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PREFACE
Cedar City(City) has contracted with Sunrise Engineering, Inc. to prepare this Stormwater Master Plan (Plan)

to provide an approach for the planning and implementation of stormwatercontrol facilities and

infrastructure for the City. This plan also provides information regarding existing stormwater infrastructure,

analyzes facilities for adequacy, and makes recommendations for improvements.
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INTRODUCTION
This Stormwater Master Plan has been prepared forCedar City. Cedar City islocated in Iron County between

Enoch to the north and Kanaraville to the south. Cedar City lies at the base of Cedar Mountain.

Cedar City covers an area of approximately 36 square miles and is inhabited by over 38,000 people making it

the 23rd largest City in Utah.The local geography ranges from flat desert terrain in the western portion of

the City to steep mountainous terrain in the east. The variable weather in Cedar City over the last few years

has caused substantial periodic flooding throughout the City.

Historically, the City’s storm drainage system consisted of a network of ditches that were primarily used for

irrigation. The City has since put in place storm drain infrastructure and is continually improving to separate

the irrigation system and storm drain system. This report reflects a movement to separate from the irrigation

system.

The City has constructed significant flood control improvements. The City’s existing storm drain network

routes the majority of storms without flooding; however, improvements are needed to convey large rain

event storms. This report will give recommendations on infrastructure to improve the system and prevent

flooding in larger storm events. The City has experienced growth at a rapidly increasing rate. As this growth

occurred, the construction of homes, roads, and other improvements typical of developed communities has

altered the natural terrain upon which the community was built. These alterations have resulted in an

increase in storm water runoff generated by storm events and have changed the routes by which storm

runoff is directed through the City. These alterations have increased the amount of water that will runoff into

the storm drain system placing an increased demand on the storm drainage system. Future growth will

continue to add more demand on the storm drain network.

The current drainage system in Cedar City is comprised of series of detention basins that capture and convey

water coming off the mountain and an interior system that routes water within the city. The infrastructure is

primarily comprised of High-Density Polyethylene Pipe, Reinforced Concrete Pipe, CPP, and Corrugated

Metal Pipe, box culverts, and streets with curb and gutter.

Currently, Section 38-2-2 of Cedar City’s Drainage Ordinance requires thatdevelopers who develop by

subdividing the property, improve a dedicated street, or obtain a building permit shall pay for any storm

drains, drain inlets, or catch basins that are required for development. In addition, if a master planned storm

drain is required to convey off-site storm water runoff through a development, the developer shall pay for

the cost to install an “18-inch diameter storm drain, or a storm drain sized to convey the storm water runoff

from the developer’s development, whichever is greater.”

This Plan includes general requirements for the sizing, maintenance, and configuration of a storm water

management system in Cedar City. The Plan also makes recommendations for addressing specific problem

areas in the City.  In addition, this Plan provides operation and maintenance recommendations for existing

and future storm water improvements.

It is intended that this 2022 Storm Water Master Plan will help the City of Cedar manage current and future

storm water routing scenarios.
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SECTION 1 | BASIN DESCRIPTION & DATA COLLECTION

1.1 FIELD INVESTIGATION

Cedar City is located inthe southeast Great Basin at the mouth of Coal Creek in south-central Utah, Iron

County. Cedar City lies in a semi-arid part of the state at an elevation of 5,800 feet above sea level, with

10,000-foot mountains to the east and a vast desert area to the west.

The community can be classified as rural and suburban due to varied land uses within the City. These land

uses range from pasture and farmland to moderate and high-density residential housing and light

commercial use.  Development in the City has hada direct impact on the natural drainage patterns and

native ground cover historically found in the area.  These changes in ground cover and drainage patterns

contribute to storm water problems and potential flooding in the City.

To assist with preparationof this Plan, Sunrise Engineering’s staff conducted a detailed field investigation of

the City. The overall purpose of the field investigation was to collect information regarding existing drainage

improvements, drainage patterns, and existing problematicareas in the study area. The field investigation

was further supplemented by GIS data, obtained from the City. An accurate hydraulic model for Cedar City’s

storm water system was then developed.The gathered information was then used in a hydrologic analysis of

the study area to determine the amount of runoff generated by specific precipitation events and to evaluate

the ability for existing infrastructure to convey the runoff flows.

1.2 EXISTING DRAINAGE FACILITIES

1.2.1 ROADWAY CONVEYANCE

Excess storm water generated by a given rainfall event typically sheet flows to the curb and gutter system

lining the streets within a drainage area.  Where necessary, valley gutters are located at the street

intersections to route storm water across cross-streets at the intersections.  Curb inlet boxes are installed in

certain locations within the gutter systems to collect water from the streets and direct it into available storm

drain pipes or natural drainage channels.  On streets where curb and gutter systems are absent, shoulder

swales often serve as drainage barriers which route storm water runoff in the direction of the highest

gradient to the nearest drainage facility or local depression.Due to the steep nature of many of the

roadways in the City, sheet flow can sometimes produce moderately high velocities.

1.2.2 STORM DRAIN PIPE SYSTEM

Storm drain pipe systems are located in portions of the City and were constructed for specific drainage

regions.  These systems include catch basins, cleanout boxes, pipe segments, and outfall structures which

discharge storm water to natural drainage features.  When curb and gutter conveyance is not able to convey

storm water the City has installed storm drain pipe systems to route storm water to the nearest storm drain

collection system or natural drainage feature. New pipe segments have been proposed in certain areas in

Cedar City where the curb and gutter do not have the capacity to handle the storms. A comprehensivemap

of the existing drainage improvements is included as Figure IV.C.1 in Appendix A.
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1.2.3 FLOOD IRRIGATION SYSTEM

Historically, the City’s storm drainage system consisted of a network of ditches that were primarily used for

irrigation. The City has since installed storm drain infrastructure and is continually installing improvements to

separate the irrigation system and storm drain system. This report reflects a movement to separate the storm

drain system from the irrigation system.

1.2.4 DETENTION FACILITIES

Cedar City lies at the bench of large mountainous region. Storm events in the mountain region generate

ephemeral streams and rivers which flow toward Cedar City. The City has many detention facilities located at

the base of the ephemeral streams. The detention facilities help manage peak storm water flow coming from

the mountains. The City also has multiple drainage basins on the mountain bench of Cedar City that help

lower peak flows downstream in the interior of Cedar City.

Detention facilities are used to dampen peak flows to a smaller volume that can behandled by downstream

infrastructure. New drainage basins have been proposed in certain area in Cedar City where downstream

infrastructure doesn’t have the capacity to handle peak flows. A comprehensive map of the existing drainage

improvements is includedas Figure IV.C.1 in Appendix A.

1.2.5 NATURAL DRAINAGE CHANNELS

There are3 primary natural drainage channels that are located within theCedarCity watershed. These

drainage channels are described below:

�x Quichapa Channel: Quichapa Channelforms along the North side of Highway 56. From highway 56 it

zigzags through agriculture and outlets into Quichapa Lake.

�x Coal Creek: Coal Creekoriginates from the mountains to the East. Coal Creek is the main discharge

point for a significant portion of Cedar City. Coal Creek goes right through the center of town with

historic Cedar City to the South, and the Fiddlers Canyon area to the North.

�x Nichols Canyon Wash: Nichols Canyon Wash is locatedon the North of Cedar City. This drainage

channel captures water that originates up Fiddlers Canyon.

1.3 WATERSHED INFORMATION

Work performed during the data collection and field investigation phase of this study included adetailed

review of how storm water runoff within the City of Cedar is routed to the primary drainage channels and

pipe systems previously described. The direction of storm water flow was established for local developments

and existing storm-water conveyance facilities were reviewed to understand how they route storm water to

the major drainage channels.  After these patterns were determined, watershed drainage basins and sub-

basins were delineated.

A drainage basin is a portion of a greater watershed areathat has specific, well-defined boundaries and

produces runoff at a downstream point location.  A sub-basin is a sub-area within a drainage basin that is

characterized by drainage features and homogeneous land use and contributes runoff to the drainage basin.
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Dividing larger watershed areas into individual drainage basins and sub-basins allows more detailed and

accurate analyses of the individual areas.  These individual analyses can then be combined to generate data

for the large basins and the watershedas a whole. This process was followed for this Plan. An exhibit

showing the drainage sub-basins as analyzed has been included as Figure II.C.1 in Appendix A.

1.4 SOIL TYPE INFORMATION

The soil type within a watershed area has a significant impact on howmuch excess stormwater is available

for runoff because the soil type determines the precipitation infiltration rate.This infiltration rate is the rate at

which water moves from the ground surface into subsurface soil layers.If the infiltration rate is very high,

stormwater runoff generated by precipitation events is lower because a greater volume of moisture is

absorbed by the soil.Conversely, if the infiltration rate is low, higher volumes of runoff are generated

because minimal absorption occurs in thesubsurface soil layers.The Soil Conservation Service (SCS) has

studied soil types throughout the United States and has grouped soils according to their type and infiltration

rates.These groups are described in the list below:

�x Group A: These soils have ahigh infiltration rate. They are chiefly deep, well drained sands or gravel,

deep loess, or aggregated silts.They have low runoff potential.

�x Group B: These soils have a moderate infiltration rate when thoroughly wet.They are moderately deep

and well drained and of moderately fine to moderately coarse texture.Examples are shallow loess and

sand loam.

�x Group C: These soils have a slow infiltration rate when wet.They are soils with a layer that impedes

downward movement of water and typically have moderately fine to fine texture. Examples are clay

loams or shallow sandy loams.These soils are typically low in organic content and high in clay content.

�x Group D: These soils have a very slow infiltration rate.They are chiefly clay soils with high swelling

potential. A high water table is often permanent.Clay pan is often found at or near the surface.A

shallow layer of soil may cover a nearly impervious material.Examples include heavy plastic clays and

certain saline soils.They have high runoff potential.

The United States Department of Agriculture, National Resource Conservation Service (NRCS) has performed

several studies of soils throughout the United States including those in Cedar City and the surrounding area.

These studies reveal that the soil types located in the study area are primarily of groups B, C, and D.  Soil

data used for the study area consisted primarily of data from the SSURGO database which was obtained

from the NRCS Web Soil Survey website.  The data collected was used in the watershed analysis described by

this Plan. A map of the SCS soil types in the study area is included as Figure II.D.1 in Appendix A.

Much of Cedar City is underlaid by hydrocompaction susceptible soils. Developments that are planned for

areas that are underlaid by hydrocampaction susceptible soils should route stormwater into the storm drain

network without the use of retaining facilities. A map showing the relative hydrocompaction susceptibility is

included asFigureI.A.1in Appendix D. Areas shown should notretain water onsite.
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1.5 LAND USE PATTERNS

The type of land use in a given watershed area is a factor that significantly affects the magnitude of

stormwater flow and runoff volume generated by precipitation events.Land uses that have relatively higher

percentages of impervious surfaces such as parking lots, shopping areas, storage yards and high density

residential housing tracts generate more stormwater runoff than areas with lower percentages of impervious

surfaces such as parks and grasslands.

A review of the national land cover database (NLCD), current aerial photographs, and information collected

during the field investigation was used to determine the current land use categories used in this Plan.These

land uses include the following:

�x Developed

�x Developed, Open Space: Areas with a mixture of some constructed materials, but mostly

vegetation in the form of lawn grasses. Impervious surfaces account for less than 20% of total

cover. These areas most commonly include large-lot single-family housing units, parks, golf

courses, and vegetation planted in developed settings for recreation, erosion control, or aesthetic

purposes.

�x Developed, Low Intensity: areas with a mixture of constructed materials and vegetation.

Impervious surfaces account for 20% to 49% percent of total cover. These areas most commonly

include single-family housing units.

�x Developed, Medium Intensity: areas with a mixture of constructed materials and vegetation.

Impervious surfaces account for 50% to 79% of the total cover. These areas most commonly

include single-family housing units.

�x Developed, High Intensity: highly developed areas where people reside or work in high numbers.

Examples include apartment complexes, row houses and commercial/industrial. Impervious

surfaces account for 80%to 100% of the total cover.

�x Barren

�x Barren Land (Rock/Sand/Clay): areas of bedrock, desert pavement, scarps, talus, slides, volcanic

material, glacial debris, sand dunes, strip mines, gravel pits and other accumulations of earthen

material. Generally, vegetation accounts for less than 15% of total cover.

�x Forest

�x Deciduous Forest: areas dominated by trees generally greater than 5 meters tall, and greater than

20% of total vegetation cover. More than 75% of the tree species shed foliage simultaneously in

response to seasonal change.

�x Evergreen Forest: areas dominated by trees generally greater than 5 meters tall, and greater than

20% of total vegetation cover. More than 75% of the tree species maintain their leaves all year.

Canopy is never without green foliage.
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�x Mixed Forest: areas dominated by treesgenerally greater than 5 meters tall, and greater than

20% of total vegetation cover. Neither deciduous nor evergreen species are greater than 75% of

total tree cover.

�x Shrubland

�x Shrub/Scrub: areas dominated by shrubs; less than 5 meters tall with shrub canopy typically

greater than 20% of total vegetation. This class includes true shrubs, young trees in an early

successional stage or trees stunted from environmental conditions.

�x Herbaceous

�x Grassland/Herbaceous: areas dominated by graminoid or herbaceous vegetation, generally

greater than 80% of total vegetation. These areas are not subject to intensive management such

as tilling, but can be utilized for grazing.

�x Planted/Cultivated

�x Pasture/Hay: areas of grasses, legumes, or grass-legume mixtures planted for livestock grazing

or the production of seed or hay crops, typically on a perennial cycle. Pasture/hay vegetation

accounts for greater than 20% of total vegetation.

�x Cultivated Crops: areas used for the production of annual crops, such as corn, soybeans,

vegetables, tobacco, and cotton, and also perennial woody crops such as orchards and vineyards.

Crop vegetation accounts for greater than 20% of total vegetation. This class also includes all

land being actively tilled.

�x Wetlands

�x Woody Wetlands: areas where forest or shrubland vegetation accounts for greater than 20% of

vegetative cover and the soil or substrate is periodically saturated with or covered with water.

�x Emergent Herbaceous Wetlands: Areas where perennial herbaceous vegetation accounts for

greater than 80% of vegetative cover and the soil or substrate is periodically saturated with or

covered with water.

A map showing the current land uses used in this study has been included as Figure II.E.1 in Appendix A.

Development in the City has been governed by and has generally followed guidelines established by

adopted zoning ordinances.It was assumed, for the purposes of this study and for predicting future land use

patterns within the City, that development and land use will follow theCedarCity Zoning Map. Thecurrent

zoning map has been included as Figure II.E.1 in Appendix A.

1.6 HISTORY OF FLOODING & COMPLAINTS

The data collection and field investigation process completed for this study included coordination with the

City to identify existing storm water related problem areas within the City.  A summary of the problem areas

identified has been included below:
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�x I-15 Corridor from 800 South to 200 North including both sides of I-15– In this region, storm water

naturally flows from southeast tonorthwest. Therefore, as the storm water flows west, it collects and

flows north along I-15. There is no road present having the adequate storm water conveyance system

to convey the water at the base of I-15. Therefore, heavy precipitation events result inponding and

flooding in this area. The water from this region ultimately needs to be routed under I-15 where it can

then continue flowing northwest.

�x Fiddlers Canyon Road, Nichols Canyon Road, Ashdown Forest, and Sunbow Area– The intense slopes

and large watersheds that drain into the community from Cedar Mountain presents a challenge for

routing storm water off the streets and into surrounding channels. As a result, there was reported

flooding from homeowners with homes along the east boarder of the community that face the brunt

of the runoff. In addition, much of the northeast community has low-profile Type D curbs. The

combination of high street flow velocities due to steep slopes in the area and low-profile curbs was

likely a major cause of property damage and flooding.

�x Sunset Canyon, Crescent Hills, Cody Drive, and Cross Hollow Road– Historically the majority of storm

water runoff in this area comes from the east, which has higher elevation and steeper slopes. Flooding

in this area is likely due to the peak flow exceeding the capacity of the current infrastructure in the

area.
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SECTION 2 | HYDROLOGIC ANALYSIS

2.1 INTRODUCTION

After the field investigation and data collection process was performed a hydrologic analysis of thedrainage

basins was created for Cedar City.

EPA SWMM® was used in this analysis to determine peak and total volume flows generated in the drainage

basins and sub-basins. The main purpose of this analysis is to provide a hydraulic model that accurately

represents the current storm drain system and will be used for future development. The main purpose of the

analysis is to provide reference information for future analyses, basic data for future designs, and to ensure

than no current systems within Cedar Cityare largely undersized or under designed.

Certain assumptions and modeling parameters that mathematically describe precipitation and runoff

characteristics of the study area were required for development of the computer model.These parameters

include:

�x Method of Analysis

�x Sub-basin Delineation

�x Rainfall Data

�x Design Storm

�x Soil Type and Land Use Characteristics

�x Basin Equivalent Width

�x % Impervious

A discussion of these input parameters and the process of creating the hydrologic model is given in Section

2.2 below. Results generated by the computer model are discussed in Section2.3.

2.2 HYDROLOGIC MODEL

2.2.1 METHOD OF ANALYSIS

Numerous methods have been developed for performing hydrologic analyses for given watersheds.Each of

the methods has its strengths and weaknesses; therefore, particular methods are better suited to specific

watershed characteristics and configurations.The EPA SWMM model will useslope & Froude for normal

flowing pipes, and Hazen Williams for pressurized pipe. The EPA SWMM model also will usethe SCS method

to calculate infiltration. Data required for input includes rainfall intensities, predominant soil types, land use

patterns,basin width for individual basins, and infiltration curve numbers (CN) for individual basins.Output

results are runoff hydrographs from which peak flows and volumes can be determined.

Typically storms have different intensities and will rain harder at certain times during a storm event. These

patterns have been analyzed throughout the US and a few standard patterns otherwise known as storm



Sunrise Engineering |CedarCity | Section 2 Hydrologic Analysis 8

distributions have been developed. The model will use two standard storm distributions 1) SCS Type II

distribution and 2) Farmer Fletcher Curve.

In the Unit Hydrograph Method, input data is used to createan output hydrograph. Different design storms

for Cedar City will be used for the analysis(i.e. 10-year 3-hour, 100-year 3-hour, and 100-year 24-hour) based

on the theory that individual hydrographs resulting from successive increments of rainfall excess that occur

throughout a storm period will be proportional in discharge throughout their length. The EPA SWMM®

software package has the ability to runa dynamic modelmethod to generate stormwater discharge

hydrographs based on the required input data.Hence, this package was appropriately suited for analysis of

the CedarCity watershed.

2.2.2 SUB-BASIN DELINEATION

In order to effectively model precipitation and runoff scenarios for theCedarCity watershed, the study area

was divided into drainage basins as described in Section II.These basins were further broken down into

several sub-basins which contribute to the total runoff of the larger drainage basins.Figure II.C.1 included in

Appendix A illustrate the basin and sub-basin delineations.These basins were delineated using a

combination of automatically delineated basins using a digital elevation model (DEM) imported intoEPA

SWMM® and by manually adjusting subbasin using Lidar data. The DEM utilized was obtained from the

Utah AGRC website. These basins and sub-basins represent the current storm runoff configuration for the

City.

2.2.3 RAINFALL DATA

Rainfall data necessary for input into the computer model was taken from the National Oceanic Atmospheric

Administration (NOAA) website ATLAS 14.Information regarding design storm depth-duration-frequency

(DDF) of rainfall depthsprovided in Table III.B.1 in Appendix B.The precipitation data given in a DDF table

can be used to create a DDF curve which is a relationship between the depth, duration,and frequency or

return period of a given storm event. This, in turn, can be used to produce a storm temporal distribution.This

distribution is a relationship between the percentage of rain producedand the amount of time that has

elapsed. These distributions are related to the design storm duration and the distribution used in this study

can be found in Table III.B.2 in Appendix B.

2.2.4 DESIGN STORM

The design storm for a hydrologic analysis is normally chosen based upon data observations that reveal the

type of precipitation event that produces the highest peak flows and volumes for a given watershed under

realistic rainfall event conditions.In the western United States and especially arid areas, storms that generally

produce the highest levels of runoff arethunderstorms.Historically, the rainfall event frequency used to size

storm drain pipes in southern Utah has been the 10-year 3-hour storm, 100-year 3-hour storm, and 100-year

24-hour storms. The existing drainage system should be designed so that a 10-year 3 hour storm will be

conveyed within the drainage network. The existing drainage system including roadway flow should be

designed to convey the100-year 3-hour storm. The 100-year 24-hour storm has generally been used to size

detention facilities.These design storms are consistent with the requirements found in Section 3.3.2 of the

CedarCity EngineeringStandards, and have consequently been selected for use by thisPlan.
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2.2.5 SOIL TYPE & LAND USE CHARACTERISTICS

One factor that significantly affects the amount of runoff generated by a particular watershed is the soil type

within the watershed.Different soils have different infiltration rates, or rates at which water can move

through the surface to subsurface layers and thus be held from flowing off the watershed via surface

drainage.If the infiltration rate is high, the runoff generated from storms is decreased.If the infiltration rate is

comparatively low, precipitation will flow off the watershed rather than being absorbed.

Another important factor that affects the amount of runoff generated by a watershed is land use.Developed

areas have a higher percentage of impervious surfaces like streets, driveways, parking lots and roofs while

undeveloped areas are typified by pervious surfaces and plant featuresthat are more efficient at absorbing

precipitation, preventing it from leaving the watershed as runoff.The result is that higher rates are expected

with increased development than are typically observed from a watershed in its natural condition.

The effect of soil types and land uses on watershed runoff flows and volumes is accounted for within the SCS

Unit Hydrograph method for hydrologic analysis by the runoff curve number (CN).The Soil Conservation

Service has calculated CN values for each soil groupbased on particular land uses.Representative curve

numbers were calculatedby the computer model according to soil maps and land use maps imported into

the model under existing and build-out conditions. These soil type maps and land use maps areshown in

Figure II.D.1 and Figure II.E.2 in Appendix A.Each sub-basin was assigned by the model a composite CN

value based on a weighted average of the different soil and land use types located within each sub-basin. In

addition, the curve number values assigned to each of the sub-basins is shown in tabular form with other

drainage basin parameters listed inthe hydrologic model data, which is included in AppendixG.

2.2.6 PERCENT IMPERVIOUS

One factor that significantly affects the amount of runoff generated by a particular watershed is theamount

of impervious area in the subbasin.This correlates directly to the amount of waterable to infiltrate into the

soil. Below is a table that outlines the different values usedin the EPA SWMM model. Some areas have a

combination of these designations and were givena weighted average for the mixed areas.

LAND DESIGNATION % IMPERVIOUS
OPEN SPACE 8

HIGH DENSITY 51

1/4 ACRE 34

1/3 ACRE 29

1/2 ACRE 24

INDUSTRIAL 65

PARK 12

2.2.7 BASIN WIDTH

The final input parameter required for the hydrologic model is thebasin width (W) which is generally defined

as thewidth of the overland flow path for sheet flow runoff.An initial estimate of the characteristic width is
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given by the subcatchment area divided by the average maximum overland flow length. The maximum

overland flow length is the length of the flow path from the furthest drainage point of the subcatchment

before the flow becomes channelized. Maximum lengths from several different possible flow paths should be

averaged. These paths should reflect slow flow, such as over pervious surfaces, more than rapid flow over

pavement, for example. Adjustments should be made to the width parameter to produce good fits to

measured runoff hydrographs.

2.3 HYDROLOGIC MODEL RESULTS

Information regarding sub-basins, rainfall data, design storms, land uses, soil types and lag times were

compiled. Following the compilation of the watershed and rainfall information, an analysis usingEPA

SWMM® storm water management modeling softwarewas run which generated runoff hydrographs for

each sub-basin in the watershed area.The runoff hydrographs provided values on peak flows and total

runoff volumes for each sub-basin.Peak flows and volumes resulting from the 100-year 3-hour storm event

under future conditions is summarized inTable III.B.3 and Table III.B.4 in Appendix B.
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SECTION 3 | SYSTEM ANALYSIS

3.1 INTRODUCTION

After the hydrologic analysis described in Section III of this Plan was completed, a general overall evaluation

of existing drainage conditions and facilities inCedar Citywas performed to determine the adequacy of

existing storm drain conveyance and routing facilities.This evaluation included hydraulic analyses of existing

drainage features such as roadways, storm drain pipe systems, culverts, etc.The results of this analysis were

used to reveal locations of flooding potential, to indicate where additional storm drain systems,

improvements, or repairs are needed, and to provide insight on the prioritization of future projects and

improvements.

The discussion presented in this section includes an analysis of existing storm drain facilities,

recommendations for repairs to the existing system, and proposed construction of additional storm drain

facilities.A brief and general description of the existing storm drain facilities is given in Subsection3.2.

Subsection3.3 presents the recommended improvements and changes to theCedarCity stormwater system

which are needed to alleviatepresent problems or deficiencies.

3.2 EXISTING FACILITIES

Primary stormwater conveyance facilities existing inCedar Cityinclude the roadway systems,swales,old

irrigation ditches, storm drain pipe systems, culverts and natural drainage channels.A brief discussion of the

role and conveyance capabilities of each is given in the following highlighted subsections.This subsection is

meant to be informative and provide details regarding the design methods used to determine system

improvements.An exhibit showing the existing stormwater improvements has been included as Figure IV.C.1

in Appendix A.

3.2.1 ROADWAY CONVEYANCE

After precipitation contacts the surface, excess stormwater begins to flow in the direction of highest gradient

to concentration points. These concentration points are often a roadway with its defined edges being formed

by a curb and gutter system or shoulder swales.The stormwater conveyance capacity of a givenroadway is

governed primarily by its cross-sectional shape (as determined by the curb and gutter configuration) and the

cross slope of the roadway.Like any other conveyance channel, the longitudinal slope and surface roughness

also strongly influences the capacity.The EPA SWMM model utilized the city’s standard cross sections for

different roads throughout the city to calculatestormwater flow on the street.

Cedar City standard road cross sectionspresent the conveyance capacity of the typified roadway cross

section outlined above based on slope.

Several of the streets inCedar Cityare not characterized by the idealized cross section used to develop the

street flow capacity equation given above.Some of the streets have no curbs at all and depend on swales or

irrigation ditches to convey all stormwater flows from the immediate surrounding area.For these cross

sectionsEPA SWMM was used to make custom cross sections.
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3.2.2 STORM DRAIN PIPE SYSTEMS

Storm drain pipe systems are currently installed in many areas of the City.These systems generally include

catch basins, cleanout boxes, pipe segments, etc.Some of these systems function as complete isolated

systems and do not tie into larger City storm drain mains.Others collect storm runoff for a particular area

and route water to larger storm drain pipes where the runoff is combined with flows from other areas before

being routed to natural drainage facilities.

The majority of the isolated systems are functioning asdesigned and are effectively conveying stormwater

out of nearby streets and developed areas. However, as currently configured,some of the larger downstream

collection mains are overburdened and are not able to adequately convey the runoff generated by thestorm

events.

The conveyance capacity of piped storm drain systems is generally calculated using Manning’s equation

(previously shown).Table IV.B.3 in AppendixC presents the conveyance capacity of several types of piped

systems based on the installed slope of the pipe.

Excess stormwater routed into these systems generally enters the storm drain pipe system through catch

basins and inlet boxes.Covers and grates for these inlet boxes have many different sizes and configurations

which affect the amount ofstormwater that can be captured by these boxes.If the actual grate is smaller or

becomes choked with debris or is otherwise clogged, the capture capacity is reduced.Limited capacity at a

grate may cause localized flooding and may also cause flooding at downstream grate locations due to the

reduced amount of water being captured at upstream locations.Future storm drain system designs and

development requirements should takethis into account.

3.2.3 FLOOD IRRIGATION SYSTEM

Historically, the City’s storm drainagesystem consisted of a network of ditches that were primarily used for

irrigation. The City has since put in place storm drain infrastructure and is continually improving to separate

the irrigation system and storm drain system. This report reflects a movement to separate from the irrigation

system.

3.2.4 CULVERTS

Conveyance facilities withinCedar Cityinclude several natural drainage channels.With this being the case,

numerous culverts are located throughout the City to convey stormwater under roadways or other such

embankments.

The shapes of these culverts may vary, but most are understood to be circular.Culvert construction materials

also vary.Many are made from steel, concrete, and plastics. Culvert inlet and outlet configurations also vary.

All these factors, including the size of the culvert, contribute to the conveyance capacity.
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3.3 SYSTEM IMPROVEMENTS

Based on the findings of the field investigation (including the known problem areas) and the results of the

hydrologic and hydraulic analyses (see AppendixC) the following list of recommended improvements has

been provided.

A map showing most of the recommended improvements has also been included as Figure IV.C.2 in

Appendix A.

3.3.1 RECOMMENDED IMPROVEMENTS

3.3.1.1 FLOOD ZONE 1: HISTORIC CEDAR CITY AREA

1 Improve Conveyance Along 1275 W.

�x It is recommended that a ditch be created on the west of the road that will route water to the

north. The ditch will extend from 600 S to University Blvd. The ditch will need to have a capacity

of 250 CFS.

2 Create Conveyance on theEast Side of I-15 at the Crossing of University Blvd.

�x It is recommended that a 60” Culvert be added under University Blvd. This culvert will convey

stormwater in a ditch to W Harding Ave where it will cross West under I-15. It is proposed that an

additional 54” pipe be installed parallel to the existing 72” culvertgoing under the freeway.

3 Increase Conveyance Along the West Side of I-15 South of University Blvd.

�x The existing 48” RCP pipe and subsequent 36” x 72” box culvert are at capacity from flow achieved

upstream. It is recommended to install a48” pipe parallel to the existingbox culvert to catch storm

drain water from the West of I-15.

4 Increase Conveyance in Ditch leading to Tagg N Go car wash.

�x Extend the existing 48” pipe to the confluence of theditch and the 72” arch pipe going under the

freeway. Place a junction vaultwith inlets being the proposed 48” and 54” pipe and the existing

72” inch arch pipe. The outlet will betwo parallel 60” pipes. These pipes will replacethe existing

ditch. Construct a 60” pipe from Center St. to the confluence vault.

5 Increase Conveyance Along 1000 W to 1025 W to Thunderbird Way.

�x Construct a 24” pipe from the end of the cul-de-sac on 1000 W to the intersection of Thunderbird

Way and 1275W. This will help convey flow that builds up along 400 S.

6 Increase Conveyance Along 800 W from 400 S to 200 N.

�x Construct a 24” pipe from 400 S to Thunderbird Way. Construct a 36” pipe from Thunderbird Way

to 200 N. This will help prevent large flows fromflowing down Thunderbird way and into the

football stadium area. This improvement also includes a 24” pipe running along 400 S from 800

W to the SUU Multipurpose Center entry.
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7 Increase conveyance Along Harding Avenue.

�x Construct an 18” pipe from 1000 W to1150 W. Construct a 24” pipe from 1150 W to I-15. The 24”

will tie into the proposed 54” that will be bored under I-15.

8 Increase Conveyance along 1100 W from 800 S to 425 S to 1275 W.

�x Construct a 36” pipe from 800 S to 600 S.Construct a 48” pipe from 600 S to 475 S. Construct a

36” pipe from 1100W to 1275 W.

9 Increase Conveyance along 400 N from1000 W to I-15.

�x Construct a 24” pipe from 1000 W to I-15 along 400 N. This will tie into the existing irrigation

culverts that go under I-15.

10 Increase the conveyanceon Sunrise Ave.

�x Construct a 24” pipe along Sunrise Ave. starting at Foothill Dr. and continuing to the end of the

road. From the end of the road construct a 24” pipe to Paiute Dr and then into Coal Creek.

11 Add Curb & Gutter on 275N.

�x Add Curb & Gutter on 275 N. between Bulloch Pl and 210 E. This will give the street additional

capacity to route water away from the Paiute Indian Tribe of Utah structure.

12 AF Detention Basin.

�x Constructing a detention facility prior to 600 S on the eastside of the freeway will reduce peak

flows for smaller storm events. It is estimated that a 2-acre foot detention pond can be placed

here.

3.3.1.2 FLOOD ZONE 2: FIDDLERS CANYON AREA

The recommendations for the Fiddlers Canyon areaare based on minimizing the street flow during the 100-

year storm event. It was noticed that streets have a large capacity due to the steep slopes in the area;

however, the waters momentum made thewater prone to overtopping the curb and gutter. The

recommendationswere provided under the assumption that Nichols Canyon Wash has adequate capacity.

13 Increase the Capacity of the Mill Hollow Detention Pond

�x The Mill Hollow Detention Pond has a 5 AF capacity and captures surface runoff from the Eastern

portion of Fiddlers Canyon. The basin has a30” HDPE outlet pipe that routes detained water from

the pond and discharges it into the north Flood Control Channel. Additionally, there are catch

basins along Fiddlers Canyon Road and Nichols Canyon Road that feed into this section of pipe.

The pipe is at capacity from the detention pond outflows. Adding a secondary 36” HDPE pipe

along Cliffrose Drive to provide additional capacity and an emergency overflow for the basin

would benefit Fiddlers Canyon by providing added flood protection and additional capacity for

street flows.
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�x The existing 30” HDPE pipe and the proposed 36” HDPE pipewould then merge into a single 42”

HDPE pipe, or the 36” HDPE pipe could run parallel to the existing 30” HDPE pipe and discharge

at the same location. Although this is a conservative design, it would be beneficial to capture as

much street flow as close to the source as possible due to the low-profile curbs in the area. Surface

water routing is also more difficult in the Southwestern portion of Fiddlers Canyon.

14 Install Detention Basinon the North Side of Glen Canyon Dr.

�x Install detention basin to dampen flows exiting drainage basin.

15 Increase Conveyance from N Airport Rd. to N Westview Dr.

�x Increase the drainage to be a 10’ x 6’ channelfrom N Airport Rd to N Westview Dr. This is the

main drainage for historic Cedar City.

16 Increase Conveyance from Coal Creek Rd. to N Westview Dr.

�x Increase the drainage to be a 10’ x 6’ channelfrom Coal Creek Rd to N Westview Dr.

17 Install a 36”Storm DrainPipe Along Cottontail Drive.

�x Currently, the majority of water from Fiddlers Canyon that is not captured in the northeast flows

down Fiddlers Canyon Road to Canyon Commercial Avenue and collects at the intersection of

Canyon Commercial Avenue and Main Street. This intersection is a low spot. At this intersection,

water is collected from Main Street in both directions and water conveyed in the street also collects

from a large portion of Fiddlers Canyon. Floods historically damage property and roads along

Fiddlers Canyon Road, Canyon Commercial Avenue, and W 1725 N which is directly across Main

Street. Flood risk could be mitigated, and the volume of water conveyed in the street could be

reduced if a 36” HDPE pipe was installed along Cottontail Drive with curb inlets. Furthermore,

there is currently no stormwater pipe or any catch basins at the intersection of Nichols Canyon

Road and Cottontail Drive. This recommendation would reduce local street flows and loading

downstream by routing surface water into thecreek closer to its source.

18 Improve Conveyance on 400 W from 1925 N to 2400 N.

�x Construct a 72” Storm Drain along 400 W from 1925 N to 2400 N. This is the main drainage point

for the Fiddlers Canyon area.

19 Install a 30”Storm DrainPipe Along Cobblecreek Drive

�x The central portion of Fiddlers Canyon primarily conveys water in the street; however, these

surface flows cause flooding downstream. To alleviate the stress on the southwest infrastructure

near Canyon View Highschool, it would be beneficial to collect and route this water closer to the

source. Cobblecreek Drive provides an opportunity to capture and route a large portion of these

flows.

�x As an alternative, water from the north that travels south down Wedgewood Lane and Main Street

could be routed into a detention basin. This would dampen the peak flows, and reduce street
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flows, provide an opportunity for groundwater recharge, reduce the load on downstream

infrastructure, which would ultimately provide local flood protection.

20 Install a 10 AF Detention Basin on the South Side of Fiddlers Canyon

�x There is currently a 50 AF flood controldike to the north of this location on the south side of

Fiddlers Canyon Road; however, there is a different watershed that skirts to the south around the

existing infrastructure. The watershed characteristics are different in this basin due to different

land cover; therefore, the curve number is lower than the neighboring subbasin. To capture and

detain the runoff coming from this watershed,it is recommended to install a detention basin south

of Fiddlers Canyon Road near 1935 N. This basin would provide flood protection and prevent

debris and runoff from sheeting onto Fiddlers Canyon Road. Additionally, this basin would provide

the opportunity to detain street flows coming down Fiddlers Canyon Road, which would ultimately

increase surface water control anddampen peak flows.

�x Install a 30” storm drain pipe with curb inlets along Fiddlers Canyon Road to the proposed

detention basin beginning at the intersection of 2015 N.

�x Installing an 18” orifice that will feed into a proposed 36”storm drain pipe along Fiddlers Canyon

Road. It is also recommended to install an emergency overflow as a backup safety measure. This

proposed 36” line will convey the detention pond outflow and will also capture the street flows

running south on Wedgewood Lane and Main Street. Toaccount for this additional flow, it is

recommends upsizing the existing 30” RCP/HDPE sections of pipe along 1925 N to 48” HDPE pipe.

�x Finally, at the intersection of 1925 N and 400 W where the proposed 48” HDPE, existing 36” RCP

pipe, and existing 18” RCP pipe converge and cross I-15,it is recommends increasing the capacity

of the existing 42” RCP and 53” x 34” RCP sections since flowswill be higher due to more water

being routed via pipe.

21 Reduce Street Flows Along Wedgewood Lane and Wagon Trail Drive

�x To reduce street flows during high intensity storms and to reduce the risk of flooding and property

damage, it is recommended to install a 30” HDPE pipe with curb inlets along Wagon Trail Drive

and Wedgewood Lane that ties into the proposed 36” HDPE pipe.

22 Increase Conveyance from Minersville Hwy to Bulldog Rd.

�x Construct a 42” storm drain pipe through field edges from Minersville Hwy to Bulldog Rd.

23 Increase Conveyance Capacity onSunbow St.

�x Install a 36” storm drain pipeon Sunbow Stfrom Main St. to Northfield Rd.

24 Increase Conveyance Capacity on Northfield Rd

�x Install a 36” storm drain pipe on Northfield Rd from Bramblewood Dr to Sunbow St.Install a 54”

storm drain pipe on Northfield Rd from Sunbow St to 400 W.

25 Increase Conveyance Capacity on 1925 N
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�x Install a 36” storm drain pipe on 1925 N from the proposed improvement 20 to MainSt. Install a

48” storm drain pipe on 1925 N from Main St. to400 W.

3.3.1.3 FLOOD ZONE 3: CROSS HOLLOW AREA

26 Install a 5AF Detention Basin

�x This recommendationhelps reduce peak flows and thus decreases the load the cross hollow pipe

network is currently experiencing. This also reduces the load the Quichapa channel isneeding to

route.

27 Install an 8AF Detention Basin

�x Similar to the lower basin this recommendation helps reduce peak flows and thus decreases the

load the cross hollow pipe network is currently experiencing. This also reduces the load the

Quichapa channel isneeding to route. The upper basin minimizes the area needed for the lower

basin.

28 Install a36” HDPE Trunkline Along Cody Drive with Sidewalk and Curb and Gutter.

�x To capture flow routed down Cody Dr. prior to entering the proposed detention pond, it is

recommended installing a 36” HDPE trunkline along Cody Drive.

�x In addition, it is recommended to install sidewalk and curb and gutter along Cody Drive. This will

more effectively collect and route the runoff into the proposed trunkline. Rather than conveying

the stormwater in the channels along Cody Drive, it is also recommended that the existing pipes

that discharge into these channels be tied into the proposed trunk line. This will avoid the historical

scouring and flooding that has occurred by routing the water via pipe instead. This trunkline will

discharge into the proposedlower Cody Dr.detention basin.

29 Increase the Capacityalong Cross Hollow Road.

�x Construct a 24” pipe on Cross Hollow Rd from Cody Dr to 100 S. Construct a 42” pipe from 100 S

to 25 N. Construct a 48” pipe from 25 N. to Highway 56.

�x The existingtrunk line reduces down to a 36” HDPE pipe section, which then increases back to 48”

RCP pipe. This creates a bottleneck and reduces the overall flow capacity of the trunk line.It is

recommended to replace the 36” pipe to a 48” pipe.

30 Increase the Size of the Cody Drive GreenbeltDetention Basin.

�x Historically, this detention basin has overtopped. To mitigate the risk of future overtopping,it is

recommended to increase the size of thedetention basin.This plan recommends adding 5’ depth

to the top of the existing dike.

31 ConveyanceDitch Along the Hill that Flows into the Glen Canyon Development.

�x The Glen Canyon Development is primarily served by a 36” HDPE pipe that flows into an existing

catchment. Since slopes are minimal along Glen Canyon Road, it would be beneficial to cut a ditch
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along the hill that flows into this region. The hill encompasses an approximately 114-acre

watershed that flows due west, directly into the residential community. To mitigate the risk of

property damage, flooding, and overloading the 36” HDPE pipe, a ditch would catch the sheet

flows coming off the hill and could route it into the existing detention pond. This recommendation

is provided with the assumption that the existing catchment can handle the flows coming from

this ditch. If the catchment is currently undersized for this recommended improvement, it would

also berecommended to increase the capacity of the existing basin.

32 Increase the Capacity of the Cross Hollow Detention Basin Inlet.

�x Increase the inlet of the cross hollow basin to be a 10’ x 8’ box culvert.

3.3.1.4 FLOOD ZONE 4: CEDAR CITY RURAL

33 Increase Conveyance Parallel to Railroad

�x Construct a 10’ x 6’ channel following the railroad as it travels to the Northwest.

34 Increase Conveyance in South Cedar City to Quichapa

�x Construct a 10’ x 6’ on the southern side of Cedar City flowing that flows to Quichapa.

35 Increase Conveyance on Eagle Ridge Dr.

�x Construct a 36” storm drain pipe alongEagle Ridge Dr.

36 Increase Conveyance on S Cross Hollow Dr.

�x Construct a 36” storm drain pipe alongS Cross Hollow Dr.

37 Increase Conveyance from Panorama Dr to Westview Dr.

�x Construct a 36” storm drain pipefrom Panorama Dr to Westview Dr.

38 Improve Conveyance from Sage Dr. to Westview Dr.

�x Construct a 10’ x 6’ channel that collects stormwater from Eagle Ridge, S Cross Hollow, and

Panorama. Channel will go from Sage Dr. to Westview Dr.

39 Improve Conveyance from 2700 S to 6300 W

�x Construct a 10’ x 6’ channel that collects stormwater from the Southern side of Cedar City.

40 Quichapa Drainage from 200 N to 6300 W

�x Widen the existing drainage going to Quichapa. Construct the channel to be a20’ x 10’ channel.

This channel will drain the historic and cross hollow areas of Cedar City.

41 Increase Conveyance along Westview Dr.

�x Construct a 36” storm drain pipealong Westview Dr.
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42 Increase Conveyance from 3100 W to 4700 W along Railroad

�x Construct a24” storm drain pipe that successively increases to a 36” pipe along the railroad from

3100 W to 4700W.

43 Increase Conveyance from 3100 W to 4700 W along 600 N

�x Construct a 24” storm drain pipe that successively increases to a 36” pipe along 600 N from 3100

W to 4700W.

44 Increase Conveyance along 1200 N from 3100 W to the Railroad

�x Construct a 42” storm drain pipe along 1200 N from 3100 W to the railroad.

45 Increase Conveyance along 2000 N from Baver Rd to the Railroad

�x Construct a 42” storm drain pipe along2000 N from Baver Rdto the railroad.

46 Increase Conveyance along 2800 N from 3100 W to the Railroad

�x Construct a 42” storm drain pipe along 2800 N from 3100 W to the railroad.

47 Improve Conveyance from 2400 N to 4800 N

�x Construct a 10’ x 6’ channel that collectsstormwater from the northern side of Cedar City.

48 Increase Conveyance from Coal Creek Rd. to N Westview Dr.

�x Improve existing drainage channel to be 20’ x 10’ channel. Channel extends from Coal Creek Rd.

to N Westview Dr.

49 Install Detention Basin

�x Install detention basin to dampen flows exiting drainage basin.

3.4 MAINTENANCE & MISCELLANEOUS IMPROVEMENTS

There are several improvements and practices that will enhance the ability forCedar Cityto manage

stormwater runoff. These improvements include both structural and non-structural items.They are:

�x Reshape Existing Roads: Some of the roads inCedar City lack the ideal 2% cross slope.Without a

proper crown in the roadway, the ability of the roadway to convey stormwater and drain properly is

diminished. It is recommended that as roadways are resurfaced, care be taken to ensure that the

proper cross slope is established.

�x Install Curb and Gutter: Many of the streets in Cedar Citydo not have complete curb and gutter

systems which control runoff from the street.The City should pave these roads whenever possible and

require curb and gutter on all future street improvements.

�x Complete Regular Street Sweeping: A comprehensive street sweeping and cleanup program should

be developed to remove sediment and trash from thestreets and gutters so debris is not washed to
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downstream storm drain control facilities.It is anticipated that this simple maintenance procedure will

greatly reduce future costs for maintenance of the storm drain system.

�x Complete Regular Facility Cleaning: A comprehensive facility maintenance program should be

established to clean inlet boxes, manholes, pipe systems,and any future pollution control structures.

Regular maintenance will ensure the proper functionality of these structures, prolong life expectancy

and reduce future maintenance costs.

�x Ensure Proper Grate Orientation: Ensure that the catch basins in theCedar City storm drain system

that are fitted with directional grates have the directional grates installed in the correct orientation to

function at maximum efficiency.Maintenance of the storm drain system should include a procedure

to ensure that the grates on every catch basin are oriented properly.

�x Establish Standard Maintenance Program: It is recommended that the City develop a regular storm

drain system maintenance program with proper tracking and record keeping.This process is most

easily accomplished using current computer technology including mapping and record keeping

software. Implementing such a system will allow the City to maintain the storm drain system at the

highest level of efficiency.

�x Maintain a Current System Map: It is strongly recommended that Cedar City maintain a thorough

storm drain system map.Modern computer technology makes this task relatively simple and having

the map will significantly reduce storm drain system maintenance costs. If possible, this map should

include sizes, materials, and slopes of existing improvements.

3.5 WATER QUALITY IMPROVEMENT MEASURES

One of the primary goals of a stormwatermanagement plan is to enhance the quality of water discharged to

downstream stormwater conveyance facilities.Runoff generated from urban and suburban areas often

contains pollutants such as sediments, road salts, oils, greases, solvents, pesticides, fertilizers, detergents,

trash and many other forms of pollutants which may be discharged to downstream rivers and lakes.The

Environmental Protection Agency (EPA) requires that these pollutants be controlled,mitigated, and otherwise

eliminated before they aredischarged.

The first line of defense against pollution discharges are detention basin facilities installed near low segments

of storm drain systems.Detention basins control peak flows that would otherwise be routed directly to

receiving discharge facilities.As stormwater runoff is held in the detention basin, flow velocity of the water is

minimized and many of the suspended pollutants are able to settle out.Some of the pollutants are broken

down organically while the physical debris, such as trash andsediment, can be manually cleaned from the

detention basin and disposed of properly.This study recommends installation of local detention basin

facilities in future developments in the City. These would be implemented by individual developers.

The second line of defense against pollution discharges are Best Management Practice (BMP) improvements

such as oil and grease separation structures, vegetated outlet channels, and storm drain inlet filters.These

improvements are designed to remove oils, greases,excess sediments, debris, and other similar materials

from stormwater before it is discharged to downstream receiving facilities. It is recommended that

improvements of this type be installed on all future major storm drain lines to ensure that these pollutant
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types are removed from stormwater before it is discharged from the storm drain system into the

downstream rivers and lakes. It should be noted that these facilities require regular maintenance.If not

cleaned and maintained properly, these devices cease to function, and no pollutants are removed from the

discharge flows.
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SECTION 4 | COST ESTIMATES

Cedar City Stormwater Master Plan 1-Nov-22

Cedar City NCW

1  $              290,000.00
2  $            1,407,400.00
3  $               818,800.00
4  $            1,930,100.00
5  $              485,500.00
6  $            1,385,300.00
7  $               310,300.00
8  $            1,245,000.00
9  $              350,300.00
10  $              767,300.00
11  $                76,000.00
12  $              341,300.00
13  $              770,000.00
14  $              962,300.00
15  $               810,000.00
16  $            1,270,000.00
17  $              694,700.00
18  $            4,144,500.00
19  $                811,100.00
20  $              864,600.00
21  $              754,500.00
22  $           2,384,500.00
23  $              662,000.00
24  $               821,000.00
25  $            1,927,500.00
26  $              900,000.00
27  $              824,000.00
28  $            1,530,800.00
29  $           3,074,600.00
30  $              495,400.00
31  $              270,000.00
32  $            1,033,800.00
33  $           2,070,000.00
34  $            1,500,000.00
35  $               616,800.00
36  $               721,000.00
37  $              376,000.00
38  $            1,120,000.00
39  $           3,999,000.00
40  $           5,867,300.00
41  $            1,049,300.00
42  $           2,375,500.00
43  $           2,248,000.00
44  $           5,044,500.00
45  $           8,864,500.00
46  $           8,668,800.00
47  $           3,435,000.00
48  $           6,960,300.00
49  $              824,000.00

 $         90,152,600.00

Engineer's Opinion of Probable Cost

NO. DESCRIPTION EST. QTY UNIT UNIT PRICE AMOUNT

Add Curb & Gutter on 275 N

Improve Conveyance Along 1275 W.
Create Conveyance on the East Side of I-15 at the Crossing of University Blvd
Increase Conveyance Along the West Side of I-15 South of University Blvd.
Increase Conveyance in Ditch leading to Tagg N Go car wash
Increase Conveyance Along 1000 W to 1025 W to Thunderbird Way
Increase Conveyance Along 800 W from 400 S to 200 N
Increase conveyance Along Harding Avenue
Increase Conveyance along 1100 W from 800 S to 425 S to 1275 W
Increase Conveyance along 400 N from 1000 W to I-15
Increase the conveyance on Sunrise Ave

In providingopinionsof probableconstructioncost,the Clientunderstandsthat the Engineerhasno controlovercostsor the priceof labor,equipmentor materials,or overthe Contractor’smethodof
pricing,andthat the opinionof probableconstructioncostprovidedhereinismadeon the basisof the Engineer’squalificationsandexperience.TheEngineermakesno warranty,expressedor implied,
as to the accuracy of such opinions compared to bid or actual costs.

Conveyance Ditch Along the Hill that Flows into the Glen Canyon Development
Increase the Capacity of the Cross Hollow Detention Basin Inlet
Increase Conveyance Parallel to Railroad
Increase Conveyance in South Cedar City to Quichapa

Increase Conveyance from Coal Creek Rd. to N Westview Dr.

Install a 36” Storm Drain Pipe Along Cottontail Drive

Install an 8AF Detention Basin

Increase the Size of the Cody Drive Greenbelt Detention Basin

Improve Conveyance on 400 W from 1925 N to 2400 N
Install a 30” Storm Drain Pipe Along Cobblecreek Drive
Install a 10 AF Detention Basin on the South Side of Fiddlers Canyon
Reduce Street Flows Along Wedgewood Lane and Wagon Trail Drive
Increase Conveyance from Minersville Hwy to Bulldog Rd.
Increase Conveyance Capacity on Sunbow St
Increase Conveyance Capacity on Northfield Rd
Increase Conveyance Capacity on 1925 N
Install a 5AF Detention Basin

Install a 36” HDPE Trunkline Along Cody Drive with Sidewalk and Curb and Gutter

2 AF Detention Basin
Increase the Capacity of the Mill Hollow Detention Pond
Install Detention off on Glen Canyon Dr.
Increase Conveyance from N Airport Rd. to N Westview Dr.
Increase Conveyance from Coal Creek Rd. to N Westview Dr.

Increase the Capacity along Cross Hollow Road

TOTAL COST

Improve Conveyance from 2700 S to 6300 W
Quichapa Drainage from 200 N to 6300 W
Increase Conveyance along Westview Dr.
Increase Conveyance from 3100 W to 4700 W along Railroad

Improve Conveyance from 2400 N to 4800 N

Install Detention Basin North of Fiddlers Canyon

Increase Conveyance on Eagle Ridge Dr
Increase Conveyance on S Cross Hollow Dr
Increase Conveyance from Panorama Dr to Westview Dr.
Improve Conveyance From Sage Dr. to Westview Dr.

Increase Conveyance from 3100 W to 4700 W along 600 N
Increase Conveyance along 1200 N from 3100 W to the Railroad
Increase Conveyance along 2000 N from Baver Rd to the Railroad
Increase Conveyance along 2800 N from 3100 W to the Railroad
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���� ������ ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���L�Q���'�L�W�F�K���O�H�D�G�L�Q�J���W�R���7�D�J�J���1���*�R���F�D�U���Z�D�V�K ������������������������������������������������������
���� ������ ������ �,�Q�F�U�H�D�V�H���W�K�H���&�D�S�D�F�L�W�\���R�I���W�K�H���&�U�R�V�V���+�R�O�O�R�Z���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q���,�Q�O�H�W������������������������������������������������������
���� ������ ���� �&�U�H�D�W�H���&�R�Q�Y�H�\�D�Q�F�H���R�Q���W�K�H���(�D�V�W���6�L�G�H���R�I���,���������D�W���W�K�H���&�U�R�V�V�L�Q�J���R�I���8�Q�L�Y�H�U�V�L�W�\���%�O�Y�G������������������������������������������������������
���� ������ ������ �,�Q�V�W�D�O�O���D�������µ���+�'�3�(���7�U�X�Q�N�O�L�Q�H���$�O�R�Q�J���&�R�G�\���'�U�L�Y�H���Z�L�W�K���6�L�G�H�Z�D�O�N���D�Q�G���&�X�U�E���D�Q�G���*�X�W�W�H�U������������������������������������������������������
���� ������ ������ �,�P�S�U�R�Y�H���&�R�Q�Y�H�\�D�Q�F�H���R�Q�����������:���I�U�R�P�������������1���W�R�������������1 ������������������������������������������������������
���� ������ ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���&�D�S�D�F�L�W�\���R�Q�������������1 ������������������������������������������������������
���� ������ ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���&�D�S�D�F�L�W�\���R�Q���6�X�Q�E�R�Z���6�W ������������������������������������������������������
���� ������ ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���&�D�S�D�F�L�W�\���R�Q���1�R�U�W�K�I�L�H�O�G���5�G ��������������������������������������������������������
���� ������ ������ �,�Q�F�U�H�D�V�H���W�K�H���F�R�Q�Y�H�\�D�Q�F�H���R�Q���6�X�Q�U�L�V�H���$�Y�H ������������������������������������������������������
������ ������ ������ �$�G�G���&�X�U�E���	���*�X�W�W�H�U���R�Q�����������1 ��������������������������������������������������������
������ ������ ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���$�O�R�Q�J�����������:���I�U�R�P�����������6���W�R�����������1 ������������������������������������������������������
������ ������ ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���$�O�R�Q�J���W�K�H���:�H�V�W���6�L�G�H���R�I���,���������6�R�X�W�K���R�I���8�Q�L�Y�H�U�V�L�W�\���%�O�Y�G����������������������������������������������������������
������ ������ ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P���1���$�L�U�S�R�U�W���5�G�����W�R���1���:�H�V�W�Y�L�H�Z���'�U����������������������������������������������������������
������ ������ ���� �,�P�S�U�R�Y�H���&�R�Q�Y�H�\�D�Q�F�H���$�O�R�Q�J�������������:�� ������������������������������������������������������
������ ������ ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J�������������:���I�U�R�P�����������6���W�R�����������6���W�R�������������:������������������������������������������������������
������ ������ ������ �,�Q�V�W�D�O�O���D�������µ���6�W�R�U�P���'�U�D�L�Q���3�L�S�H���$�O�R�Q�J���&�R�W�W�R�Q�W�D�L�O���'�U�L�Y�H ������������������������������������������������������
������ �������� ������ �,�Q�F�U�H�D�V�H���W�K�H���&�D�S�D�F�L�W�\���R�I���W�K�H���0�L�O�O���+�R�O�O�R�Z���'�H�W�H�Q�W�L�R�Q���3�R�Q�G������������������������������������������������������
������ �������� ������ �,�Q�V�W�D�O�O���D�����$�)���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q ������������������������������������������������������
������ �������� ������ �,�Q�F�U�H�D�V�H���W�K�H���6�L�]�H���R�I���W�K�H���&�R�G�\���'�U�L�Y�H���*�U�H�H�Q�E�H�O�W���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q������������������������������������������������������
������ �������� ������ �,�Q�F�U�H�D�V�H���W�K�H���&�D�S�D�F�L�W�\���D�O�R�Q�J���&�U�R�V�V���+�R�O�O�R�Z���5�R�D�G ����������������������������������������������������
������ �������� ������ �,�Q�V�W�D�O�O���'�H�W�H�Q�W�L�R�Q���R�I�I���R�Q���*�O�H�Q���&�D�Q�\�R�Q���'�U�� ������������������������������������������������������
������ �������� ������ �,�Q�V�W�D�O�O���D�Q�����$�)���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q ������������������������������������������������������
������ �������� ������ �,�Q�V�W�D�O�O���D�������µ���6�W�R�U�P���'�U�D�L�Q���3�L�S�H���$�O�R�Q�J���&�R�E�E�O�H�F�U�H�H�N���'�U�L�Y�H ����������������������������������������������������������
������ �������� ������ �&�R�Q�Y�H�\�D�Q�F�H���'�L�W�F�K���$�O�R�Q�J���W�K�H���+�L�O�O���W�K�D�W���)�O�R�Z�V���L�Q�W�R���W�K�H���*�O�H�Q���&�D�Q�\�R�Q���'�H�Y�H�O�R�S�P�H�Q�W������������������������������������������������������
������ �������� ������ �5�H�G�X�F�H���6�W�U�H�H�W���)�O�R�Z�V���$�O�R�Q�J���:�H�G�J�H�Z�R�R�G���/�D�Q�H���D�Q�G���:�D�J�R�Q���7�U�D�L�O���'�U�L�Y�H��������������������������������������������������������
������ �������� ������ �4�X�L�F�K�D�S�D���'�U�D�L�Q�D�J�H���I�U�R�P�����������1���W�R�������������: ����������������������������������������������������
������ ���������� ������ �,�P�S�U�R�Y�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P�������������1���W�R�������������1 ����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P���&�R�D�O���&�U�H�H�N���5�G�����W�R���1���:�H�V�W�Y�L�H�Z���'�U������������������������������������������������������
������ ���������� ������ �,�Q�V�W�D�O�O���D���������$�)���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q���R�Q���W�K�H���6�R�X�W�K���6�L�G�H���R�I���)�L�G�G�O�H�U�V���&�D�Q�\�R�Q������������������������������������������������������
������ ���������� ���� �,�Q�F�U�H�D�V�H���F�R�Q�Y�H�\�D�Q�F�H���$�O�R�Q�J���+�D�U�G�L�Q�J���$�Y�H�Q�X�H ��������������������������������������������������������
������ ���������� ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J�����������1���I�U�R�P�������������:���W�R���,������ ������������������������������������������������������
������ ���������� ���� �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���$�O�R�Q�J�������������:���W�R�������������:���W�R���7�K�X�Q�G�H�U�E�L�U�G���:�D�\������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���R�Q���(�D�J�O�H���5�L�G�J�H���'�U ��������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���R�Q���6���&�U�R�V�V���+�R�O�O�R�Z���'�U ��������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P���3�D�Q�R�U�D�P�D���'�U���W�R���:�H�V�W�Y�L�H�Z���'�U��������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J���:�H�V�W�Y�L�H�Z���'�U�� ������������������������������������������������������
������ ���������� ������ �����$�)���'�H�W�H�Q�W�L�R�Q���%�D�V�L�Q ������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P���0�L�Q�H�U�V�Y�L�O�O�H���+�Z�\���W�R���%�X�O�O�G�R�J���5�G������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P���&�R�D�O���&�U�H�H�N���5�G�����W�R���1���:�H�V�W�Y�L�H�Z���'�U��������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P�������������:���W�R�������������:���D�O�R�Q�J���5�D�L�O�U�R�D�G����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P�������������:���W�R�������������:���D�O�R�Q�J�����������1 ����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���3�D�U�D�O�O�H�O���W�R���5�D�L�O�U�R�D�G ����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J�������������1���I�U�R�P�������������:���W�R���W�K�H���5�D�L�O�U�R�D�G����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J�������������1���I�U�R�P���%�D�Y�H�U���5�G���W�R���W�K�H���5�D�L�O�U�R�D�G����������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���D�O�R�Q�J�������������1���I�U�R�P�������������:���W�R���W�K�H���5�D�L�O�U�R�D�G����������������������������������������������������
������ ���������� ������ �,�P�S�U�R�Y�H���&�R�Q�Y�H�\�D�Q�F�H���I�U�R�P�������������6���W�R�������������: ����������������������������������������������������
������ ���������� ������ �,�P�S�U�R�Y�H���&�R�Q�Y�H�\�D�Q�F�H���)�U�R�P���6�D�J�H���'�U�����W�R���:�H�V�W�Y�L�H�Z���'�U�� ������������������������������������������������������
������ ���������� ������ �,�Q�F�U�H�D�V�H���&�R�Q�Y�H�\�D�Q�F�H���L�Q���6�R�X�W�K���&�H�G�D�U���&�L�W�\���W�R���4�X�L�F�K�D�S�D������������������������������������������������������
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Figure II.C.1

EXISTING DRAINAGE BASINS
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