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EXECUTIVE SUMMARY 

 
BACKGROUND 

Murray City is located in the central region of Salt Lake County near the intersection of 
Interstate Highway 15 and Interstate Highway 215. Murray City has expanded a number of 
times over the past 100 years. Murray City has experienced development and existing storm 
drainage system changes since the last comprehensive storm drainage master plan was 
completed in April 2011. Murray city therefore requested that Hansen, Allen, & Luce, Inc. (HAL) 
provide an update to the master plan. 
 
Murray City covers about 7,800 acres and has an elevation change of approximately 230 feet 
from 4,232 to 4,462 above mean sea level. The natural drainages of the study area are the 
Jordan River, Little Cottonwood Creek, and Big Cottonwood Creek (Figure EX-1). Both of the 
Cottonwood Creeks flow northwest and join the Jordan River in the northwest region of the City. 
The Jordan River flows north along the west side of Murray City. The East Jordan Canal and 
Jordan and Salt Lake Canal cut across the southeast corner of the City and flow to the 
northeast. 
 
Storm water runoff is a difficult resource to manage. Unlike sanitary sewers and culinary water 
systems, there are no clearly defined minimum service requirements for storm water systems. 
Storm water flows are dependent on many complex time and spatially varied factors. Even a 
natural undeveloped drainage system is not static. Streams can erode in one section while 
depositing in another. Stream courses can also change alignment and cross section 
dramatically with just one storm runoff event. Urbanization compounds the problem and creates 
a need for a drainage system with the basic goals of managing nuisance water, protecting 
development from damage, and protecting downstream waters from adverse quality and 
quantity impacts.  By maintaining a storm drainage master plan, Murray City is better prepared 
to manage their systems from an infrastructure aspect and a financial aspect required to 
maintain a complete system. 
 
In addition, Murray City is included in the Authorization to Discharge Municipal Storm Water 
under Permit No. UTS000001 as managed under the Utah Pollutant Discharge Elimination 
System (UPDES).  A new permit is under review by the state and the City has reviewed the new 
permit in anticipation that it may become official and has the desire to be proactive to meet the 
requirements. 
 
PURPOSE 

   
 

1. Provide a storm water runoff model which predicts how the storm drainage system 
responds to design storm runoff events. 

2. Identify and describe system deficiencies. 
3. Identify alternative mitigation measures to control flooding during design storm runoff 

events. 
4. Provide a capital improvement plan implementing the preferred drainage solutions. 
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CRITERIA 

The initial system is designed to convey flows generated by a minor storm.  A minor storm is 
generally considered to have a 10-year recurrence interval (a 10% chance of occurrence).  The 
storm drain pipes are typically considered a part of the initial system.  The major system, which 
includes additional conveyance infrastructure such as channelized surface flow (roads, etc.), 
should generally be designed to convey storm runoff generated by a 100-year event (a 1% 
chance of occurrence) to protect homes from flooding. 
 
METHOD 

A storm water runoff model is used to simulate a rainstorm event over the city and predict the 
peak flow at specified locations.  The predicted flows are then used to evaluate the ability of the 
storm water system to convey the storm water safely without damaging infrastructure or causing 
unsafe conditions.  GIS database and knowledge of the storm drain system 
(detention facilities, pipe type, size, age, and slope), the capacity and condition of the system is 
evaluated and compared to the predicted flows from the model to identify any deficiencies in the 
system.  Deficiency and alternatives workshops were conducted with City staff to define 
problems and preferred improvement alternatives. 
 
RECOMMENDED IMPROVEMENT PROJECTS 

A compiled list of the recommended projects is provided in Table EX-1 locations proposed 
potential solutions to resolve the deficiencies.  The project locations are shown on Figure EX-2 
and the details are provided in the following table where the priority column identifies the time 
frame in which a project is expected to be completed as follows: A, 0 to 5 years; B, 5 to 10 
years; C, beyond 10 years. 
 

Table EX-1 
Capital Improvement Plan 

 

Project 
ID 

Priority 
Deficiency 

ID 
Location 

Total 
Cost 

P1 A D13 
Labrum Ave to 725 E, 725 E from Labrum Ave 
to 5900 S, and 5900 S from 725 E to Little 
Cottonwood Creek 

$2,227,000 

P2 A D23, D49 
Walden Meadows Dr from 950 W to the Jordan 
River 

$628,000 

P3 A D23, D49 
Clover Meadow Dr to 5400 S and along 5400 S 
to 1020 W 

$722,000 

P4 A D45, D46 
Vine Street from Rodeo Ln to Little Cottonwood 
Creek  

$500,000 

P5 A D21 Anderson Ave from Sanford Dr to Green St $177,000 

P6 A D37 
Storage lot at the intersection of Cherry St and 
Jensen Ln 

$252,000 

P7 B D2, D3 6400 S from 1865 E to 1300 E $1,292,000 

P8a B D11 900 E and Woodoak Ln from 5700 S to 820 E $1,563,000 

P8b B D11 5600 S and 1080 E from 5730 S to 900 E $769,000 
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Project 
ID 

Priority 
Deficiency 

ID 
Location 

Total 
Cost 

P9 B D17 
5770 S from Wood Cir to State St, Lindon St 
from Lindon Way to 5770 S, Wood Cir, Hansen 
Cir, and Butler Cir 

$875,000 

P10a B 
D18, D19, 

D20 
From the south end of Riley Ln to 300 W, then 
south to approximately 5750 S 

$661,000 

P10b B D18 5750 S from Nena Way to Utahna Dr $442,000 

P11 B D51 
Northwest corner of Spring Clover Dr through 
the residential lots to the bottom of Germaine 
Ave 

$339,000 

P12 B D50 
Vine St from 350 W to Commerce Dr and 
Commerce Dr from Vine St to the outfall to the 
Little Cottonwood Creek 

$718,000 

P13 B D26 The southern leg of Woodrow St to Hillcrest Dr $174,000 

P14 B D33, D34 Main St from 4500 S to Big Cottonwood Creek $1,023,000 

P15 B D33 
Brown St from McHenry St to Rainbow Dr, 
Rainbow Dr, McHenry, and 4675 S from State 
St to Brown St 

$446,000 

P16 B D52 
Murray Parkway Golf Course along Winchester from 
700 West to about 1040 West and then North West 
through the Golf Course to the Jordan River 

$2,068,000 

P17 C D5 
West Side of Van Winkle from end of Fontaine 
Bleu to 5600 S 

$321,000 

P18 C 
D6, D7, D8, 

D9 
East Side of Van Winkle from 5600 S to 900E $5,981,000 

P19 C 
D6, D7, D8, 

D9 
From 
and to project 3 at approximately 5465 S 

$1,096,000 

P20 C D9 
Pipe paralleling El Sendero from 1300 E to 
open channel 

$594,000 

P21 C D29 
Box Elder St and Alignment for the Downtown 
Redevelopment 

$432,000 

P22 C D35 
200 W from 4800 S to 4500 Frontage Rd and 
4500 Frontage Rd from 200 W to 260 W 

$964,000 

P23 C D33, D34 
4500 Frontage Rd from 160 W to Main St, 160 
W from 4630 S to 4500 Frontage Rd and Box 
Elder St from Miller St to 4500 S 

$1,434,000 

P24 C D33, D34 Auto Blvd from 4600 S to 4500 S $382,000 

P25 C D30 
Center St from Division Ln to 4800 S and 4800 
S from Center to Little Green 

$663,000 

P26 C D28 
Glen St from 5000 S to Clark St intersection to 
Little Green 

$266,000 

P27 C D31 
Meadowview Rd, Meadoway St, and Meadow 
Rd to Big Cottonwood Creek 

$418,000 

P28 C D14 
6100 S from just West of Fashion Boulevard  to 
approximately 400 W, along the railroad tracks from 
6100 S to 5850 S 

$5,853,000 

TOTAL  $33,280,000 
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Costs of the recommended projects organized by priority can be seen in Table EX-2. 
 

Table EX-2 
Summary of Capital Improvements by Schedule 

Prioritization Time Frame Preferred Alternative A Total Cost 

A Within 5 years $4,506,000 

B 5-10 years $10,370,000 

C Beyond 10 years $18,404,000 

Total $33,280,000 

 
SUMMARY OF RECOMMENDATIONS 

It is recommended that Murray City: 
 

 Review the new UPDES permit and anticipate potential changes to the Storm Water 
Management Plan to remain in compliance with the future permit. 

 
 Review the "Guide to Low Impact Development within Utah" and implement the LID 

suggestions into City Policy. 
 

 Maintain the current Storm Water Management Plan so it complies with the current 
effective UPDES permit. 

 
 Implement the Capital Improvement Plan presented in Chapter 6. 

 
 Continue to maintain the GIS storm drainage inventory. 

 
 Continue design review and inspection policies that will ensure City design and 

construction standards are achieved. 
 

 Continue to require new developments to reduce runoff to pre-construction levels. 
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CHAPTER 1 - INTRODUCTION 

 
 
This master plan update report addresses existing and future storm drainage needs of Murray 
City. A previous storm drainage master plan update was completed by Hansen, Allen, & Luce, 
Inc. (HAL) in April 2011. This master plan update identifies both deficiencies previously 
identified in the 2011 Master Plan and those due to development since the 2011 Master Plan.  
Preferred solution alternatives are presented with cost estimates and a capital improvements 
plan is developed for the identified projects.  Also included by request of the City are suggested 
locations for potential water quality improvements in the system. 
 

 
 

5. Provide a storm water runoff model which predicts how the storm drainage system 
responds to design storm runoff events. 

6. Identify and describe system deficiencies. 
7. Identify alternative mitigation measures to control flooding during design storm runoff 

events. 
8. Provide a capital improvement plan implementing the preferred drainage solutions. 

 
For the 2011 Master Plan separate storm water models were prepared for eleven major 
drainage basins.  HAL combined those separate storm drainage models of the City into a single 
citywide model for this update. ArcGIS 10.4 Geographic Information System (GIS) by 
Environmental Systems Research Institute (ESRI) was used as a spatial reference tool for 
development of the HEC-HMS models. The models, in conjunction with the GIS data, will help 
the City to continue to update and analyze the system for potential drainage deficiencies and 
facilitate the analysis and design of mitigation measures. 
 
BACKGROUND 

Murray City is located in the central region of Salt Lake County near the intersection of 
Interstate Highway 15 and Interstate Highway 215. Murray City has expanded a number of 
times over the past 100 years. Murray City has experienced development and existing storm 
drainage system changes since the last comprehensive storm drainage master plan was 
completed in April 2011.  
 
Murray City covers about 7,800 acres and has an elevation change of approximately 230 feet 
from 4,232 to 4,462 above mean sea level. The natural drainages of the study area are the 
Jordan River, Little Cottonwood Creek, and Big Cottonwood Creek (Figure 1-1). Both of the 
Cottonwood Creeks flow northwest and join the Jordan River in the northwest region of the City. 
The Jordan River flows north along the west side of Murray City. The East Jordan Canal and 
Jordan and Salt Lake Canal cut across the southeast corner of the City and flow to the 
northeast (Figure 1-1). 
 
Storm water runoff is a difficult resource to manage. Unlike sanitary sewers and culinary water 
systems, there are no clearly defined minimum service requirements for storm water systems. 
Storm water flows are dependent on many complex time and spatially varied factors. Even a 
natural undeveloped drainage system is not static. Streams can erode in one section while 
depositing in another. Stream courses can also change alignment and cross section 
dramatically with just one storm runoff event. Urbanization compounds the problem and creates 
a need for a drainage system with the basic goals of managing nuisance water, protecting 
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development from damage, and protecting downstream waters from adverse quality and 
quantity impacts. 
 
SCOPE 

The scope of this Storm Drainage Master Plan includes the following: 
 

1. Collect and review storm drainage data, including additional drainage studies, 
Geographic Information System (GIS) data, as-built drawings, new developments, and 
any known storm drainage deficiencies from the City. 

2. Update the storm drainage system model by updating areas of the city that have 
experienced development since the previous master plan, update the conveyances to 
reflect recent projects, compile the previous 11 separate models into a single City-wide 
model. 

3. Develop the Capital Improvement Plan (CIP) by determining the design storm, 
applying the model flow results to the GIS inventory data, determining the capacities of 
the inventory conveyances using 
deficiencies in coordination with the City, developing and reviewing projects in 
coordination with the City, and estimating costs for the CIP. 

4. Prepare Master Plan Report. 
5. Complete a  by gathering data including 

master plans, capital improvement plans, billing, and financial data. The required 
revenue will be determined, and a stormwater cost allocation developed for the storm 
water rates. 

 
AUTHORIZATION 

In March 2018, Murray City selected Hansen, Allen & Luce, Inc. (HAL) to assist them in 
updating  Development of the storm 
drainage master plan update was completed under the direction of, and in cooperation with City 
staff. 
 
STUDY AREA 

The complete master plan update study area includes area within Murray City boundaries and 
drainages tributary to areas of the City. The northern boundary of the study area reaches 3900 
South. The southern boundary extends into Midvale City as far as 7200 South (Figure 1-1). The 
western boundary of the study follows a  The eastern 
boundary of the study extends into part of Holladay City as far as Highland Drive and includes 
parts of Salt Lake County in between Murray City and Holladay City. 
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CHAPTER 2 - STORM WATER QUALITY MANAGEMENT 

 
 
STORM WATER MANAGEMENT PLAN REQUIREMENTS 

In compliance with provisions of the Utah Water Quality Act, Title 19, Chapter 5, Utah Code 
Annotated 2004 and the Federal Water Pollution Control Act, Murray City is included in the 
Authorization to Discharge Municipal Storm Water under Permit No. UTS000001 as managed 
under the Utah Pollutant Discharge Elimination System (UPDES). The Permit became effective 
on September 5, 2013 and expired on September 4, 2018 (Utah Division of Water Quality, 
2013). 
 
A new permit is under review by the state.  The City has reviewed the new permit in anticipation 
that it may become official.   
 
The UPDES permit is intended to reduce discharge of pollutants through the storm drainage 
system to the maximum extent possible (MEP). The permit helps cities reduce pollutants by 
requiring a Storm Water Management Plan (SWMP) and offering suggestions of best 
management practices (BMPs).  The minimum control measures required to be addressed in 
the SMMP are: 
 

 Public Education and Outreach on Storm Water Implacts 
 Public Involvement/Participation 
 Illicit Discharge Detection and Elimination (IDDE) 
 Construction Site Storm Water Runoff Control 
 Long-Term Storm Water Management in New Development and Redevelopment (Post-

Construction Storm Water Management 
 Pollution Prevention and Good Housekeeping for Municipal Operations 

 
Murray City has a SWMP in place which addresses these measures. 
 
Also available for public review 
describes low impact development (LID) designs and best management practices, including the 
calculation of the 90th percentile storm event. Although the guide is not yet official, it is 
recommended that the City review and compare City policies with the guide in order to improve 
water quality and promote LID designs. 
 
Expressing their desire to be proactive regarding water quality, the City has requested that HAL 
identify potential sites for water quality improvements if the need arises. 
 
Water Treatment Structures 

Outfall locations on conveyances larger than 18 inches in diameter were identified as potential 
water treatment locations.  The capture of storm water runoff from the 90 percentile rainfall 
event on new development and redevelopment areas is expected to be required in the near 
future.   Where it is infeasible to retain the 90th percentile storm onsite, alternative treatment 
means may be required.  For this master plan, it is assumed that the water treatment structures, 
if used, will treat the storm runoff from the 90th percentile storm.  The 90th percentile storm is 
less than a 2-year 24-hour rainfall depth and is about 0.6 inches of rain in the Salt Lake Valley 
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Locations for potential treatment structures on major outfalls through the City have been 
identified (see Appendix A).  While the treatment locations are not included in the projects in 
Capital Improvement Plan (CIP), they provide the City with knowledge to plan ahead to meet 
potential permit requirements. 
 
The water treatment structures are assumed to consiste of three manholes: 
 

 A Diversion Manhole installed on the trunk line to divert low flows in the trunk line to a 
diversion pipeline ranging between 24 inches in diameter and 36 inches in diameter. 

 A Treatment Manhole similar to the ADS Barracuda Stormwater Separator or the 
Oldcastle Dual-Vortex Separator (DVS).  Cost estimates for the Oldcastle Dual-Vortex 
Separator were used. 

 A Junction Manhole to reintroduce the treated flows back into the trunk line. This 
manhole could be replaced with a new outlet structure if the treatment structures are 
relatively close to the outfall location.  This may be preferable if slopes in the trunk line 
are shallow. 

 
Water treatment structures should be monitored and cleaned quarterly during the first year of 
installation to determine what frequency of cleaning is required to properly maintain the 
structures. 
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CHAPTER 3 - HYDROLOGY 

 
 
This section describes the hydrologic analysis that was performed for the study area, which 
includes a discussion of 1) the frequency and duration of the design storm used in the analysis, 
2) updating and development of drainage basin characteristics, and 3) the methodology and 
process behind the storm drainage models. 
 
DESIGN STORM 

Drainage Design Frequency 

The approach selected by Murray City for determining the drainage design frequency is based 
upon methodology given in the Urban Storm Drainage Criteria Manual (Denver Regional 
Council of Governments, 2001). This manual defines the urban drainage system as follows: 
 

"Every urban area has two separate and distinct drainage systems, whether or not they 
are actually planned for and designed. One is the initial system, and the other is the 
major system. To provide for an orderly urban growth, reduce costs to future 
generations, and obviate loss of life and major property damage, both systems must be 
planned and properly engineered." 

 
The initial storm drainage system, sometimes referred to as the  system  is designed to 

reduce street maintenance costs, to provide protection against regularly recurring damage from 
storm runoff (of a 10-year recurrence interval or less), to help create an orderly urban system, 
and to provide convenience to the urban residents" (Denver Regional Council of Governments, 
2001). Storm sewer systems are generally considered part of the initial storm drainage system. 
In conjunction with the initial storm drainage system, provisions should be made to avoid major 
property damage or loss of life from a major storm runoff event. Such provisions are considered 
to comprise the major storm drainage system. Please refer to Figure 3-1 which identifies the 
initial and major storm drainage systems described in the Urban Storm Drainage Criteria 
Manual. 
 
The major storm drainage system in newly developing urban areas or business districts should 
generally be designed for the 100-year event with the objective to protect edifices (homes, 
buildings, etc.) from flooding. This does not mean that storm sewers (which are considered part 
of the initial storm drainage system) should be designed for the 100-year event. It means that 
the combination of storm sewers and channelized surface flow as part of a 100-year channel 
should be designed to accommodate the 100-year event. There appears to be general 
agreement among most major flood control agencies that in the design of the major storm 
drainage system for urban areas the 1-percent storm (100-year return period) should be used, 
except in the design of water impoundment structures that exceed a specified capacity. Dam 
design should comply with the requirements provided in the State of Utah Statutes and 
Administrative Rules for Dam Safety (UAC, 2018). 
 
After consultation with City officials, the 10-year return period was chosen for determining the 
adequacy of the initial drainage system and this master plan effort focuses on the initial 
drainage system. The design storms were not altered for this master plan update. 
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Design Rainstorm 

In 1999 Salt Lake County contracted with TRC North American Weather Consultants and 
Meteorological Solutions Inc. to complete an updated rainfall intensity duration analysis of Salt 
Lake Valley. -wide, warm season (March 

 October) precipitation, for use in runoff-  The results of the study 

through 24 hours for return periods from 2 years to 100 years (Select maps located in Appendix 
B). A summary of design rainfall depths for various return periods for Murray City are shown on 
Table 3-1. 
 

Table 3-1 
10-Year Return Period Design Rainfall Depths 

Rainfall Depth by Duration 

30-min 1-hour 3-hour 6-hour 

0.72 inches 0.90 inches 1.15 inches 1.45 inches 

 
The storm duration that will produce the highest peak runoff flow rate is dependent on rainfall-
duration relationships, the characteristics of the basin, and upon the level of detention storage. 
Generally speaking, the longer runoff takes to flow through a drainage basin or detention basin, 
the longer the critical storm duration. A duration sensitivity analysis of the hydrologic study area 
was performed in 2011 by successive model runs using 30-minute, 1-hour, 3-hour, and 6-hour 
storm durations. The storm duration producing the largest peak runoff for developed areas 
tributary to detention basins was typically the 1-hour storm.  In some areas downstream from 
detention basins the 6-hour storm produced the largest peak runoff. Therefore, the 1-hour storm 
and 6-hour storms were used as the design storms for the master plan update. 
 
To compute runoff from a given storm, the distribution of the rainfall through time must be 
known. Critical runoff events from urban areas along the Wasatch Front are caused by 
cloudburst type storms, characterized by short periods of high intensity rainfall. During the 
1960s and early 1970s, Dr. Eugene E. Farmer and Dr. Joel E. Fletcher completed a major study 
of the precipitation characteristics for storms in northern Utah. In Davis County, Farmer and 
Fletcher (1971) examined rainfall gage records and classified storms based on whether the 
heaviest rainfall of the storm fell in the first, second, third, or fourth quarter of the storm period. 
Farmer and Fletcher foun
of those storms containing a burst of 5-minute duration, with a 2-year recurrence interval and 92 
percent of storms containing a burst of 10-minute duration, with a 10-year recurrence in  
Farmer and Fletcher developed model storms for first and second quartile storms. The second 
quartile storm distribution produces the higher runoff peaks and is the rainfall distribution used in 
this study for runoff hydrograph calculations. 
 
DRAINAGE BASIN CHARACTERISTICS 

A drainage basin is an area where all rainfall or snowmelt runoff within it will collect to a 
common point. Drainage basins may also be referred to as watersheds or catchments. 
Subbasins are smaller drainage basins located within a larger drainage basin. Subbasin 
boundaries depend upon both the topography and the location of storm drainage facilities. The 
subbasin boundaries delineated for the model are shown on Figure 3-2. 
 
The 2011 subbasin characteristics were developed based on field observations, the 2009 
Murray City aerial photographs, 4-foot elevation contour data, 0.5 meter elevation contour data, 
and soils coverage from the state GIS site which comes from the Natural Resource 
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Conservation Service database (NRCS, 2010). Developed areas were reviewed in this master 
plan update and subbasins were adjusted and added as needed. Modified subbasins are also 
shown on Figure 3-2. Subbasin characteristics included: 
 
 Subbasin area 
 Hydrologic Soil Type 
 Percentage of impervious area 
 SCS curve number 
 Conveyance characteristics 

 
Hydrologic characteristics of each subbasin are given in the model input files provided with this 
report. Subbasin identification numbers are labeled on Figure 3-2, except where labels would 
not fit. Identification numbers can also be seen on the attribute tables of the shapefiles provided 
with this master plan. 
 
Subbasin Area 

Subbasins were updated within the GIS database using topographic mapping and the locations 
of storm drainage facilities. Digital base mapping of the City consists of contours and physical 
features such as property lines and streets. Site visits were made to verify drainage patterns in 
areas where the drainage directions could not be determined using the available mapping. 
Subbasins vary in size depending upon the level of development within the subbasin, the extent 
of storm drainage facilities in the area, and the locations for which hydrographs were needed. 
 
Hydrologic Soil Type 

s infiltration capacity. Soils are assigned a 
hydrologic type of A, B, C, or D by the Natural Resource Conservation Service (NRCS). Soils of 
hydrologic type A have the highest infiltration rate, and therefore produce the least amount of 
runoff. Soils of hydrologic type D have the lowest infiltration rate, and therefore produce the 
highest amount of runoff. Soils in the study area are mostly type A, C, and D. Each subbasin 
was assigned a hydrologic soil type based upon the NRCS mapping. 
 
Impervious Area 

Impervious areas within subbasins that have been developed since 2011 were updated using 
the 2017 aerial photography and impervious area mapping from Murray City. The impervious 
area was divided into two components, directly connected impervious areas and unconnected 
impervious areas. Directly connected impervious areas have a direct path for runoff to flow to a 
conveyance such as a pipe, gutter, or channel. Directly connected impervious areas include 
roadways, parking lots, driveways, and sometimes the roofs of buildings. Runoff from 
unconnected impervious areas cross pervious areas before reaching a conveyance. Examples 
of unconnected impervious areas include sidewalks that are not adjacent to the curb, patios, 
sheds, and usually some portion of the roofs of buildings. 
 
It is important to distinguish between directly connected and unconnected impervious areas 
because runoff from directly connected impervious areas reaches the drainage conveyance 
system quickly and usually determines the magnitude of the peak flow rate upstream from 
detention. Impervious areas such as back yard patios, which drain to grassed or landscaped 
areas impact storm runoff peak flows much less than directly connected impervious areas.  
 
Based upon field observations, the directly contributing impervious area for a typical residential 
lot in Murray City generally includes the majority of the driveway and 26 percent of the home 
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and garage area. The runoff from the remaining 74 percent of the home and garage area 
typically flows over pervious areas before reaching the street. Please note that roughness 

-
3 of Technical Release-55 (TR-55), which can be found in Appendix B. 
 
SCS Curve Number 

Each basin was assigned an SCS (Soil Conservation Service) curve number. The curve number 
describes the relationship between precipitation and runoff for the pervious and unconnected 
impervious portions of the subbasin. Curve numbers range from 0 to 100. Areas with high runoff 
rates have high curve numbers. Areas that are more pervious have lower curve numbers. For 
example, parking lots and other impervious surfaces have curve numbers of about 98, whereas 
pervious areas such as fields, lawns, and gardens, typically have curve numbers between 70 
and 89. Curve numbers for each subbasin were estimated using a methodology presented by 
the Soil Conservation Service (SCS, 1972). 
 
Residential areas usually have C type soils due to imported topsoil. C type soils in residential 
areas have a curve number of 74. Because much of the study area includes residential areas, a 
conservative minimum SCS curve number of 74 was applied to the entire area whenever 
calculated curve numbers were below that value. 
 
Conveyance Characteristics 

Storm drainage conveyance characteristics were estimated based on available system 
information using storm drainage facilities mapping and available drawings, field observations of 
the type and size of the conveyance, and approximate slope as determined from the contour 
data in conjunction with given storm drain depths. 
 
Future Land Use and Hydrologic Characteristics 

Most of Murray City has been developed. New development is required to  
reduce the generation of post-construction stormwater runoff to preconstruction levels. The 
reduction in runoff may utilize pervious areas for stormwater treatment and infiltration. Requiring 
development to reduce runoff to pre-development levels means development will not worsen 
existing deficiencies or create new deficiencies in the existing models. 
 
STORM DRAINAGE UPDATE MODELS DEVELOPMENT 

Methodology 

The software used to model the storm drainage is the United States Army Corps of Engineers 
(USACE) Hydrologic Modeling System (HEC-HMS). HEC-HMS calculates peak flows and runoff 
hydrographs for all model elements including subbasins, reaches, junctions, and detention 
basins. Delineation of subbasins and determination of subbasin and reach characteristics were 
performed using ArcGIS. Subbasins were modeled using the SCS curve number loss method 
and the kinematic wave transform method. 
 
Modeling Existing Conditions 

The existing system model was updated to identify existing deficiencies in the storm drainage 
system. Conveyances included in the models were those which receive drainage from at least 
one subbasin. Modeling of the existing drainage system is presented in Chapter 5. 
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Modeling Future Conditions 

The City currently requires new development to reduce post-construction runoff to that of pre-
development conditions. This is more conservative than the previous requirement of 0.2 cfs/acre 
from parcels with new development. As any undeveloped areas develop in the future, they will 
be required to restrict runoff to current conditions, thus not adversely affect the current storm 
drain system or the proposed improvements. 
 
Computation of Runoff Hydrographs 

Hydrographs were computed for each subbasin, conveyance, junction, detention basin inlet, 
and detention basin outlet. The maximum value from each hydrograph is the peak runoff flow 
rate. Hydrographs were calculated for the 1-hour storm and 6-hour storms. The highest peak 
flow rate identifies the critical storm duration and is the flow rate used for design or evaluation of 
that element in the model. 
 
The predicted peak storm runoff flow rates were compared to the capacities of the analyzed 
conveyances to determine where problems might exist. Peak runoff flow rates for each 
conveyance are provided in Appendix D. An electronic copy of the storm drainage models along 
with the HEC-HMS installation software, GIS data, and backup information are included with this 
report in Appendix F. 
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CHAPTER 4  EXISTING STORM DRAINAGE SYSTEM 

 
 
Little Cottonwood Creek, Big Cottonwood Creek, the Jordan River, and the Jordan and Salt 
Lake City Canal act as outlets for storm drainage facilities in Murray City. Little Cottonwood 
Creek and Big Cottonwood Creek are tributary to the Jordan River. Modeled conveyances, 
detention basins, and drainages of the existing storm drainage system are shown on Figure 4-1. 
 
OUTFALL DRAINAGES 

Little Cottonwood Creek 

Little Cottonwood Creek flows through approximately 4.5 miles of Murray City from Union Park 
Avenue and I-215 to the Jordan River at 4800 S.  It is conveyed through the City by a series of 
open channels and road crossing structures before discharging to the Jordan River. 
 
Big Cottonwood Creek 

Big Cottonwood Creek flows through approximately 4.2 miles of Murray City from 1300 E and 
4705 S to the Jordan River at 4200 S.  It is conveyed through the City by a series of open 
channels and road crossing structures before discharging to the Jordan River. 
 
Jordan River 

The Jordan River flows through approximately 4.6 miles of Murray City. 
 
Jordan and Salt Lake Canal 

The Jordan and Salt Lake Canal flows through approximately 1.9 miles of Murray City from 900 
E and I-215 northeast to Van Winkle.  The canal is conveyed through a series of open channels 
and culverts before exiting the City boundary. It must be noted that although the canal currently 
is part of the storm drainage system (for older irrigation pipes which also convey storm drain 
runoff), the canal cannot be used as an outlet for future storm drain projects. 
 
DETENTION 

Existing detention basin locations are shown on Figure 4-1. Stage capacity and discharge data 
were estimated by f
0.2 cfs/acre maximum discharge requirement. The stage storage data is included in Appendix 
C. 
 
STORM DRAIN CONVEYANCES 

Capacities of storm drainage pipes were estimated based upon size, slope, material type, and 
the  Where known pipe slope was not available, slope was estimated based 
on the contour data and pipe depth. In some cases adverse slopes were shown for the 
conveyance.  No conveyance capacity was calculated if the pipe was determined to have an 
adverse slope. Pipes with adverse slopes likely are missing data and may actually have 
sufficient slopes. Estimated pipe capacities are based on conceptual level engineering and do 
not consider detailed inlet capacity and downstream restrictions. Estimated capacities also do 
not consider allowable surcharging that might provide additional capacity. While the estimated 
capacities may not be precise, they are consistent with the precision of the runoff estimates and 
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are sufficient for drainage master planning efforts. Capacities of modeled existing storm drains 
can be found in Appendix B and are also included in the shapefiles included in Appendix F. 
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CHAPTER 5 - STORM DRAINAGE ANALYSIS 

 
 
ADEQUACY OF STORM DRAINAGE FACILITIES 

The storm drainage criteria established as part of this study includes that the initial storm 
drainage system should be designed for the 10-year storm runoff event. The system was not 
analyzed for the 100-year storm runoff event. The combination of the storm drain pipes and the 
curb and gutter should convey the runoff from the 10-year storm runoff event without 
overtopping the curb. 
 
SYSTEM ANALYSIS 

The peak flows for each conveyance was compared to the capacity of the conveyance and 
shown as a percentage of capacity on Figure 5-1. A single pipe with limited capacity does not 
necessarily represent a deficiency.  Many pipes have very flat slopes that show extremely low 
calculated capacities.  However, as the pipe becomes full the hydraulic grade line will usually 
exceed that of the slope of the pipe, creating conditions with allow for larger flows. Some pipes 
are also short enough that incoming flows do not reach the normal depth before exiting the 
conveyance to downstream conveyances with higher capacities.  Therefore, only chains of 
conveyances with steady flows above capacity are indicative of deficiencies. 
 
STORM DRAINAGE DEFICIENCIES 

Storm drainage deficiencies were identified by using the system analysis described above and 
by collaborating with Murray City to identify known problem areas where frequent flooding 
occurs. 
 
Storm drainage deficiencies are described in Table 5-1 and shown on Figure 5-2. Table 5-1 also 
includes a description of the location, the modeled conveyance identification number, the peak 
flow rates for a 10-year storm for existing conditions, and the existing 10-year capacity of each 
inventory conveyance. 
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Table 5-1 

Storm Drain Deficiencies 

Deficiency 
ID 

Location Model ID 
10-yr 
Flow 
(cfs) 

Conveyance 
Capacity 

(cfs) 
Deficiency Description Proposal 

D1 West end of Jeremy Dr to Jeremy Ct CN1513 20.64 6.4 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipe. 

Watch 

D2 

6400 S and Tanner Ln, west of 
Shenandoah Park Ave to New Haven Dr, 
Haven Chase Ln, Haven Moor Cir, 
Steeple Chase Ln to Fontaine Bleu 

CN1307 
CN1505b 
CN1505c 
CN1512 

31.7 
32.1 
20.2 
20.4 

18.6 
7.7 

14.9 
10.9 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 
Maintenance and access problems also exist. 

Project 

D3 
Line Parallel to Rodeo from Lorreen Ct 
to Vine St 

CN1302c 
CN1503b 

29.1 
31.2 

6.3 - 51.7 
23.3 - 42.6 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 
Maintenance and access problems also exist. 

Project 

D4 Vineway Cir to Amesbury Cir to 1300 E NA NA NA 
Local drainage issues and lack of storm drains 
in the area with downhill cul-de-sacs may cause 
problems. 

Watch 

D5 End of Fontaine Bleu Dr NA 6.0 NA 

Flooding frequently occurs at the end of 
Fontaine Bleu. The final terminus for the storm 
drain does not connect to any other 
conveyance facilities. Inlets have been 
improved since the 2011 Master Plan. 

Project 

D6 
Waterbury Way and 5600 S, through 

 
CN1103 
CN1103c 

164.1 
110.9 

15.6 - 69.9 
9.0 - 77.2 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. Flows 
east of Van Winkle contribute to the capacity 
issues. 

Project 

D7 1300 E from 5935 S to Merritt Cir 

CN1103b 
CN1104 
CN1201 
CN1205 

82.2 
71.6 
43.5 
37.2 

34.7 - 130.4 
32.5 - 34.9 
26.2 - 32.7 
16.7 - 24.3 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Watch 

D8 1300 E from Merritt Cir to Cabrito St 
CN1101b 
CN1102 

273.1 
247.3 

20.4 - 66.8 
52.4 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Watch 

D9 South of El Sendero Cir 
CN 387 
CN122 

290.3 
304.1 

56.6 
77.8 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipe. 

Project 

D10 
Approximately along 5300 S from 
Revere Dr to 900 E 

CN362 27.4 7.4 - 48.6 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipe. 

Watch 
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Deficiency 
ID 

Location Model ID 
10-yr 
Flow 
(cfs) 

Conveyance 
Capacity 

(cfs) 
Deficiency Description Proposal 

D11 
Approximately from 5700 S and Marco 
Rd to 800 E and Woodoak 

CN263 
CN635 
CN262 
CN181 
CN259 
CN260 

100.6 
90.4 
87.5 
88.1 
79 

56.1 

48.7 - 364.2 
31 

26.3 
70.1 
24 

20 - 71.1 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes through 
commercial development. The residential area 
lacks storm drains. 

Project 

D12 
Birchwood Drive from Hyland Lake Dr to 
900 E 

NA NA NA 
Area lacks sufficient City-owned storm 
drainage. 

Watch 

D13 
725 E from Winchester to 5900 S and 
along 5900 S to Glen Oaks St 

CN273 
CN274 
CN14 

CN275 
CN276 
CN15 

CN278 
CN13 

CN279 
CN12 

CN280 
CN281 

27.8 
47.3 
49.8 
51.9 
52.7 
65.8 
71.7 
75 

77.7 
77.1 
78.2 
82.9 

11.2 
9.6 - 28.7 

11.3 
11.4 - 13.4 
15.1 - 15.8 
16.8 - 30.9 

8.1 
47.9 

29.0 - 64.3 
41.8 

32.1 - 49.4 
176.9 - 177 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. A 
detailed analysis of the 725 E storm drain 
system was completed by HAL in May 2008. 

Project 

D14 

Fashion Blvd. from 6220 S to 6100 S, 
6100 S to approximately 400 E, along 
the railroad tracks from 6100 S to 5850 
S 

CN455 
CN457 
CN461 
CV636 
CV637 
CN447 
CN468 
CN469 
CN470 
CN471 
CN475 
CN476 
CN477 
CN478 

37.5 
44.8 
62.5 
63.3 
62.5 
109 

217.4 
230.8 
228.2 
237.5 
251.9 
253.8 
262.8 
262.7 

17.6 - 18.4 
17.6 - 18 

21.3 - 21.4 
13 

7.1 - 9.8 
33.7 - 111.4 

58 - 66.4 
47.1 - 59.1 
60.6 - 80.6 
11.8 - 58.2 

64.9 - 104.1 
26.7 - 106.3 
45.9 - 75.3 
75.2 - 104 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes; 
however, Murray City has not received reports 
or witnessed any problem areas along this 
conveyance.  It is believed that there may be 
incidental detention located within commercial 
areas that drain to this line that are not 
accounted for in the model.  It is recommended 
that a study be completed that would determine 
what detention is occurring at this location to 
ensure that future construction and 
improvements restrict the flow to this portion of 
the system to existing flows.  
Pipes are originally CMP pipes that have been 
lined.  The City has indicated that the liner has 
aged and is in need of replacement in the near 
future. 

Project 

D15 200 E from 5950 S to 6000 S NA NA NA Road lacks adequate storm drainage. Watch 
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Deficiency 
ID 

Location Model ID 
10-yr 
Flow 
(cfs) 

Conveyance 
Capacity 

(cfs) 
Deficiency Description Proposal 

D16 
Avalon Dr and Kenwood Dr to 5600 S 
and Little Cottonwood Creek 

NA NA NA 
The existing irrigation line receives storm runoff 
from this area. 

Watch 

D17 
Connection from Lindon St to State St at 
approximately 5700 S 

CN528 7.3 1.2 - 7.8 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 
Upstream conveyances were not modeled but 
the City has noted previous problems. 

Project 

D18 
From Emerald Isle Ln and Topowa Dr to 
Jefferson Detention Basin 

CN501 
CN489 
CN491 
CN492 
CN494 

9.7 
24.5 
37.8 
70.1 
81.5 

8.9 
4 - 16.7 

24.7 
14.9 - 17.5 

20.3 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 
Maintenance and access problems exist in the 
area. 

Project 

D19 Railroad from 5620 S to 5700 S CN500 31.8 23.4 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipe. The 
conveyance is too close to the railroad. 

Project 

D20 
300 W from 5600 S to approximately 
5800 S 

CN493 15.5 2.5 - 19.3 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipe. 

Project 

D21 
Anderson Ave and 590 W to Anderson 
Ave and Green St 

CN537 
CN536 

4.9 
12.1 

0.9 - 3.3 
1.1 - 4.5 

Murray City has noticed problems at this 
location. 

Project 

D22 
400 W from approximately 6600 S to 
6500 S 

CN547 75.5 66 - 112.6 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes and curb 
and gutter. 

Watch 

D23 
From Lucky Clover Ln to Clover Meadow 
Dr, to 5400 S, then north to Sunberry Dr 
then to Murray Parkway Ave 

CV576 
CV577 
CV566 
CV567 
CN359 

8.2 
14.9 
14.1 
14.4 
25.2 

6 - 9.7 
4.4 - 5.2 
1 - 4.6 

5.5 - 6.3 
18 - 22 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. The City 
has noticed flooding in this area and noted that 
maintenance and access problems exist. 

Project 

D24 
Hunters Woods Apartments (Riverside 
Dr) to outlet 

CN356 23.8 6.3 - 32.4 
The City has noticed flooding problems in the 
area along the open channel ditch. 

Watch 

D25 Riley Ln from 5325 S to American Ave NA NA NA 
The area lacks storm drainage to collect runoff 
from the east. 

Watch 

D26 Woodrow St to Hillcrest Dr  CN515 NA NA The area lacks storm drainage. Project 

D27 State Street from Stauffer Ln to outlet 

CN432 
CN409 
CN431 
CN61 

CN402 
CN113 

54.6 
55.9 
65.1 
65.9 

141.1 
196.4 

36.1 - 36.5 
35.6 - 41.5 
45.9 - 46.5 

51.2 - 220.9 
135.7 

120.2 - 179.3 

Peak flow from the 10-year storm is greater 
than the capacity of the existing UDOT 
conveyances. These conveyances receive flow 
from several different conveyances at this point. 

Watch 
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Deficiency 
ID 

Location Model ID 
10-yr 
Flow 
(cfs) 

Conveyance 
Capacity 

(cfs) 
Deficiency Description Proposal 

D28 Glen St from 5000 S to Clark St NA NA NA The area lacks storm drainage. Project 

D29 
Box Elder St and Poplar St from 
approximately 4850 S to Vine St 

NA NA NA 
The future City center redevelopment will 
require some new storm drainage. 

Project 

D30 
Division Ln and Center St to 4800 S then 
to Cross Creek Ln 

CV603 
CV605 

15.8 
15.7 

4.7 - 18.6 
12.4 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Project 

D31 
Meadowview Road, Meadoway St, and 
Meadow Road 

NA NA NA Area lacks storm drainage. Project 

D32 Shamrock Dr creek crossing near 400 E CV633 32 21 
Peak flow from the 10-year storm may be 
greater than the capacity of the culvert 
crossing. 

Watch 

D33 
Rainbow Dr and State St to 4500 S and 
the Railroad 

CN391 
CN388 
CN163 

22.5 
22.4 
30 

2.3 - 36 
6.4 - 14.2 
6 - 37.9 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. The 
pipes are not owned by Murray City. 

Project 

D34 
Auto Blvd. from 4600 S to Main Street 
and Big Cottonwood Creek 

CN178 
CN382 
CV572 
CV573 
CN386 

37.1 
44.2 
42.8 
39.4 
41.9 

17.2 
3.8 - 28.3 

10.4 - 17.4 
5.6 

2.8 - 63.5 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Project 

D35 
200 W from 4800 S to 4500 Frontage Rd 
and 4500 Frontage Rd to 260 W 

NA NA NA The area lacks storm drainage. Project 

D36 4700 S from Cherry St to outlet 
CN343 
CN344 

9.1 
13.4 

5.1 - 18.2 
5 - 16 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. The city 
has noted problems here. 

Watch 

D37 
Cherry St and Riverside Dr to the Jordan 
River 

CN11 
CN345 

6.3 NA 
The City has noticed flooding problems in the 
area, possibly due to local drainage problems. 

Project 

D38 
4500 S from Commerce Dr to Riverside 
Dr 

CN348 
CV646 
CV571 

27.3 
27.1 
37.8 

2.1 - 11.6 
3.4 - 6.9 

6.2 - 40.4 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Watch 

D39 4170 S and 600 W to 700 W 
CN3105 
CN3101 

48.3 
50.9 

8.8 - 9.6 
12.9 - 14 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes.  

Watch 

D40 
North side of 4500 S from Fairbourne 
Ave to Big Cottonwood Creek 

CN383 
CN384 

40 
39.7 

8.3 - 12.4 
15.3 - 31.5 

Peak flow from the 10-year storm is greater 
than the capacity of the UDOT existing pipes.  

Watch 

D41 
Atwood Blvd and the south side of 4500 
S from Atwood Blvd to Big Cottonwood 
Creek 

CN584 6.8 1.5 - 4.3 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Watch 
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Deficiency 
ID 

Location Model ID 
10-yr 
Flow 
(cfs) 

Conveyance 
Capacity 

(cfs) 
Deficiency Description Proposal 

D42 4500 S from Vanwinkle Expy to Triton Dr 
CN2104 
CN2101 

12.7 
34.6 

6.1 - 10 
14 - 21.7 

Peak flow from the 10-year storm is greater 
than the capacity of the UDOT existing pipes. 

Watch 

D43 
4800 S from Three Fountains Dr to Mill 
Race Ln then to Big Cottonwood Creek 

CN4477 26 6.8 - 18.3 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Watch 

D44 
Van Winkle Expy from 6150 S to 
approximately 5950 S (Jordan and Salt 
Lake Canal) 

CN1311c 
CN1311b 
CN1305 

45.7 
52.9 
71.2 

10 - 16.6 
8 

10.6 - 29.6 

Peak flow from the 10-year storm is greater 
than the capacity of the existing conveyances 
along the UDOT expressway. 

Watch 

D45 Vine Street from 1600 E to 1300 E CN1302b 28.1 6 - 18.7 
Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Project 

D46 
Moffat Farm Ln to Vine St then Vine St 
to Little Cottonwood Creek 

CN119b 
CN120 
CN120c 

25.7 
34 

41.3 

2.1 - 33 
9.3 - 13.5 

17.2 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Project 

D47 
1300 E from Maplewood Dr to the 
Jordan and Salt Lake Canal 

CN1403 
CN1601 

31.5 
12.5 

16.8 - 18.7 
9.1 - 14.5 

Peak flow from the 10-year storm is greater 
than the capacity of the existing UDOT pipes. 

Watch 

D48 900 E from 6270 S to Vine St 
CN4472 
CN4473 

26.8 
40.3 

9.2 - 16.5 
35 - 49.3 

Peak flow from the 10-year storm is greater 
than the capacity of the existing UDOT pipes. 

Watch 

D49 
800 W from Anderson Ave through the 
residential area to 5400 S and 970 W 
then to the Jordan River 

CN131 
CN132 
CN230 
CN219 
CN221 
CN220 
CN222 
CN225 
CN217 
CN218 

9.2 
12.8 
12.8 
13.4 
13.4 
13.4 
28.6 
28.2 
33.9 
37.7 

5.8 
4.5 - 8.4 

4.5 
18.2 
25.3 
15.5 
13.6 
24.6 

3.9 - 41.1 
14.3 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. The City 
has noted adverse slopes and significant 
sedimentation in the pipes. 

Project 

D50 
Vine Street and 350 W to Galleria Dr, to 
Murray Blvd, then along Murray Blvd to 
4950 S 

CN185 
CN355 

54.5 
102.1 

20.9 - 120 
37.7 - 86.1 

Peak flow from the 10-year storm is greater 
than the capacity of the existing pipes. 

Project 

D51 
Spring Clover Dr northwest to Germania 
Ave to the Jordan River 

CN337 
CN336 

10.4 
15.8 

14.3 
17.4 - 59.9 

The City has noticed flooding on Spring Clover 
Dr. 

Project 

D52 

Murray Parkway Golf Course along 
Winchester from 700 West to about 1040 
West and then North West through the 
Golf Course to the Jordan River 

CN551 
CN548 
CN306 

27.9 
27.9 
28.5 

54.1-68.8 
49.5-55.76 
93.4-105.8 

The City has indicated that the pipes at this 
location are CMP pipes and are in need of 
replacement. 

Project 
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CHAPTER 6 - CAPITAL IMPROVEMENT PLAN 

 
 
PREFERRED DRAINAGE PLAN DEVELOPMENT 

Meetings were held with Murray City personnel to identify and evaluate alternatives for storm 
drainage improvements. Selection of the preferred alternative for each problem was a process 
of evaluation and refinement, rather than a simple choice between alternatives. The process of 
selecting a preferred alternative included: reviewing the list of storm drainage inadequacies, 
brainstorming possible solutions to the problems, screening alternatives based on feasibility and 
public acceptance, development of alternatives, comparison based on cost and function, and 
selection of the preferred alternative. 
 
The flows and pipe diameters provided in the capital improvement project descriptions are 
approximate and are for planning purposes only. A detailed hydrologic and hydraulic analysis 
should be performed during the design process for the master plan update improvement 
projects to identify final design pipe sizes. 
 
PRECISION OF COST ESTIMATES 

When considering cost estimates, there are several levels or degrees of precision depending on 
the purpose of the estimate and the percentage of detailed design that has been completed. 
The following levels of precision are typical: 
 
   Type of Estimate  Precision 
   Master Planning  ±50% 
   Preliminary Design  ±30% 
   Final Design or Bid  ±10% 
 
For example, at the master planning level (or conceptual or feasibility design level), if a project 
is estimated to cost $1,000,000, then the precision or reliability of the cost estimate would 
typically be expected to range between approximately $500,000 and $1,500,000. While this may 
seem very imprecise, the purpose of master planning is to develop general sizing, location, cost, 
and scheduling information on a number of individual projects that may be designed and 
constructed over a period of many years. Master planning also typically includes the selection of 
common design criteria to help ensure uniformity and compatibility among future individual 
projects. Details such as the exact capacity of individual projects, the level of redundancy, the 
location of facilities, the alignment and depth of pipelines, the extent of utility conflicts, the cost 
of land and easements, the construction methodology, the types of equipment and material to 
be used, the time of construction, interest and inflation rates, permitting requirements, etc., are 
typically developed during the more detailed levels of design. 
 
At the preliminary or 10% design level, some of the aforementioned information will have been 
developed. Major design decisions such as the size of facilities, selection of facility sites, 
pipeline alignments and depths, and the selection of the types of equipment and material to be 
used during construction will typically have been made. At this level of design the precision of 
the cost estimate for a $1,000,000 project would typically be expected to range between 
approximately $700,000 and $1,300,000. 
 
After the project has been completely designed and is ready to bid, all design plans and 
technical specifications will have been completed and nearly all of the significant details about 
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the project should be known. At this level of design, the precision of the cost estimate for the 
same $1,000,000 project would typically be expected to range between approximately $900,000 
and $1,100,000. However, this level of precision can be greatly impacted by the bidding climate 
at the time of bid. If contractors are extremely busy, costs may be significantly higher. If 
contractors are not busy and want to keep their employees occupied, costs could be 
significantly less. 
 
The pipe diameters provided in the following Capital Improvement Plan (CIP) descriptions are 
approximate and are for planning purposes only. A detailed hydrologic and hydraulic analysis 
should be performed during the design process of the projects to identify final design, sizing, 
and cost estimates. 
 
ESTIMATED CONSTRUCTION COSTS 

Cost estimates are based on conceptual-level engineering. Unit construction costs were 
estimated based on communication with material suppliers, heavy construction data references 
(RSMeans, 2018), project costs from the previous master plan, construction cost indices from 
ENR (ENR, 2018), and contractor bids from other similar construction projects. Due to the 
current bid climate an additional 3.2% was implemented to represent cost increases from 
January to September. Cost estimates do not include costs associated with acquisition of right-
of-way, legal fees, or administration. Engineering cost estimates given in this study should be 
regarded as conceptual and appropriate for use as a planning guide. Only during final design 
can a definitive and more accurate estimate be provided. A cost estimate of each alternative is 
provided in Appendix D. 
 
CAPITAL IMPROVEMENT PLAN 

Table 6-1 presents the recommended capital improvements which are shown on Figure 6-1. 
Alternative projects are shown on Figure 6-2. Projects from the previous Master Plan were 
reviewed and included in the CIP in cases where they had not already been addressed. Project 
IDs do not correspond with deficiency IDs, but deficiencies alleviated by the projects are also 
listed in Table 6-1. 
 
The criteria for determining the priority of a project was based on if the City had noticed flooding, 

schedule for road improvement projects. Priority projects are listed under schedule A. The 
schedule for the CIP is divided into three time frames: projects to be completed within 5 years 
(A), projects to be completed between 5 and 10 years from 2018 (B), and projects to be 
completed beyond 10 years from 2017 (C). The City moved some projects up in the schedule to 
reflect implementation of projects with concurrent construction efforts or to address some 
frequent flooding deficiencies that impact residences. 
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CAPITAL IMPROVEMENTS SUMMARY 

Costs of the recommended projects organized by priority can be seen in Table 6-2. 
 

Table 6-2 
Summary of Capital Improvements by Schedule 

Prioritization Time Frame Preferred Alternative A Total Cost 

A Within 5 years $4,506,000 

B 5-10 years $10,370,000 

C Beyond 10 years $18,404,000 

Total $33,280,000 

 
OPERATIONAL RECOMMENDATIONS 

Inventory 

This master plan ventory to account for the facilities of the storm drainage 
system. It is recommended that the City continue to maintain and update the master GIS 
inventory of the storm drainage system. Because the City storm drainage system is intertwined 
with UDOT facilities, efforts should be made to accurately include known UDOT facilities that 
City storm drainage flows into or flows from. Keeping track of pertinent UDOT facilities will allow 

 
 
Watch and Maintenance Recommendations 

In addition to the existing storm drainage system maintenance, it is recommended that 
deficiency D32 be addressed through frequent maintenance. A maintenance schedule for this 
deficiency could include removing debris, sediment, and clearing weed growth as needed to 
keep the drainage facilities functioning until corrective CIP projects can be completed, if 
justified. 
 
Deficiencies identified as not warranting action include D1, D4, D7-D8, D10, D12, D14 
(Although the City has determined no action is warranted due to capacity D14 is listed as a 
replacement project due to aging infrastructure), D15, D16, D22, D24-D25, D27, D32, D36, 
D38-D44, and D47-D48. These deficiencies should be monitored for future flooding. If 
conditions become unacceptable, a project should be added to the CIP to remedy the 
deficiency. Many of the watch deficiencies are facilities managed by the Utah Department of 
Transportation (UDOT) and would require coordination with UDOT for future remedies. 
 
Storm Drainage Master Plan Updates 

The storm drainage master plan should be periodically reviewed and updated dependent upon 
change and new development, at least every 5 years. 
 
SUMMARY OF RECOMMENDATIONS 

It is recommended that Murray City: 
 
1. Review the new UPDES and anticipate potential changes to the Storm Water Management 

Plan to remain in compliance with the future permit. 
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2. Review the "Guide to Low Impact Development within Utah" and implement the LID 
suggestions into City Policy. 

 
3. Maintain the current Storm Water Management Plan so it complies with the current effective 

UPDES permit. 
 
4. Implement the Capital Improvement Plan presented in Chapter 6. 
 
5. Continue to maintain the GIS storm drainage inventory. 
 
6. Include deficiency D32 (Shamrock Dry Creek Crossing near 400 East) on the maintenance 

schedule. 
 
7. Monitor the "Observe" deficiencies for future problems and address as needed. 
 
8. Update or review the Storm Drainage Master Plan at least every 5 years. 

 
9. Continue design review and inspection policies that will ensure City design and construction 

standards are achieved. 
 

10. Continue to require new developments to reduce runoff to pre-construction levels. 
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Suggested Water Treatment Locations 

 







 
APPENDIX B 

 
Hydrology Data 

 
 
 











































CONVEYANCE CAPACITIES 
 
Storm drainage facilities and features conveying storm drainage from subbasins have been 
represented in the model.  Smaller storm drainage facilities within subbasins are represented in 
the characteristics of the subbasin in which they are located.   
 
As explained in the report, capacities of storm drainage pipes were estimated based upon size, 

imitations.  These 
estimated conveyance capacities were then compared against the corresponding HEC-HMS 
model peak discharge.  The following table includes capacities and model output comparison.  
Each of the columns in the table is labeled and described below: 
 
Col. Description 

1 N   
followed by the identification number of the conveyance. 

2 Length of the conveyance based upon the 2000 SDMP report or upon city data of in-
place pipes. 

3 Slope of the conveyance based upon the 2000 SDMP or upon 4 ft and 0.5 m contours 
for Murray City and depths corresponding to in-place pipes. 

4 Mannings n value based upon the material of the conveyance. 

5 Shape of the conveyance. 

6 Diameter of circular conveyances. 

7 Width of trapezoidal conveyances, rectangular conveyances, and elliptical (squash) 
pipe. 

8 Height of trapezoidal conveyances, rectangular conveyances, and elliptical (squash) 
pipe. 

9 Side slope of trapezoidal conveyances, horizontal:vertical. 

10 Capacity of conveyance  or 
channel. 

   Mannings Equation:Q cfs
n

A
A

Pw
S( )

.1 486
2

3 1

2   

11 Inlet control capacity.  Based on a maximum velocity of 8 ft/s for pipes equal to or less 
than 30 inches in diameter and 10 ft/s for pipes with diameters larger than 30 inches. 

12 Estimated capacity for the conveyance.  Based upon the controlling or smaller capacity 
between capacit . 

13 Peak flow in the conveyance.  The peak flow is from the largest peak flow between the 
four 10-year storm flows.  The peak flows can be seen in the 2010 Existing Peak Flows 
for All Elements. 

14 Percentage of the peak flow in relation to the capacity of each conveyance. 
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Detention Basin Data 

 























 
APPENDIX D 

 
Project Attributes and Costs 

















 
APPENDIX E 

 
Model Results 
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