730 | 20060 20200 | 20060
& Rmdroad
I2ud Street & Elm | 19 &:;“f:f‘f”}:ﬂf;:““‘ DUKE § ORS00 | 4S80 | wen | 2230 | 3260 | 1340 13 | 130
24t Street & Liny 17 Wiadsor Avenue East bo2210 | 2850 | 30 | Liso | 1820 99t 10 | 1odu
Subarea Inflow !
A T ;
<fith Street 14 gar 117800 | 2230 | owo 770 11270 Re H80) D)
SWashingion ] ! -
T S et K :
=71 Sreet & ) $56 1 L7220 | 2asn |0 720 | 1200 840 1 Lotw H81]
Washington | I —
ath urect & 3 g0 1 Leot | 2090 f 60 | LAkt 8% L3 | 1w
Waslungion o I S ————e
L b ot et
West 32nd Strec 2 7001 Led0 | 2040 | 0| 680 | 1080 750 9601 96
| & Sounders Sweet S N
- n ket
West dond Mrect I | See Note 3 below, 770 | LS | rese |- : - . '
Peention Cell o I I —

i aof ubngne. b
fee Branch Lvarmape Basin

Ny

Fresitiage Beon Alaver Pl

Feell 2ekind




4.5.3.1 XP-SWMM Analysis

MNE-SWAMM s a proprietary procram developed by XP Software and is an enhunced version of
the Environmental Prodection Agency (EPAY Storm Water Management Model (SWMM). XP-
SWAHMM models unsteady closed condutt and open channel flow wsing o senes of links and
nodes. Links represent pipe segments and channel reaches, while nodes represent manholes,
junctions. and storage cells. Nodes connect links o creaie hncar, branched, or looped systems
making it pussihle to mode! complex networks of pipes and channels.

An XP-SWMM model was developed to assess flooding problems along the Bee Branch trunk
hine locaed in the Couler Valley area of the City of Dubugue. The Bee Branch trunk line model
contains several broad assumptions and 15 imtended 0 be a useful ool in evaluating alternative
Nooding impacis.

4.5.3.1.1 Mocdel Assumptions

Main Siorm Sewer Trunk line

The mode] seometry of the Bee Brinch trunk line wis based on profile drawings provided by the
City,  Information available on this profile included slope, shape. size and material of the
scements making up the trunk line. Twenty-eight (28) nodes were created in the XP-SWMM
mode] where a chaage in slope, shape. size or matertul nccumed. Several additionad nodes were
mserted where munor tiibutary sewer lines connected to the nwin line and it was nol mcasonable
to shift the junction to the next upstream node. The twenty-gight (28} nodes along the tnain
trunk line of the storm sewer wre shown in Figures 4- 184 and 3-18B.

Friction losses o XP-SWAMM are calcubated based on Muanning’s roughness coefficients,  In
aenceral. minor losses were ol considered on the marn tuck line storm sewet, Losses
manholes were neglected becouse manholes do oot invelve expansion and contruction of MNow,
Munhedes are not a barrel sectuon, but are a tap in the top of the condmt and are small relative 10
the conduit cross-secuon. Junchion fosses were ulso neglected due 1o the small amount of Mow
coming from the tributanies relative 10 the Now in the mun wrunk line. In cases where major
bend losses were apparent, an equivalent Manning’s roughness coeificient in the link where the
hend ocours was caleuluted to include these effects. Where pipe size changed by more than 20%.,
entrance or exit losses were ingluded 1o account for coniraction or expansion of flow. Expansion
and contracuon coctheiems of 0.7 and (L3 were wsed respoctively, BEntrance and oxat loss
coeffivients of 0.5 and 1. respectively, were used for flows entering and exiting deteation cells.

Inicts along the main trunk line were assumed 1o huve neghgible capucity bused on field
observanons und were, therefore, not modeled. Each node along the mwn line was “scaled™ 10
prevenl overflow afong the mun trunk line and force any excess Mow into the streets via the
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tritwtary papes. Generally, very fow inlets exist aleng the main trunk e und the majonty of the
infets are locowd alonyg the inbutanes. See Connection Between Storm Sewer and Street for
funther discussion.

Tribulary Storm Sewer Lines

Tnbutanes w the muin trunk line were adentificd using the DAGIS.  Trhutary pipes were
assumed 1o have 2 slope of (L5% hased on the slope from (wo represcntative storm scwers. A
S0-foot seetion of cach pipe was included in the model to pamition inflow hydrographs between
the main trunk line and the street and 1o allow Mow to reenter the trunk line when capacity 1s
available. See Connection Between Swrm Sewer und Street for further discussion.

Streels

The sireel geometry was approximited with a simplified rectamgular cross-section consisting of a
33-Toor wide sireet (based on weral phowos) with o 1-Toot high curb (based on field ohservation)
and a4 10.5-feet overbank om either side of the strect (bascd on aenad photos), or o total flow
width of G6-feet. When effective Mow was apticipated across more than one streel. differences in
elevation between strects inverts were faken from the DAGIS and used to creite a representative
cross-section, The effective flow aren was limited to a single sireet cross-section in the upper
portion ol the trunk line, then changed ta a douhle street cross-section near Jackson Streel and
Mnally o a tnple sireet cross-section near L5th Street w the 16th Street Detention Cell.

in general. imven clesauons for the sireel sevtions were hascd on the ground profile elesations
described on the storm sewer profile sheets provided by the City. Reach lengths were based on
the steepest path through the Couler Valley area determined from the DAGIS, Where the
steepest path differed significantly from the puth of the trunk line. elevations were established by
the DAGIS. Typically, the steepest path Tollow s the main irunk Time of the storm sewer. bt near
2tth and Elm. where the storm sewer woms e the southeast. ihe steepest path cantinues W follow
LEim and then 13th Strect 1o the 16th Strect Detention Cell. Links representing the streets were
connected to lmks epresenting the tobutary sewer pipes allowing for exchunge of Now between
1he street und the sewer.

Conneclivn Between Storm Sewer and Street

The connecuons between the storm sewer and the stieet are modeled in the nodes common 10 the
tnbulary storm sewer pipe and streel. Inlet capacity was acplected and the connection merely
consists of two street links perched above the sewer link at the same nade, Inflow by drographs
were it ot these nodes. When the capacny of either the main or tributary slorm scwer limits
inflema . water js forced into the street and when capucily is not limited in the pipe, water from the
strect can onter of reenter the storm sewer. Inlets directy connected 1o the muin storm sewer ling
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were assumed 1o have a negligible effect based on field observations and were not modeled:
therefore. connections only exist at the upstream end of cach tributary pipe.

161h Strecd Detention Cell

The 16th Sureet Detention Cell’s stape-siorage relationship bs bazed on imformation obtuimed
from the 118, Army Comps of Engineers (USACE), Rock Islind Distnet Design Memaorundum,
dated 19660 Waler surface clevatons in the coll are dependent on Mississippt River stage and
operation of the outlet works.

The 1tuh Street Dewention Cell outlet works were designed to discharge intenor drainage by
gravity at low Mississippt River stuges and pump at high Mississippi River stages. The modeled
outlel works seomerry. twin 12-foot x 1 2-font RCBs. is based on information contained in the
USACE Design Memorandum. During high niver stages. the outiel 15 sealed with sluice gatles
and Nows are divened over the levee by three {3) pumps: twe 90.000-epm pumps. rated at 18.7-
feet 1otal dynamic head (TDHY, and one 20,000-zpm pump. raied a0 254 TDH. The gseomelry
and pump curves for the S0.000-gpm pumps are based on information in the USACE Design
Memorandum.  Less informatian was avandable on the 20.000-gpm pump. and its pump curve
wus assuimed 1o have the sume charactenstcs as the other pumps. Al three pumps operate
simultaneously with o mimimum water sorface elevation of 3915 feet (helow 5415 feet.

cavitation ooeurs .
Diversions

Three (3» subarcas are disened directly into the 1Mh Street Detention Cell during high
Mississippi River stages. Depending on the wilwater condition created by the Mississippi River,
dilferent hvdrographs were applied 1o XP-SWMM Node 280 The following subareus and
diversion elevations are as follows:

s &rth Sirect Subarea — 598 5 feet

s Dok Strect Subareas — 60HL5 feet

o Hamtlton Streel Subares — 0035 feel
4.5.3.1.2 16th Street Operating Scenarios

Three (3 operating scenanios. normal, current and minimuim, were madeled based on the
following constraints:

1. Normal Operating Condiuens. Mississippi River water surfsee elevation is 5943
fcet ar the clevation in which 50 of the ime the Mississippi River is equal o or
exceeded.  Hamilton Street. Dock Streel and 8th Street Suburcas are not diverted 1o
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the 16th Street Detennon Celb at elevation 394 3, therefore, they are not included in
this operatimg scenario,

Y Corrent Gate Closure Operating Conditions. The City’s current operating procedure
is 10 ¢lose the sluice pates when the Mississippt Rivet™s water surface elevation 1s
398.3 feel, Only 8th Street Subanca 1s divenled at elevaton 598,50 therefore. it was
included in this operating scenano.

3 Mintmum Water Surface Elevation Opergtine Conditions. The minimum allowahle

waler surfuce elevution 1 the 1hth Strect Detention Cell is at elevaton 5915 feet.
This scenario assumes the Mississippr River water surface elevation s at or above
the fate closure clevauon and the 16th Street Detention Cell was pumped down to
clevation 581.5 feet in anticipatdon of large stonn water discharges. Also, 8th Strect
Subarcy lows ure divernied o the 16h Sireet Detention Cell under this seenano
becuuse the Mississippi River waler surface efevation is assumed to be at or above
the gate closure elevution,

4.5.3.1.3 Street Flooding Depths

The XP-SWMM model, assuming nommal operating condinons, provides a depth of Nooding or
ponding L various nodes ulong the Hee Brunch storm sewer trunk hne. Figure 4-5 depicts the
limits and depth of ponding along the Bee Branch main trunk line. The greutest depth of
ponding is between 244h Strevt and the 16th Swreet Deention Cell, Table 4,21 summanes the
depth of Oooding for the 10-, 50- and 100- vear events. In addiion, from Tuble 4.21 it is noted
that the Bee Branch storm sewer trunk line system has a capacity of less than the [O-vear storm
event.
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Table 4.21
Central Business Bistrict — North Drainage Subarcas
Existing Hydraulic Capacity Summary

' Depth of Ponding (It}
IP-5WMM lion P £
Node Loca 10-Year |  50-Year 100-Year
Washinglon Strect Drainage Subarea
2% 16th Street Detention Cell 502 1.6 2.9
27 15th Strect and Raitroad”* i ( 1.7
24 19th and Clm'’ 1.5 4.0 4.7
T
K] 22nd Street and Elm 34 d.4 5.5
17 23th Swreet and Lfm 27 4.2 50
14 2fsth Sireet and Jackson” 5 1.k 2.2
[ 2 7th Sireet and fackson” n2 1.8 L
by MWhh Street and JTackson' i 1.7 a2
1 A Woest 32nd Street ond Saunders ]
- . 0 1.7 2
Strect
1 West 32nd Street Detention Cel)’ 111 13.5 E3.H
Seiley T

1 [aepih of popdinge based on seownpnlae sircet seclon, gverag e Jongitudaul dreel shope amd peud diwhiaree.
2 Pwplh ol porditg represerns ook Siape i detentiom cell
3 Sbrect e bocation dufers Frean storm sewof ke Do atusn

L.

Pwepls of pomding represents deph ol vvenoppiage @ raind Badroad poedils 1clesated relaine o sumsondieg
Tospwapagih.

4.5.3.2 Manning's Analysis

The main channel 15 along Washington Street, where the storm sewer und the street convey Now.
Flow in (nhutaries also s conveyed through sireets and storm sewer sysiems. A simplified sirect
cross-section and Manming's equation were used 10 determine the hydraulics in the strecis on the
man channel and inbutaries studied. A rectangolar cross-section using the average longitudingl
street slope, curh height, and streer width along with o Manning's roughness coefficient of 0,013
wa assumed o determine the streel or curh full capacity. An average longnudinal sureel slope
and Manming’s cquation for full pipe flow determined the capacity of the existing sorm sewer
svstem. The existing hydroulic capacity of the system wis equal to the summation of the pipe
and street flow,  The total conveyvance was then compared w the 2-yeur and 10-year peak
discharges. The flow in excess of the storm sewer cupacity (not including curb full capacity)
was used 1o size o proposed relief storm sewer system. The additional capucity reguired for the
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proposed relicf sewer system was determined by sublracung the existing starm sewer pipe
ciapacily from the peak discharges for the 2- and 10-vear Mood events. Munning's eguation for
full pipe Mow and the exisung averape longitudinal streel slope were used to caleulae the pipe

s1ze required for the additional capacity.

A summary of the hvdroulic capacity at several ocations along Windsor, Hamilten, and Dock
Suhareas 1s presented in Table 4.22. The addinonal capaciny required for a proposed reliel sewer
10 convey the 2- and 10-year flond events ts presented in the Iwo nighi-hand columns of Tuble
422, Some of the storm sewer segments evalualed do not provide the hydrachic capacity
necessary for o 2- or 10-vear Mood event.

4.5.4 Problem Areas

The Mood hydrologic and hydraulic analyses provide the imformation needed Tor identification of
arcas nod an compliance with the City's dranage standards/cnitena, The frequency and hazards
assoctated with particular ffood events must be tuken 1nte account: therefore, the flood protecuion
requited may vary from street to streel. Consequently. the sizing of storm sewers must be
performed on a case-hy-case basis, while considenng the impact of cach portion on the entire

Svsicm.

The City requested unalysis of o particular problem aree in the Windsor Subarcs. An evaluation
of the existing storm sewer systemn along Windsor Avenue from Burden Sireet 1o Sutter Streel
was performed Tor the 2-vear and H0-vear [lood events. The hsdraulic capacities presented in
Table 3.22 are for a rehef sewer 1o supplement the exisiimg systemn. The pipe capacity required
fon' o complere replucement of the existing sewer system also was perfommed. The resulis of this
amalssis are presented o Table 423 Tor the 2-vear and 10-vear flood events. The existing sewer
systerm consists of a 36-, 23- 48-, and Sd-mch system stanting at the intersecuon of Burden and
Windsor. According 1o the analvsis summanzed in Table 32345 48-inch pipe would be reguired
Lo convey the Z-year event ora 66-inch pipe (o convey the -vear event.
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Table 4.22

Central Business District - North Drainapge Subarens
Existing Hydraulic Capacity Summary

- . Total Existing - . .
Existing . Storm . Typical Street " . Additional Hydranlic Capacity Required
HEC- ' Roadway Storm Roadway Seveer Typical St Capacity - Hydrn.uhc Discharpe (cls) (Circular Pipe §i inches)®
HMS Location fical Sew Slope . Curb Wid Full® Capacity -
Node No.* Classiflication | Sewer | () | COPASY™ | yyeight gy | Widlh | Curd Street & Scwer .
T Size {in) (cfx) (Fi} {cfs) (cfs) 2-Year 10-Year 2-Yerr 10-Year
Windsor Avenue — Main Channel —
BB _17 24th & Elm Collectar 54 2.5 3 B 36 330 | i) i i 20 404) Mone ) 45
33 Windsor & Burden Minor Anerial 12-24 A5 In 0 36 Ky 20 | 2_.|.‘.:Im 430 -—H\'H Gl
Mules:

See Frpure 4-17 for locaueon of HEC-HMY node and westficaten mymber.

Assumad Manmng Roogbaess Coefloent of =000 12 and full prpe lew condinan..

Assumed revtangular criss-section for carb full Now comdions,

Adidinctal capacily reguired Exepipe Tow ooily - no streel flow.

Ivdazuhic capacities tor Hambvn, Dock and pper kerper sebareas w1 non includsd beeciwosg 2 applwalbe goods gy slopes e avnlable

'J‘_J-L'u-"h}—

Orainave Buus Measter Plan
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Tuble 1.23
Central Business District — North Drainapge Subareas
Hydraulic Capacity for Storm Sewer Replacement

Existing Total Hydranlic Capacity
HEC-IMS . Storm Discharge (dfs) Required {Circulag‘ Pipe
NodeNo.! | 1o°8Uon | o verSize Size, inches)
{in} 2-Year 10-Year 2-Year 10-Year

Windsor Avenue — Main Channel

RB_17 24th and Elm 34 20 K 54 oh

53 Windsor und 1. 738 210 130 18 b
Rurden

S

Lo See Tapuse 407 for locateon of HEC-HMS wde and wlenidicinmse numbaer.
20 Tedad vapas iy aegured Qor replacemen! of £xEtinge SoTTn seweT

The combination of s inadequate conveyatwe system and poor drainage from the (a
topography produces the undesirable Booding conditions shown in Figure 4-5 for the 1{¥)-veur
tood event. The altermative improvements W the Bee Branch siorm sewer trunk bine will be

discussed 1o Section 4.7 1 more detaal.

4.5.5 Development of Alternative Solutions

Although altematives were developed o address the special problem arca atong Windsor
Avenue, general allematives Tocused on the enure subarea were not estabbished. No available
zites {ar reaional detention exist because of the topozraphy und land use of the Central Business
[hstrict - North, nereasing the capacity of storm sewer nlets and pipes witl signiticuntly reduce
sirect and propeny Mooding within the Central Business Distnet — Noth, Further developmen
of altermanives in the Washington Strect Subarea s discussed in Secnion 4.7

4.5.5.1 Detention

While the 16th Street Detention Cell hus o significant impact on the Bee Branch Dramage Basin,
few detention sites exist within the Centrul Busimess District — Nonh, Table 4.24 summanzes
the existng I6th Sueel Detention Cell storage capacity,  Topographic constraints prohibir
enlurging the capacity of the 16th Sieeel Detention Celi.
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Table .24
Central Business District — North Druinage Subareas
Delention Storage Summary

Location Drainage Area Existing
Controlled Flood Pocl Area | Flood Storage Comments
(5q. miles} {Acres) {Acre-Feet)
Additonal storeee nol
10th Street =0 N N
Detention Cell f1.d (3 S04 wiable 1..1ue 1o topographic
CONSLAints,

4.5.5.2 Channel and Drainage Structure Improvements

The hyvdraulic capacities (pipe sizes) regquired for convevance of the 2- and 10-vear MNood events
are reported in Tuhles 3.22 and 4,230 Other conveyance improvements for the Bee Branch
Draimape Basin are discessed in Section 4.7

4.5.6 Recommendations for Improvement Alternatives

No recommuendations are presented for the Central Business District - Nosth: however. specile
recommenditions are discussed in Section 4.7 for the Bee Branch Drainage Bausin,

4.5.7 Project Phasing

No project phusing s required for the Central Businegss District -- Nanth,
4.6 CENTRAL BUSINESS DISTRICT SUBAREAS

4.6.1 General Subarea Description

The Central Business District Drainage Subiareas (Central Business Distoer} are located in the
lower reaches of the Bee Branch Drainage Subarca and includes 8th Street, 11th Street. 14th
Street and Lower Kerper Dratnuge Stbareas.  The drnnage arcs measures approximately 0.9
square miles und is roughly bounded by 15th Street wo the nonh, Sth Sirect 10 the south, Alping
Street W the west, and the Peosta Chanmel to the cast,

Elevatiems 1n the subarea runge from 902 (eet in the upper portion e 594 Teel at the 16th Strect
Detention Cell. The main channel through the subarcas follows 8ith, 11th, and 14th Streels.
where waler is canveyed in the storm sewer and strect. The overall slope along the main channei
15 4 pereent.
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4.6.2 Flood Hydrology

The HEC-HMS model was wlibzed w compute the peak runefl rates for the 10-year, 50-vear,
-vear aned $00-vear retumn pernod storm events. Runolf hvdrographs were developed lor cuch
slorm event for ultimate development conditions, as defined by the City’s comprehensive tand
use plan.

Figure J-19 depicts the suhbasin delincation, while Figure 4-20015 ¢ schematic of the HEC-HMS
model. Table 4.25 provides a summary of peak runoflf rates for selecled slorm events at key
locavions in the Central Business District. A summary of the peuk runoff rates for all subbasin
hydroeraphs can be found in the Hydrologic and Hvdraukic Appendices.

Table 4.25
Central Business District Drainape Subareas Peak Runofl Summary
Existing Dratnage System Conditions
Ky
HEC-HMS Drainage Peak Runoff Rate™ (cfs)

Locati
Node No. ! an (sqmi) | 10-Year | 50-Year | 100-Year | 500-Year

Lower Kerper
e, Luch §t. Pelention Cell and 0.42 450 £1530) 760 | 0
kerpor Blvd, ,
Bl Street — Main Chaonel

T
HO3 Sth and Wushingion 041] 320 150 [ 5T ' XYy

FEE Brhoamd Whire 034 atn S hA a7

1tth Street — Main Channel

o 1lth und U S, Hwy 6 P 240 o | oae i sen
Lith Sireet - Main Channel —

g% |3thand 175 Hwy 2l 12 130 MW [ 240 k1§

_15th Stireet - Main Chanoel : e

BE_27A LAth und Sveameses (L €0} Wi} 100 130
Sl —
1 Sce Prpwre 4220 for Jowaleon of HEC-HMS mode and idennficativn nnmber
2 Ptk ool rates baeed on wlimagte Land ose comditions aiad semelation of o 23 sonm esent.

Peak, discharpes reponed are outfloss from (the specefed nede
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4.6.3 Stream Hydraulics

The main chunnel is along 8th. 1ith, and 14th Sureels, where the storm sewer and the streel
convey flow. Flow in tributaries is also conveved through streets and storm sewer syslems. A
simplified streel cross-section and Manning's cquation were used to determing the hydraulics in
the streets on the main channel and tributaries studhed. A reclangular cross-section using the
averace longitudinal street slope, curb height. and street width along with a Manning’s roughness
coellictent of 0013 was assumed to determine the street or curk full capacity.  An average
longituding] street slope und Manning™s eguation for full pipe MNow determined the capacity of
the existing storm sewer system. The existing hvdraulic capacity of the system was equal to the
stmmation of the pipe and sireet Mow. The total conveyunce was then compared to the 2-year
and 10-year peak discharges. The Mow in excess of the storm seswer capacity {not including curls
full capacity) was used 1o size a pruposed relief storm sewer sysiem. The additional capacity
required for the proposed retief sewer system wus delenmined by sublracting the cxisting storm
sewer pipe capacity from the peak discharges for the 2- and 10-vear flood evenis. Munning's
equation for Mull pipe flow and the existing average longnudinal sureet slope were used o
caleuline the pipe size required for the addivonal capacity. A summuary ol the hyvdraulic capacity
at several locations along Bih Street, 11th Street, b Siveet, and Lower Kerper Subareus 1y
presented in Table 4.26, The additional capacity required or o proposed relief sewer 1o convey
the 2- and 10-vear Mood events is presented in the two richt-hand columns of Table 4.26. Some
of the storm sewer seements eviuated do not provide the hvdraulic capacity necessary for a 2-
or [0-year flood event.

4.6.4 Problem Areas

The 1Tood hyvdrologic and hydraulic analyses provide the information needed for idenuficanon of
arcas not in comphiance with the City’s drnnage standards/entena. The Irequency and hazards
assovtated with parucalar flood events must b taken o account and the flood protection
roquited may vary from street w street. Consequently, the sizimg of stomm sewers must be
performed on a case-by-case basis, while considering the impact of cach portion on the entire

svsiem,

4.6,5 Development of Alternative Solutions

General alternatives focused on the entire Central Business Distniel were not established.  No
avatlable sites for regional detention ¢xist because of the topography and lund use within the
Central Business Distnct. Inereasing the capacity of storm sewer anlets and pipes huas 1he
patential far reducing street and property flooding within the Cemral Business District.

Cirv af Dubngue, fowa Drarneee fuvin Master Plan
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4.6.5.1 Detention

Regional detention is not viable within the Centrul Business Distnct.

4.6.5.2 Channel and Drainage Structure Improvements

The hydraulic capacities {pipe sizes) required for convevance of the 2-vear and 10-vear flood
events within the Central Business Dhstpct Dramage Suburca are reponied in Table 4.26.

4.6.6 Recommendations for Improvement Alternatives

The sizing of mdividual storm sewers should be performed on a case-bv-cuse basis. The
potentiul Tor Mood damage poscd by the vanoos storm events should be weighed against the cost
of improvement.

4,6.7 Project Phasing

Na project phasing is required for the Central Business [Distrcl.
4.7 BEE BRANCH STORM SEWER TRUNK LINE

Figure 3.21 summarizes the problem areas in the Bee Dranch Drainage Basin, The majority of
the problems are wlong the Bee Brunch storm sewer trunk line and in the West 32nd Street
Subarea. Due to the kurge magnilude of construction. cost, and impact on the community,
inprovements o the Bee Branch somm sewer trunk line are sddressed separately. Beeause
expansion of detennon storioe o the upper subareas of the Bee Branch Deaimare Basin 1 not
sufficient to eliminate flooding problems i the tow-lving, heavily developed north end of the
ciy, imprivements must be muade 10 the convevance svslem in the lower subarcas 1w reduce
Hood damages.
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Table 4.26
Central Business District drainage Subareas
Lxisting Hydraulic Capacity Summary

h . ! . Total Existing i o I
HEC- o | EXIRUBE | padway | SO i penieg) | Lypicel | Street Hydruulic Discharge {cfs) Additional Hydreulic Capacity Required
. oadway Storm Sewer | . Street Capacity - i (Circular Pipe Size, inches)
HMS Localion R i Slope o1 Curb . - 1 Capacity -
Node No. ! Clasalication Sewer (%) Capacity Height (in) Width Curb Fuil Street & Scwer
Size (in} (cfs) {Ft) {cfs) {cfs; 2-Year 10-Year 2-Year 10-Year
1dih Street — Aain Channel
% [4th & Hwy ol Collecior 1.0 5 4t 1 ) T?-ﬁ l
151h Strect — Main Channel
BR_27A 151th & Sycamore Collector (7 ] 37 : k't i)
Nines - -

1. see Frgore 420 for logaten ol FEC-HMS node ani sbeonutication nomber.

B 1a

rl

Avsuemed Manmnpg Rosghness Cocfficwent el n=0.005% and full pipe few copditons
Acaumed reviangular crosssectiog g cork full Muow cuead i0ems
Adfiesnal capoacity reguired Tof pipe ow only = moosereet o
Hedraufic vapaenees b Laswaer Korpor. i Teh Srreer andd pare of Sth Seeel sobareas wese el e lagded hecsiss ne apphivable poedoos SJopes were g okl

e eof Drodvigpire, fon
Bee Branelr Drainage fuasin
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4.7.1 Development of Alternative Solutions

The available improvement aliermatves appheable 10 the Bee Branch Drainage Basin are
summarized in Table 4 270 A discussion of cach aliemabve 15 given below.

Table 3.27
Gee Branch Drainape Basin
Flood Minimization Allernative Improvements

Nonstructural Alternatives Structural Alternatives

+  Pubhlic Education/Outreach s  Eapund Existing Detention Cell Capacity
Prepure an educational propram akerting Expand existing detention cell storage
residents of the nsk of NDooding and methods volme, gate outlet capacity amdfor pump
to minimize flood damage, Provide Capacily.
submidized flood insurance.

¢ [leerdplain Buyout e Create Vpstream Detention
Purchase huildingﬁ located within the Purchuase unqnccup;'._\d prcmely and
foudplam. construct detention cels.

¢ Flood Proofing o Rehabilitwe/Expand Capacity of Existing
Remove or minimize flood dumage by Facilities
elevaling homes and busipesses, moving Fepair damapred or inerease conveyunce
clectpcul/mechanical devices to non-{lounding svstem where development has exceeded the
elevation, mstall Mood panels at flooding SYRICIT S Capacity
pavints feog, doors and windowsy.

* D Nenhing s Open Channel Floodway
Aceept continued weeammenee of chronic Create an epen chanae] conveyance system
Towading and stomm waber diemges.

o Reliel Stonm Sew et
Comsteud i pamatlel trunk fioe storm sewer
i swstenm wheee deselopiment lias exeeeded the
capacite of the stonm waler conveyance
! ANSTH )

4.7.1.1 HMNonstructural Altematives

Fducation{lutreach

Public education proprams can be instrumental in reducing Mood losses and fuure Nood
casualities. Public outreach can include development of public procrams 1w provide emergency
shehers and first aid duning a {Tood event. emergency servive 10 ussisl in evacuation of
residences. and edocational programs intended o mform citizens of reguired salely practices
before, during and after a food event.

Cery of Buchurgee. towa fdruingge Sasin Moaster Man
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Floodplain Buvout

A program o acguire and remore [Nood prone stiructures within the 100-vear Moodplain may be
feasibe in reductng or eliminating Mooding probiems. This appraach may be considered us a
major approach for clearing the entire area subject to ftoodmg.

Flood Prooling

Flood proofing of structures subject 1o flooding muy be a cost effective altemative o reduce
Mood damages. Installation of o variety of Mood proofing svstems wauld be required in order to
mect the varicd needs of the structures located within the Mood-prone arcus. Flood proofing
facilities muy renge fmom structural modifications ta reduce or eliminate damages Imom Nooding
o educationa] programs that inform people how to prolect their propeny or remain safe dunng a
MMond event. Structural measures are usually implemented 10 commercial or industnial seitings
where personnel are avatlable 1o operate and manbain Nood proohing devices.  In residential
apphications, flood proafing is usually Emited to the relocation of vital residential systems such
as heating, cooling, water hewters and Laundry arcas 1o safe Nooding areas. The relocation of
clecitical services to urcas above the anticipated water surface clevation 15 also reguired.
Frequently, cusuulties dunng ooding relale W strocturad failures of basement and foundation
walts. Public cducation 1s an effective means Lo infarm people of these dangers.

o Nothing Aliernative

IT the public is not concerned about the current frequency and magrutude of tlooding problems in

the community, 1t may he & viable aliemative o fahe no action.

4.7.1.2 Structural Alternatives

Expand Existing Detention Cell Capacity

Increasing the capuacity of the 16th Street Detention Celi votume o the ability of the detention
celt outlet works 1o discharge Mood Mows could bave a segmficunt effect on flovding i the
Couler Valley arca.

Create Upstream Delention

Mo opportunities exist [or upstream detention along the gheznment of the Bee Branch trunk line.
However, polential upstream detenuion sites in subareas located in the upland portion of the Bee
Branch have a substumtial impact on peak discharees in the trunk lime. Muximizing the capacity
of the Wesl 32Znd Street Detention Cell provides the grestest patential for reducing pesk

Ly onf Rhngre, loowe Drcnncioe Hesin Muvier Plan
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discharges in the RBee Branch storm sewer tunk line.  Limited opporunitics far upstream
deteniion exestin the olher subarcas.

Rehahilitate/Expand Capacity of Ioxisting Facilitics

Repair or replucement of storm wialer convevance systems where development has exceeded the
svstem’'s cupacity could decrease or chimmate flooding problems due to ponding in both the
uptand and lowland arcss. Smaller sewer systems feeding inw the Bee Branch trunk line could
be improved to more effectively convey runoff 1 the trunk line and reduce Tocalized food

damanes.

Open Channel Floodway

Conveyance of runolf through the flat, heavily developed Couler Valley arca of Dubugue may
requite capacity 1n excess of the Bee Branch runk hine. Constroction of o large flood control
channel through the Couler Valley arca would provide o significant imcrease in conveyance and
storage and could have a Jarge impact on the flooding problem. This would reguire the purchase
of privawe and commercial property in the Couler Vulley arca and the relocation of individaals,
husinesses. roads. and utilities.

Relielf Storm Sewer

Construction of a relicf storm sewer 1o expand the capacity of the Bee Branch storm sewer tronk
line would have u simitlar, although less drimmatic. ¢fiect to that of a Mood controt channel. The
mcicuse In conveyarwee would dehiver water o 1he Mississtppi River more guichly and decrease
flooding in the low-lving arcas of the City. The benelit/cost ratio would be substantially lower
than thut of the Aood controd channels however, its vansirection would require purchase of fower

propertics and relocatton of fewer households und businesses,

4.7.2 Recommendations for Improvement Aiternatives

Analvsis of the exisiing condition for the Bee Branch stonn sewer trunk line indicutes the major
flooding problems pecur throughout the Bee Branch Drainage Busin {or the 100-year storm (See
Figure 4-53. The sclected alternative for the West 32nd Street Subarca, Allcmative W2A2-5 has
the potential 1o redece flooding in the Ree Brunch Dirainuge Basin from West 32nd Street 1o
approximately 24th Streel 10 approximately 'z 10 1-'2 feet of flow in the street.  Figure 3-22
illustrates the reduction in flooding depths along the Beg Branch storm sewer trenk line with the
recommended  Altemative W32-53 improvement.  Below Windsor Avenue the impact of
increasing detention in the West 32nd Streer Suburea is negligible for the 100-vear flood. The
magnitude of the lMeading indicates a significunt incredse 1 conveyunce would be reguired 1o
affect a change below 24ih Sireet. An altemanve invohing o dramatic meresse in convevance

Lerv aof fhifmigpeee. fivner frainage Hasee Meosrer Plo
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would be required to reduce flooding downstream of 24th Street: therefore, avanlable aliematives
addressing convesanee iong the Bee Branch trunk hinc were investigated further. Specifically,
expansion of the 16 Sueet Detention Cell outlet works, a rebief storm sewer and & flood control
channel were anatyvzed as potenhial solutions (o Mooding problems.

4.7.2.1 Existing Conditions

The XP-SWMM model desenbed in Section 4.5 was used 1o evaluate the Bee Dranch storm
sewer trunk line.  Evisting condittons analyvses involved modeling the exisling storm waler
gvitern an the lower pomon of the Bee Branch Driinage Basin o assess current flooding
problems and 1o provide a haseline condition for comparison with ymprovement altematives, Afl
existing condinon analvses assumed no improvemnents in the Bee Brunch Drainage Basin, The
normal Mississipm River stape (elevaton 5943 feet) was used us the downswircam boundary
condition for existing conditions analvses and represents the elevalion which the Mississippi
River water surlace equals or exceeds 50% of the tme. At this siage. under current operating
provedures, the 16th Streer Detention Cell gravity outlet guies are open and the three (2] pumps
are not activated,

The analyses show the existing facihites have capacity Tor [Nows associated wilh an event less
than the [0-veur Moo (estimated ot approdmately the 3-year Mood). Mode! resulls indicate 10-
vear flooding depths ranging from 0.5 feer neur 26th Street and Jackson Street 10 3.4 feet near
19th and Eim Swreets.  Peak flooding depths for the 50-yveur vange from 2 feet near 3thth and
Fackson Steeets o 4.8 feet near 22nd and Elm Streets. Peak flooding depths for the [-yeor
range from 2.3 feet near 30th and Juckson Streets to 5.8 feet near 22nd and Elm Strects, A HO-
vear interior nanfall cvent with a Missisaipps River stuge of 5943 feet inundites approximateby

1170 homes and businesses.

An addinona) model analvais was perfonmed 1o evabuate the effect of sctivating the pumps while
the gravity cutlel gutes are open. This analvsis ied 1he existing 100-vear Mows and the normal
Mississippl River stage as its boundary conditions,  Activation of the pumps did not reduce peak
Mooding depths or Mow rates upstream of the 16th Street Detenuion Cell for these conditions but
drd result in a d-percent increase in peak outflow from the druinage basin.  Bused on these
resulis. operation of the pumps has hitlle impact on [lows and Mooding depths while the gates are

opn.

4.7.2.2 West 32nd 5treet Improvements

A second set of analyvses was perfommed oo evaluate the impact of the West 32nd Subarea
improvements 0n the Couler Valley ures. The hvdrooraphs associaled with the most effective
West 32nd Street improvement, Altermnative W3A2-5, were used as the boundary condition au the
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West A7nd Street Detention Cell outlet. The remuming subbasin and subarca inflow hvdrographs
were dentical W those i the exidting conditions analvses. The model was exccued with the
normal Mississippi River stave and the 1{th Sireet Detention Cell gravity outlet in operation. and
the pumps tumed of{, The 10-, 50-, and [O0-vear condilions wore investigated.

Figure 4-22 shows the 100-vear Nooding depths in the Cooler Valley area for Mississippi River
sluge 5943 feet with the West 32nd Siceer Subarca improvements implemented.  When
compared with the evising flooding depths shown o Figure 4-5.0 the benefus of the
improvements are apparenl. The improvements result m approximately 200 fewer properties ar
470 homes and businesses inundated for the 100-year Nood with Mississippi River stuge 5943
feet. In peneral. the West 32nd improvements substanually reduced peak Mows and MNooding
depths i the upper porhon of the Washington Street Subaren but had little to no effect below the
Windsor Subares auddet at 24h Streer, the Tirst major inftow downstream ol West 32nd Street,

For 10-vear conditions, flow in the slorm sewer is signmihicantly reduced in the upper portion of
the subarea, but there s hitbe offect on sieeet flovdimg. This suggests imlet improvements are
needed 1o allevige Nooding in the upper purtion for & 10-year design. For 50-yvear conditions,
flooding depths sre reduced by as much as 1.7 feet gt 32nd and Saunders Sirects an the upper
portion with less significant effects in the lower portions (for example. 0.3 feet ot 22nd and Clm
Sweets). Flooding depths are reduced by as much as 1.9 feet {at 32nd ind Central Streets) in the
upper portion dlso with less significant effects in the lower portions (for example, 0.5 feet at 24th
and Washington Sireets) for 100-vear conditions, The resulits of the S0-yvear and 100-vear
anitlyses show West 32nd Alwrnateve W32-3 in combination with improvemnents o the Bec
Bramch storm sewer system may sipmilicantly redoce or ehiminaic Mooding in the dow nstream
reaches of the Bee Branch: therefore, subsequent investigations meluded Alternative W32-5 ay

an upstream boundurs condition.

4.7.2.3 Relief Sewer

Construcuon of o reliel sewer m the lower reaches of the Bee Brunch was then investicated o
supplement the cupacity of the existing trunk line sewer. Becuuse West 32nd Altermnative W32-5
is shown o signmficanty impact {looding upstream of the Windsor Subarea outlet, trunk line
improvements were modeted beginming ol 24k Street and extending downstream to the 16tk
Street Detention Cell. A second conduit identical 10 the existing Bee Branch trunk line was input
mta the model cfieetively doubling the capacity. Thes geomeiry was evaluated with 10-. 5()- and
FOO-vear Thows,

The Altermative W32-5 havdrograph was used as the upstream boundary condition since il
significantly reduces downstrepm flooding. Three (3 operating conditions al the 16th Streel
Detenuon Cell were analvzed us duwnstream boundary conditions, s shown in Table 4.28.
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Table 4.28
Bee Branch Drainage Basin
Downstream Boundary Conditions for Reliel Sewer Allernative
. Missixsippi 16th St. Sluice
Scenario | OPTRUOE | River | Detention Cetl | (PUPP | Gt Comments
WSEL(f) | WSEL'(f pe PosiLion
| ormal 5943 53 () Open tiA
Corrent e - . : -
» 5 SURK.5 :
. 2 Clontgpe SuUES 50R.5 arf Chpen : hid
Ainimum Pump vell downn
3 Woaner 508§ 591 5 On Clased snuapanon of larpe
Surfave | BlOrR waer
e anon b discharges
M
1 WHEL ~ waler serfawe cievaliom

Scenanos 2 and 3 in Table 4-28 include diversion of the 8th Street Subarea fows into the 16th
Street Detention Cell. Muodeling of the three downsurewn houndary conditions show how 1he
proposed Tacihities will operate vver a wider range of scenanos,

For a 10-year flood, the maxamum system (loeding depths oceur i 2-4th and Elm Sireets, with
depths of 1.6 fect. 1.9 feet. und 1.6 feet for the three downstream boundary condition sceparios.
respectively. Flooding depths at 24h and Elm Streets were reduced by o mavimum of 15 feet
with the addition of a rehet sewer, Flooding depths throughout the areas adjacent to the trunk
hine were reduced o Tess than oo This resoit indicates & relief sewer may be a viable aption
v achicve o 1-vear fevel of protechon, A potential relief sewer alignment 1s shown in Figure 4-
23 Estimated construction costs for oo orelief sewer wath o [0-vear flond copacity i3
approximaiely 3187 million,

For a Sh-year flood. the maximom Neoding depths wlso occur e 24th and Elm Streets with
depths of 2.5 feet, 2.7 foet, and 2.5 feet for the three downstream boundiry condition scenarios,
respeclively, While the rehief sewer was shown o reduce Mouding depths by a maximum of 1.4
feet, significant flow snil exists in the street, including o depth of 2.2 feer ar 22nd and Elim
Streets. Because of the street flonding, o relief sewer 15 not considered an effective option for 3
S0-vear tevel of pronection,

For u 100-yeur flood, only Scenano 1 was analvzed. It also showed a reduction of Mooding
depth up to 1.4 feer, but significant MRow was left in the street with depibs remaining as high as
3.9 feet at 22md and Elm Streets. Becouse the strect Tooding is eacessive, a relief sewer is nol
considered an effective alternutive for o 100-vear level of protection. In addition, Scenurio 1
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showed the rehef sewer to be melfective for the 1kyear retum period; therefore, no other
SCEMANCS were Investiguted,

Further henefit may be gutned through tmprovements o tnbutary pipes feeding the Bee Branch
trunk line. assuming capacity of the siorm sewer 15 expanded 10 handle the addinonal flows.
Increase in the capucity of inlets and pipes in theses svsiems coold reduce or eliminate flood
damages due 1o locahized ponding. Limited informaton was available on the tnbatary systems.
therelore. they were not included in the analysis of the trunk line.

4.7.2.4 Flood Control Channel

Acreliel sewer 1s not an effective option for the 100-year retum penod, theretfore, conslruenon of
an open chanbel capahle of conveying 100-vear flood flows was investigated.  Improvements
were modeled from 24th Street 1o the Ttk Sureet Deteomon Celf, because the West 32nd Strect
Aliemative W32-5 effectively reduces Mooding above 24th Sireet. The channel replaced the Bee
Rranch trunk line in this reach. mamtamed the same invert as the trunk line, and was modeled as
an equivalent rectangolar channel with o 100-foot bottom width. For the purposes of this study,
a prehminary alignment was chosen o assess the magmitude of homes and busimesses impacted
by the channel. The exact abgnment of the proposed channel requires further study. Fireure 4-23
iusteies the prehnunary aliznment of Phase [{Point | 10 23 and Phases T and I {Point 110 2 10
33 The West 32nd Strcet Allemative W25 hydrograph was used as the upstream bousndary
condition in all of the analyvses.  Because there would be marginal difference in the cost of
cimstructing o chunnet for 10-0 50-, or 100-vear protecuon, only the 100-vear fTows were
il veed.

The first fTood contral channel analyses were performed to determine the size of chunnel
required to convey the (Tow assuming an unlimited vutlet copacity al the 16th Sireet Pelention
Call. These analyses assumed the capacity of the gravity outiet would be increased to convey
Nood 1lonws without o rise 1n stage above that of the Mississipp River, and therefore resulted m
the munimum possible channel cross-section. This wuas sccomplished by assuming a constant
waler surface elevation in the 16th Street Detention Cell. By using i1 constant witter surface
clevation. backwater ¢ffects from nsing stages in the detention cell were eliminated and low
wits not imted by the capacity of the gravity outlet. These analvses were performed with two
different downsiream boundary canditions at the 16th Strect Deention Cell: vonstant water
surface clevanons of 3943 feet and 398.5 leet, the slarting water surface elevations for Scenanos
I and 2. respeetively. Operating o a comstant water surface elevation of 5915 feet was not
considersd, as this would be a gate closure condition and reguire o very lurge pump.
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A senalivity analvsis cxamining the effect of improvements 10 storm sewer inlets and tributary
pipes was evaluated. The sizes of the tributary pipes mothe model were increased 50 a8 w ol
limit passage ol Dow from the strect 1o the storm sewer. In this manner, the effect ol indets and
iributary pipes on the trunk line could be evablualed und o channel sized to carry the total sirect
and storm sewer ows.

The results of the first series of analvses indicatles that for a constant water surfuce elevation of
5943 feet in the 161h Strect Detention Cell, o 10-Toot-decp grass lined trapezoidal channel with a
OO-{oat bottom width and 3H: IV side slopes would be reguired to convey flows ussocialed with
the 100-veur Nood, For a consiant water surface elevation of 598.5 feel in the 14Gth Stree
Detennom Cell. o 10-fom-deep grass-lined trapezeidal chunnel with a 66-Tool bottom width and
3H: TV side slopes would be required.

Whle the improvement of the storm sewer inlets and tnbutary pipes decreased Mooding depths.
the improvemen had ne impact on the flood control channel size. The anilyses atso showed the
16th Street Dewention Cell was not the factor imiting the conveyance of the Bee Branch storm
sewer lrunk line, Reduction in flooding of the Couler Valley arca therelore requites
maodification o the Bee Branch storm sewer trunk line jiself,

A second series of runs was performed 10 determing the effect of backwiter from the 16th Street
Dewention Cell. Improvements to tibutary pipes were assumed 10 size the channel {or the
maximum precheted peak discharges. These runs imcluded the three (33 downstream boundary
conditions histed in Tuble 428

Table 4.29
Bee Branch Drainage Rasin
Duwnstream Boundary Conditions for Fload Coentrol Channel Alternative
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The resulis of the second series of analyses show for Scenano 1L a shehuy larger trapezoidal
channel with 4 10-foot depth. 76-foal bartom width, and 3IH 1V side slopes is required to convey
the 100-year Aood NMows. Scenarios 2 and 3 requite o shghily deeper channg! 1o contain the
flow: # 13.5-foot-deep trapezoidal chunnel with a 55-foot battom width and 3H:1V side slopes.
In all three scenarios. flooding is significantly reduced with masimum floodmy depths of 0.2
fect. (0.6 feet. and 0.1 feet for each of the three downstream houndury conditions, respectively.

A channed beginning downstream at the 16th Street Deteation Cell and terminating at Garfield
Street was assumed as an minial phase. Phase 1. Cansequently, the existing storm sewer trunk
line wus modeled from the West 32nd Street Detenuon Cell 10 Garfield Street with the (lood
control channel constructed downstream.  The results of this anmilvsis for the Phase T oo
control chunnel are shown ia Figure 3-25. The model results indicaled the construction of the
mnitial phase of the Ooed control chamnel would enly have significant impuct on Mooding for the
100-vear storms downstream of Garficld Street,. Waler surface elevations were decreased by one
foot or more as fur upstream as 25th Street: however. floading depths remuin two leet and higher
i these locations. This analysis demonstrales that partial construction of the project will not
pravide adeguate food protection fur the upper portiom of the Bee Branch trunk line, Fsimated
construction costs for the Phase [ Flood Contral Channel from the 16th Street Detention Cell 1o
Gurlield Avenue are approamately $6.9 mition.

[Further analvsis was conducted to determine the effect ol extending the Mood controd channel 1o
provide tlood protection for the upper portion of the Bee Bramch storm sewer trunk line, The
artginal food contrisl channet was extended up 1o 24th Sueet Tor this analysis, Phase . The
conthined effect of the West 22nd Subarea improvements and constroction of Phase 1 and {1 of
the Fload Contral Chaneel for o Misstsapm River staze of 5943 feet s illustraed in Freure 4-
260 For the 10 year flood with Mississippi River stage 5943 feet and inbulany improvements.
the fload contrel channe] in comunction with the West 32nd Street improsements resulied m
feswer than 10 properties iundated. Constructuon costs for Phase | and [ oof the Flood Control
Channel from the Fath Street Deention Cell w 24h Strect are estimated w 3171 nmllion. The
demolition of the estimated 71 homesfusinesses 1s included in the cost esnmate.

Further heneftt may be ganned through iribwtary pipe improvements feeding the Bee Branch
troitk tine.  Inerease in the capacily ol inlets and pipes in theses systems could reduce o
ehminare flood damages due to localized ponding,  Limited information is weailable on these
cvstems therefore, they were not anubvzed in denail,

oy af Fafrcpee. froncr rrainmee Rusin Moser Plan
foe Broeredt Dreainne e Besin 257 Foft 20
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4.7.2.5 Additional Comments

An imponant consideration in the design of the flood control syswem s the effect of the
downstream boundary condition, It became apparent. through the course of these analvses. that
the worst-case downstream boundary condition is not the sume for every relurm period.
Comparing the results of the three downstream boundary conditions modeled. it was found that
the entical condition for the [(0-vear (food 1s when the gates on the gravity outlet are closed.
Less volume of runoff s produced by the 10- and 30-vear (lood events. so the storage volume in
the L6th Street Detention Cell s not consumed as quickly when the paes wre closed. Therclore,
the crivical condition Tor the 10- and 50-veur (foods becomes the Mississippi River waler surface
clevation of 5985 feet with the gales open.

4.7.2.6 Summary

Analysis of the Bee Branch storm sewer trunk Jine indwates that implementation of West 32nd
Subarca Alternative W32-5 would kave a significant impact on 100-vear {lood depths along the
Bee Branch from 32nd 10 241h Streets, with a lesser impact further doswnstrewn. West 32nd
Subarca improvements result in approximately 200 properties remonved rom the Toodploin at o
Mississippi River stage of 3643 feet.

To further reduce Moodimg alony the Bee Branch storm sewer tunk hine. constroction of a reliel
storm sewer fram 24th Steeet to the 16th Street Detention Cell was analvzed. It wis determined
the relief sewer option was not wable for Mood discharges in excess of the 10-veur storm, 1L
would take an additional four (33 relief sewers equivalent im size 10 the existing Dee Branch trunk
hne teeliminate the Nueding depths produced by the T00-vear ovent.

Construction of a Hood control channel from the 16h Sirect Detention Cell to 2dih Sireet was
then ipvestizated.  Improvements to tributary pipes were assemed o mavmize the anucepated
100-vear peak discharees used for sizing the channel. A grss-lined raperodal channcl it
approximately o 1-foot depth, 76-foot bottom width, and 3H: 1V <ide slopes was anulveed. The
flood contrel chamuel in conjunction with the West 32nd Street improsements was shown o
remon e all but 4 of the 1,155 praperties in the Washington Subarea from the HO-vear Moodpiain
at a Mississippi River stage of 5943 Tect. Construction costs for Phases | and 11 of the Nond
control channel from the 16th Street Detention Cell o 24th Sireet are estimated at $17.1 miilion.

4.7.3 Project Phasing

Improvements made to the Bee Branch storm sewer trunk Tine should progress from duwnstream
0 upstream. JE initial improvements were 1o be made upstream, resulting increases in peak

Cutv cof Ddnilrragrere, fou Lwvamaye Buvn Maver Plan
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discharges would be realized in the ummpreved downstream reaches of the trunk Tine, increasing
Mood damages.
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5.0 FINANCING DRAINAGE IMPROVEMENTS AND OPERATIONS

Histoneally, many cities and towns in lowa have considered municipal dramage a function of
public works and have funded dramage improvements similar to the metheds used to finance
street and road improvements. Traditonal tax revenues accruing to the OGeneral Fund have
historically been relied upon to fund the annual operation and maintenance expense of urban
drainage. CGeneral Obligation bonds have been the debt tools for funding major public projects
of which drainage is a component.

5.1 GENERAL FUND FINANCING

Drrainage activities and improvements are supponed by the municipality’s General Fund or from
wastewater or scwage ulility fees.  Drainage projects are one of many “line items” in the
General Fund that are supponied with the combined pool of general revenues from ad valorem
taxes, sales taxes and other revenue. Capital financing is typicatly accomplished through cash
transfers for small projects and peneral obligation bonds for major improvements.  Operational
activities are usvally funded with general revenues.

Advantages of the simple generai revenue funding approach include:

» A broad base of financial suppornt (all taxpayers pay}, and

» (ustomers can deduct local taxes from Federal income taxes.
Disadvantages include:

=« Competition for funding with other general services,

» A perceived lack of identity as a significant municipal utility function thal must be
addressed with on-going efforts, and

+ Inequities ansing {rom tax liabilities not equated with contnbution to drainage
problems.

With increasing atiention given to the water quality aspects of urban drainage, especially with
respect to the EPA’s Total Maximum Daily Loads (TMDLs) program. more municipalities are
moving this function into the water and/or wastewater enterprise fund, with some communities
establishing specific storm water enterprise funds. An enterprise fund is a self-supporting
component of municipal govermment that depends upon rales and fees, and frequently
developmentl impact fees, to fund its activities. Water and wastewater utilities are examples of
mumcipal enterprises that are intended to be self-supporting.  Enterprise funds typically finance
major capital improvements with revenue bonds that only require the approval of the local
govermning body, such as the City Council, rather than a public vote, 1o approve the issuing of

Ciey o Dnbugue, Iowa Drainage Basin Masier Plan
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honds. Being within an enterprise fund facilitates a sustainable storm water program because 1
allows the wiility 1o set rates and charges on the basis of its actual direct and indirect costs of
providing this service,

As mentioned above, increased attention to urban drainage has created the demand for more
contermnporary methods of funding drainage tmprovements. These newer methods of dranage
financing seek to: 1} acknowledpe the drainage problem as a formal utility function, and 2) seek
to place a greater financial burden for remediation or prevenhion of drainage and Mooding
problems upon those activities contnbuting to the problem.

Numerous methods are avalable to finance drainage improvements and operations. As monies
for drainage projects become competitive with other city prejects, the need to evaluate financing
alternatives is necessary. The remainder of this section reviews the methods that enterprise fund-
based storm water utilities can use to: (1) finance ongoing operation and maintenance activities;
(2} provide up-front financing for cument and future capital projects; and (3) repay any
indebtedness 1hat resuits from financing the capital projects.

5.2 FUNDING OPERATION AND MATINTENANCE ACTIVITIES

For storm waler uiilities that are either a stand-alone enterprise or are a component of the
waterfwastewater enterprises, user charges are counted upon to fund ongoing activities. These
user charges are billed in a manner and frequency similar to that of water/wastewaler charges,
such as monthly, bi-monthly, guanerly, or annual billing. Typically, the estimated annual
operation and maintenance (O& M} expenditures include labor costs, matenals, machinery, and
some portion of General and Admimistrative (G& A) expendilures.

The hasis for the drainage charge is frequently the velume of impervious area, such as roofiops.
sidewalks, drniveways, streets, and other structures, in relation to tolal area. Impervious area is
eencrally indexed on a single-family residential equivalent basis {SFR). Impervious areas for
non-residential customers are often measured as a multiple of SFRs.

5.3 CAPITAL FUNDING
There is a wide range of sources of funds, including funds from public and private sources.

5.3.1 Pay-As-You-Go

Pay-As-You-Go financing 1s what its name implies. Improvements are made as sufficient
reserves are collected.  This method is low risk, but considering that projects need 1o be
constructed and on-line in order to generate revenue, the funds are often not available when

Cirv of Dubrgue, lowa Druinage Basin Master Plun
Fraancing Drainage Improvements and Operations 5.2 Fall 20008
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needed. However, for long-term capital improvement programs, it 1s often pessible to phase the
improvements in a manner in which pay-as-vou-go lnancing can comprise the majority of the
project’s financing.

5.3.2 General Obligation Bonds

General obligation bonds are long-term municipal bonds that are backed by the full faith and
credit of the City. Tius means that the local government piedges to use all of its taxing and other
revenue-raising powers to repay bondholders. General obligation bonds require a two-thirds
approval by voters. Since general obligation bonds have low nisk due 1o excellent collateral,
interest rates are usualiy one half 1o one percent lower than other municipal bonds.

5.3.3 Revenue Bonds

Revenue bonds are backed by the revenue {rom the enterpnse backing the project, including user
charges and, potentially, development impact fees. They also do not require a pubiic referendum,
but only the approval of the city council. If defaulted, bondhelders have nghts o the project
revenucs but not the project property. Revenue bonds are most typically used by water supply
and wastewater utilities,

Advantages of revenue bonds include:

o Credit analysis is relatively straight-forward compared to other types of bonds
» The primary beneficianes pay for the facility

¢ Decfauvlt on the issue does not burden local taxpavers

¢ Debt is not normally subject to a debt cetling

» Improved financial management is promulgated and

* A voter referendum may not be required.

Duisadvantages of revenue bonds include:
s Interest rate charges to the 1ssucr are generally gher than rates charged for general
obligation bonds

* Revenue bond ordinance usually contain restrictive covenants which may constrain
operalions

« The market for revenue bond debt is not as broad as for general obligation bonds.

Ciey of Dubugue, lowa Diratnage Basin Masrer Plan
Financing Orainage Improvements and Operations 5-3 Fall 2001
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5.3.4 Grants

Scveral grant programs are available for funding storm water-related activities, One of the most
common is the EPA’s Non-peint Scurce Implementation Grants, also known as Section 319
Grants'. These grants are intended to promote the use of Best Management Praclices in
minimizing andfor mitigating nonpoint source water pollution, from a watershed perspective.
Section 319 Grants requite a 40 percent cost share for studies and projects. The EPA has a
formula-based system for allocating their $200+ mullion dollar annual contnbution to the States’
lead agencies (in fowa, the Depannment of Natural Resources).

Other EPA grant programs include Water Quality Cooperative Agreements and Watershed
Assistance Grants. These programs can also be used for storm water-related facilities, but their
funding levels are minimal compared (o the Section 319 program.

Other programs include:

s Depaniment of Intenor: Land and Water Conservation Fund Grants 1o States,  As
indicated this program awards moneys 1o states for disbursement to individual
communities and projects. Though all states are eiigible, the funds onginate from
offshore o1l leasing revenues and projects tend to focus on coastal areas.

¢ Department of Apriculture, Natural Resource Conservation Service: Watershed
Frotection and Flood Prevention Program.  Technical assistance and cost shanng
opporlunities are available through this program, also known as the PL 565 Program
and the "Small Watershed Program”™.  The level of cost sharing varics by project.
This program provides assistance for Best Management Practices in relatively small
watersheds (less than 250,000 acres).

«  Department of Heusing and Urban Development {HUD): Community Development
Block Grants. Though these grants are typically targeted for urban re-development,
they can also be uwsed for infrastructure improvement. to the extent that these
improvemnents benefit the existing urban area. Most vrban areas of 50,000 or more
typically recejve some CDBO assistance.  Annual grants range from $300,000 1o
750,000, with some cost-shanng involved.  In some cases, municipal policies
dictate how these funds can be used.

' Clean Water Act. Section 319(h).

Ciev of Duhnegres, fowa Dirgingge Sasin Master Plan
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5.3.5 Developer Contributions

The need for a storm water facility addition in a community is often hinked to new development.
Developers can aiso be obligated when existing downstream facilities will not handle Nlow
increases from upsirearm construction.  Cities and counties must atso frequently call on their
residents and current revenue sources to install oversized system that are not needed now but will
be if anticipated growth occurs. Existing property owners do not always feel they can or should
bear the cost of improvements, which are needed pnmarly to facilitate growth; therefore,
developer contnbunions enable communities to meet these kinds of demands on the system.

Charges are levied on new developments after the improvement is constructed, as 4 means of
balancing lnancial paricipation. The intent is {0 enabie a community to achieve excess capacity
improvements in advance of growth, yet place an equitable portion of the cost on ihose
properties. which later develop and make use of the extra capacity butll into the systems.

5.4 CAPITAL RECOVERY

5.4.1 Monthly User Charges

For purposes of obiaining debt financing and meeting debt service coverage requirements,
monthly user charges must be set at a level that will generate sufficient annual revenue to cover
all O&M and debt service costs. More typically, total enlerprise revenues must be anywhere
from 1.10 to 1.30 times higher than the sem of Q&M and debt service costs.

5.4.2 Impact Fees

Development mmpasct fees are a method of recovenng capital costs that have been used to
construct new facilities for new customers. That s, drainage facilities constructed 1o
accommodate new growth shauld be paid for exclusively by the new residents benefiting from
these new facilities. Impact fees are used in most states for this purpose and have been upheld
by cours.

When rapid growth in the Jate 197('s and early 1980°s hit many Iowa municipalities, a
noticeable number of municipalities implemenied capital recovery (impact} fee programs for
new water and wastewaler connections. Some tmplemented such fees for drainage as well.
These fees were targeted at making new growth “pay for itself.” The intent of these up-front fees
were 1o gather cash for the purpose of partal or full financing of public capital improvements
attributable to new growth,

City of Dredrtagree, fowe Dirainage Basin Master Plan
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Advantages of the capital recovery fee approach include:

o Parial or full funding of growth-induced drainage problems 18 bome by new
development,

+ Specific lunding becomes available for the scle vse of drainage capital projects, and

+ Incorporation inte the mengage financing, the mnteresi is Federally tax deductible.
Disadvantages include:

= Raises the cost of new homes and lessens linancing eligibility for home buyers,
s May re-locate some new development to nearby communities with lower or no fzes,

¢  Takes time to accomulate enough fee revenue to make substantial contribution to new
project financing when needs may be immediate.

« Can create double-charge inequities anising from “growth™ having paid ence up-front
for drainage ymprovements and again over longer-term through taxes.

» Siit] leaves “existing” dranage and (loading problems subject to the difficulties of
General Fund Ainancing mentioned above.

5.5 MUNICIPAL DRAINAGE UTILITIES

Jowa Legslature enucied a Jaw (lowa Code Sections 384.80-384.94) specifically authorzing the
creation of municipal drainage utilities. This Act allowed drainage utilities w be formed as an
enterprise fund function of mumcipal povernment on a par with the financial and operational
capabilitics of muricipal waterfwastewater and electnc utility funds. Typically, separate revenue
and (capital and operating) expense accounting is maintained with fund income arising from
drainage fee {rate) revenue and collection or transfers from other funds. Most commeon is a
periodic drainage fee (i.c. rate charge} that is usually made monthly and included on the
waler/wastewater billing. This maonthly drainage fee usually reflects a flat charge for single
farmily residentisl or a unit charge per amount of impervious cover for multi-famly, commercial,
industnal. municipal. religious, and institutionat Jand uses. The drainage fee levies should be
equitable, related 1o the extent of problem drainage caused by the land use, and produce a
targeted level of overall revenue recovery for the drainage wility. Equity includes reduction or
ehimimation of fees for low income and elderly customers. The income of a drainage wtility can
also include the drainage capital recovery levy previously descnibed.

iy af Dubugue, fova Druinage Basin Master Plan
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Advantages of the municipal drainage utlity approach inciude.
*« Provides continuing stream of income for on-going drainage improvements and
operational activities,
e Altows for the issuance of uiility revenue bonds 1o fund capital improvements,

«  With proper fee design, a reasonable charge can be levied that is equitable between
new development and longer-term residents and also equitable among differing land
uses, and

* Raises the chronic drainage issue to a higher profile level and better targets needed
actions.

Disadvantages include:
* In gathering revenues as a monthly rate charge, this source of financing iz not
deductible by rate-pavers on Federal tax retumns, and

* The City may incur slightly more administrative overhead due to the separale
enterprise fund accounting and potentially expanded drainage programs.

Municipal drainage utiliies have been implemented by a number of cities in Jowa 1o fund
projects to mitigate existing drainage problems. A list of cities in lowa is provided in Table 5.1.

Table 5.1
Municipal Drainage Utilities in lowa
Muricipality
» Des Moines *+  Ames
»  Sioux City *  Burlington
« {(Cedar Rapids *« HRoone

+  Gamer

Bagse residential fees charged by municipal drainage wtilities in Iowa were found 1o range from as
low as $1.50 per month for the Ciry of Ames 1o as high as $4.60 per month for Des Moines. An
estimate of revenues that could potentially be generated by the City of Dubugue with a
comparable fee structure as some of the cities surveyed is presented in Table 5.2, As shown in
Table 3.2, annual revenues for the City of Dubugue with a comparabie (ee structure as the six
cities shown would range from about $415.600 to $2,124.300 per vear. This type of revenue
would provide a means for the City 1o implement a number of projecis for identified problem
areas over a period of five (o ten years wathout the use of the general revenue fund or issuance of
capital improvement bonds.

Ciry of Dubugue, fowa Drainage Aasin Master Plan
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Table 5.2
Estimated Annual Revenue for the City of Dubuque With Implemenlation of Municipal
Drainage Utility with Comparable Fee Structures

. _ Base Ptiunicipa_l _ City of Dubuque Estimated

City Population Residential Fee Drainage Utility _Aumual Revenue with. "

Annual Revenue | Comparable Fee Structure
Des Moines 193,190 =4.60 £7.,200,000.00 $2.124,3%)
Stoux City 82.970 5184 110000000 5755700
Cedar Rapids | 114560 52.25 597000000 5482 BN
Ames 45.415 5 1.50 $353.000.00 3415600
Burlington 26855 F3.00 5234 000.00 406,700
Boone 12.755 $1.95 S183.850.00 SE21. M)
Gumer 2915 32.63 S55.000.00 SLAP 5

Moles:
1. Esteroaneel muppher of customers Tor Ciy of Dubugue 15 37,000,

2. Esmimawed annual revenue determined by wsing the ratio of each ciry's population with Dubaque’s population, then
multiplying each city’s muncipal drasnape utility anmual revenus by the respective population taii,

C:.!'r}' of Dibeguee. fovee Drainage Basin Master Plag
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