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CHAPTER |
INTRODUCTION

This master plan report addresses the storm drainage needs for Coon and Harkers Creeks and
the storm drain system that carries their flows to the C-7 canal north of Magna. These canyon
areas currently have no development but have received some attention as areas of possible
residential, commercial and resort development. The Coon/Harkers Creek Storm Drainage
Master Plan examines this important element of Salt Lake County’s storm drainage system.
Deficiencies were identified and the preferred solution alternatives were presented with cost
estimates. A capital improvements plan has been developed for master plan projects.

BACKGROUND

Storm water runoff is a difficult resource to manage. In a dry climate such as Utah'’s, existing
drainage ways are often dry and to the inexperienced may appear to be prime places to
construct buildings. 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 the need for a new drainage
system with the basic goals of managing nuisance water, protecting development from
damage, and protecting downstream waters from adverse quality and quantity impacts.

The West Bench Master Plan (Calthorpe Associates, December 2005) was prepared for property
owned by Kennecott Land in the western part of the Salt Lake Valley. Potential future
development of a ski resort and town center in the Coon/Harkers Creek drainage would alter
the existing hydrology. Recognizing the need for a plan to guide Coon/Harkers Canyon Creek
improvements, Salt Lake County initiated the preparation of a master plan for the creeks. This
report presents the results of numerous hydrologic and hydraulic analyses which have
culminated in the development of a master plan for Coon/Harkers Creek.

AUTHORIZATION

In November 2006, Salt Lake County requested that Hansen, Allen & Luce, Inc. (HAL) assist them
in completing a master plan of the Coon and Harkers Creeks and the associated storm
drainage system. Development of the Storm Drainage Master Plan was completed under the
direction of, and in cooperation with County staff.

STUDY AREA
The master plan study area included the tributary canyon areas to Coon and Harkers Creeks

as well as tributary urban areas that contribute storm drainage flow to the system prior to
discharge into the C-7 canal. The study area is shown on Figure I-1.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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CHAPTER II

EXISTING STORM DRAINAGE SYSTEM

The storm flows originating in Coon and Harkers Canyons are conveyed through the natural
creek systems until the flow enters the urban area of Magna where it is conveyed through storm
drainage pipelines to the C-7 Canal. The existing storm drainage system is shown on Figure II-1.

CREEKS

The conveyance capacity and hydraulic characteristics of Coon and Harkers Creeks were not
part of this study. All storm flows generated in Coon and Harkers Canyons were assumed to
reach the ATK detention through the creeks. Channel losses were not included in the study

STORM DRAINS

Mapping from the county was relied on to determine the location and size of the existing
conveyances. Meetings with County personnel were necessary to clarify sizes and locations
indicated in the mapping.

In addition to the creeks discussed above, the following storm drainage pipelines convey the
storm flows from the Coon/Harkers Creek drainage to the C-7 canal (see Figure II-1).

* North along approximately 8300 West from the Utah and Salt Lake Canal to 3100
South

* East on 3100 South from 8200 West to 8000 West

* North on 8000 West from 3100 South to the C-7 Canal

Capacities of storm drainage pipes were estimated based upon size, slope, material type, and
Manning’s equation. Pipe slope was not available, therefore slope was assumed based on the
County’s 2-meter ground surface contours. Estimated pipe capacities are based on
conceptual level engineering and do not consider limitations due to inlet capacities or
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 are sufficient for drainage planning
efforts.

DETENTION

There are no existing detentions along Coon and Harkers Creeks upstream of their confluence.
Downstream of the confluence, an approximately 90 acre-feet detention basin detains storm
flows at the ATK site located between 8200 and 8000 West, on the south side of 4100 South.
Discharge characteristics were defined by contour mapping of the detention, descriptions and
drawings of the outlet works. The outlet has a 10 inch orifice located in a manhole at 4100

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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South where the flow from the northwest corner of the detention basin is directed into
Coon/Harkers Creek through an 18 inch outfall.

An additional detention storage area is located prior to where the Coon/Harkers Creek crosses
the Utah and Salt Lake Canal. The capacity of this detention is unknown, although its main
purpose is to detain flow from the neighborhood that surrounds it. This detention was not
included in the model.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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CHAPTER Il

HYDROLOGY

The hydrology of the tributary area to Coon/Harkers Creek has both urban and mountain
watershed characteristics. The following sections contain descriptions of the methodology used
in the determination of design flows at several stations along Coon/Harkers Creek.

MODEL DESCRIPTION

The Coon/Harkers Creek Storm Drainage Model is a combination of an ArcGIS model and the
Army Corps of Engineers (COE) Hydrologic Modeling System (HEC-HMS). HEC-HMS calculates
peak flows and runoff hydrographs for all model elements including subbasins, reaches,
junctions, and detention basins. ArcGIS 9.3 Geographic Information System (GIS) by
Environmental Systems Research Institute (ESRI) was used as a spatial reference tool for
development of the HEC-HMS model. Delineation of subbasins and determination of subbasin
and reach characteristics was performed using the ArcGIS model. Subbasin boundaries and
storm drain conveyance shapefiles were then imported as background images into HEC-HMS
for creation of the storm drainage model. Urban subbasins were modeled using the SCS curve
number method and the kinematic wave transform method. The Muskingham-Cunge method
was used for routing hydrographs through channel reaches. The model, in conjunction with the
GIS data, will help the County to continue to update and analyze for potential drainage
deficiencies and facilitate the analysis of conceptual design of alternative mitigation measures.

DRAINAGE BASIN CHARACTERISTICS

A drainage basin is an area where all precipitation that falls within it will collect to a common
point. Another name for a drainage basin is watershed or catchment. Subbasins are smaller
than drainage basins located within a larger drainage basin. Drainage subbasin boundaries
depend upon both the topography and the location of storm drainage facilities. Drainage
subbasin boundaries used in the study are shown on Figure lll-1.

Subbasin characteristics were developed based on field observations and the GIS mapping
supplied by Salt Lake County. Important subbasin characteristics discussed in this report
include:

*  Subbasin Area

*  Hydrologic Soil Type

* Percentage of Impervious Area
e SCS Curve Number

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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Subbasin Area

Subbasins were delineated within ArcView GIS using USGS Topographic Quadrangle maps
(mountain areas), the County’s 2-meter contours (urban areas) and the locations of storm
drainage facilities. Developed portions of the study area had smaller subbasins, usually less
than 30 acres. Undeveloped areas and mountain watersheds were delineated as larger units.
Mountain watersheds were divided into subbasins where distinct vegetation, soil type and
precipitation characteristics were found.

Hydrologic Soil Type

Hydrologic soil type is a general indication of the soil’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 soil type A have the highest infiltration rate, and therefore produce the least
amount of runoff. Soils of hydrologic soil type D have the lowest infiltration rate, and therefore
produce the highest amount of runoff. Soil maps were obtained from the Utah Automated
Geographic Reference Center (www.agrc.utah.gov). Soil characterization by the NRCS
correlates general soil map units with hydrologic soil types. The hydrologic soil type was input
into the GIS database for soil cover.

Percentage of Impervious Area

Impervious areas within each urban subbasin were estimated using the GIS model. The
impervious area was divided into two components: directly connected impervious areas and
unconnected impervious areas. Directly connected impervious areas provide a direct path for
runoff from the impervious area 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 include sidewalks that are not
adjacent to the curb, patios, sheds, and usually some portion of the roof of the house or
structure. Unconnected impervious area is combined with the pervious area of a subbasin
resulting in a weighted curve number for unconnected area.

SCS Curve Number

The SCS curve number methodology is described in the SCS publication TR-565. A curve number
is determined based on several factors described in the manual. These factors include: soiland
cover conditions, cover type, tfreatment and hydrologic condition. The soil cover conditions
were discussed eatlier in the hydrologic soil type section. The cover type is the kind of
vegetation prominent in that area. Urban areas were assumed to have a normal mix of grasses
and shrubs common in residential yards. Vegetation cover types for undeveloped areas were
delineated using aerial photography and the NRCS soils map. Vegetation cover types were
verified through site reconnaissance.

Mountain Areas

The mountain vegetation cover types are shown on Figure lll-2 and described following.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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Herbaceous. This complex includes a mixture of grass, weeds, and low-growing brush,
with brush being the minor element. This cover was found on the ridges and more
exposed areas.

Sagebrush. The sagebrush cover contains mostly sagebrush with a grass understory.
Pinyon-Juniper. This cover type includes pinyon, juniper or both with a grass understory.

Oak-Aspen. This vegatative cover consists of mountain brush mixture of oak brush,
aspen, mountain mohogany, bitter brush, maple, and other brush. This is only found on
the high north-facing slopes.

The vegetative types for the agricultural areas were observed in a site visit. The cover types in
the agricultural zones were defined as the following:

Fields. This cover type includes grassy pastures or meadows and was located at the
lower end of the Coon/Harkers drainages. The curve number used in the model for this
land was either 58 or 78 for type B and D soils, respectively.

The drainage subbasin composite curve numbers were found by area weighting (see
computations in the Appendix B).

The SCS lag time for mountain areas was calculated using the regression equation outlined in
the article entitled “Lag Time Characteristics for Small Watersheds in the U.S.” by M.J. Simas and
R.H. Hawkins. The equation relies on basin areq, slope, and curve number characteristics. The
regression equation follows:

T = .0051 x width*** x slope'®*x §_ "

lag nat

where

width = Watershed Area / Watershed Length
slope = Maximum Elevation difference / Longest Flow Path
Snat = 1000/CN - 10

nat —

Subbasin hydrologic characteristics for the mountain area conditions are summarized in Table
llI-1 for the model of existing conditions (referred hereinafter as Existing model).

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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TABLE lII-1
Coon/Harkers Creek Subbasin Characteristics for Mountain Areas - Existing Conditions

Subbasin ID (22333, WeIgAt:iee% CN Lag(;:)me
Coon-Lower 1,769 58.2 1.27
Coon-Middle 1,979 57.3 1.68
Coon-Upper North 2,093 45.5 1.82
Coon-Upper South 2,295 44.7 1.82
Harkers-Lower 2,243 67.2 1.30
Harkers-Middle 1,169 51.5 1.54
Harkers-Upper 1,288 45.2 1.60
Coon/Harkers ATK 383 63 0.48
TOTAL: 13,219

Urban Areas

The Coon/Harkers drainage system becomes an urban system of curb and gutter with storm
draininlets downstream of the ATK Detention where the drainage crosses the Riter Siding railroad
line. Delineation of urban subbasins was based on the location of existing storm drainage
infrastructure as shown in mapping provided by the county (see Figure II-1). Contours were also
utilized to determine flow direction. Urban hydrologic characteristics for use in modeling storm
water runoff with the SCS Curve Number and kinematic wave technique include drainage areq,
composite curve number and percentage of directly connected impervious area. Each of
these parameters are summarized for the existing model in Table lll-2. The overland flow length,
slope and roughness assumed for the model input are shown in Appendix B.

TABLE Ill-2
Urban Subbasin Characteristics - Existing Conditions
% Directly
Subbasin ID 665 Composite Area CN Connected
Impervious
Urb1 30 78 24
Urb2 34 79 26
Urb3 26 79 38
Urb4 37 77 79
Urb5 42 79 31
Urb6 12 98 95
Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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TABLE Ill-2 CONTINUED

% Directly
Subbasin ID 665 Composite Area CN Connected

Impervious
Urb7 60 76 36
Urb8 63 80 31
Urb9 52 77 40
Urb10 50 79 28
Urb11 71 73 12
Urb12 47 86 34
Urb13 58 86 27
Coon/Harkers Lower 83 63 5

TOTAL: 665

Channel Routing

Most mountain area runoff enters Coon/Harkers Creek via sheet flow, shallow concentrated flow
and stream flow. In urban locations most of the channel routing is accomplished through storm
drain pipes or road side drainage ditches until it reaches Coon/Harkers Creek.

DESIGN RAINSTORM

Precipitation depths were obtained from the Point Precipitation Frequency Estimates from NOAA
Atlas 14 found on the website http://hdsc.nws.noaa.gov/hdsc/pfds. The precipitation values
used were dependent upon the general elevation and location of the different sub-basins. The
precipitation values were assigned to general zones which include: Upper Coon/Harkers, Middle
Coon/Harkers, Lower Coon/Harkers and Urban Areas.

Meetings with the County to discuss criteria resulted in the selection of the 100-year event for
the canyon areas and a 10-year event for the urban areas. It was felt that the urban system is
designed to accommodate a 10-year event and that flows above that amount would not likely
be conveyed to the main Coon/Harkers system. Table IlI-3 and llI-4 present precipitation values
for the mountain and urban areas, respectively.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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TABLE llI-3
Mountain Area Precipitation Zones for 100-year Storm Event

Thr 3 hr 6 hr 12 hr 24 hr
Zone (in) (in) (in) (in) (in)
Upper Coon/Harkers 1.79 2.11 2.38 2.99 3.79
Middle Coon/Harkers 1.79 2.08 2.31 2.87 3.52
Lower Coon/Harkers 1.71 1.96 2.13 2.57 3.04

TABLE llI-4
Urban Area Precipitation Zones for 10-year Storm Event

Thr 3 hr 6 hr 12 hr 24 hr
Zone (in) (in) (in) (in) (in)
Existing Urban Areas 0.87 1.11 1.36 1.70 2.13

Storm Duration

Several different storm durations were reviewed for this study. Following a meeting to discuss
these duration options, Salt Lake County chose the storm duration of é hours.

Storm Distribution

Salt Lake County chose the rainfall distribution for the design storms used in the master plan. The
distribution that was chosen was the Farmer-Fletcher distribution for a 6-hour storm. During the
1960's and early 1970's, Dr. Eugene E. Farmer and Dr. Joel E. Fletcher completed a major study
of the precipitation characteristics for storms in northern Utah. This effort has become the
definitive source for rainfall distributions appropriate for the Wasatch Front area. 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 found that “first and second quartile storms together
comprise 76 percent of those storms containing a burst of 5-minute duration, with a 2-year
recurrence interval of 92 percent of storms containing a burst of 10-minute duration, with a 10-
year recurrence interval.” Farmer and Fletcher developed model storms for first and second
quartile storms.

Aerial Reduction

Aerial reduction factors were applied based on the Salt Lake City Hydrology Manual. These
factors were developed to compensate for the aerial differences associated with different storm
durations and drainage basin area. The total area for the combined sub-basins is 23.7 square
miles which results in an aerial reduction factor of 0.91 or an equivalent precipitation depth

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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reduction of 9%. This factor was applied to each of the precipitation depths obtained from the
NOAA 14 Atlas.

MODEL RESULTS
Computation of Runoff Hydrographs

Hydrographs were computed for subbasins, conveyances, detention basin inlets and detention
basin outlets modeled for the system. The maximum value from each hydrograph is the peak
runoff flow rate. Hydrographs were calculated for the 6-hour storm duration with a 100-year
condition applied to the mountain areas and a 10-year event applied to urban areas. The
highest peak flow rate is used for design or evaluation of that element in the model. The peak
flowrates were then compared to the capacities of the model elements to determine
deficiencies. Peak runoff flowrates for each conveyance are provided in Appendix D.

Modeling Existing Conditions
The Existing model was prepared to identify existing deficiencies in the major storm drainage

system. Major storm drainage facilities and features conveying storm drainage from the outlet
of at least one subbasin have been represented in the model.

Future Conditions

Undeveloped areas within the model were evaluated based on information provided in the West
Bench Master Plan developed by Kennecott Lands as shown in Figure llI-3. Because of the
conceptual nature of the future development plans, it was determined not to provide the

projected future flows. The County chose to plan for future development by requiring detention
of 100-year storm flows to the historic levels modeled in the Existing model.

Design Flow Rates

The results from the HEC-HMS hydrologic model are summarized in Table llI-5.

Table IlI-5
Existing Scenario Flow Rates

Location Model Predicted Peak FLow

(cfs)
Inflow to ATK Detention 191
Outlet to ATK Detention (Existing) 9
3100 South at 8200 West 43
C-7 Canal 136

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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USGS REGRESSION COMPARISON

As a check of the computed flows from the HEC-HMS model coming to the ATK detention from
Coon and Harkers Canyons, the USGS “Methods for Estimating Magnitude and Frequency of
Peak Flows for Natural Streams in Utah” was used for comparison. The following regression
equation is given for estimating peak runoff in the region of Coon and Harkers Canyons.

PK100 = 6.92 DRNAREA®®'*1,06"<"

Where
DRNAREA = Drainage Areq, in square miles
PRECIP = mean annual precipitation, in inches

This equation gives a 100-year peak flow of 152 cfs, using a total drainage are of 20.06 square
miles and a mean annual average precipitation of 21.44 inches (Bingham Canyon, Utah
(420699), Western Regional Climate Data Center, wrcc@dri.edu). The magnitude of the peak
is in line with the 184 cfs that was calculated using the SCS curve number methodology and
HEC-HMS.

SNOW MELT
Historical snowmelt peak flows are not available for Coon/Harkers Creek. Regression equations
developed by Gingery and Associates ("Hydrology Report, Flood Insurance Studies, 20 Utah
Communities, F.ILA. Contract H-4790", 1979) were used to estimate snowmelt runoff. The three
equations are as follows:

Q,, = 14.13 A%* where R = 0.84

Q,, = 20.44 A°%* where R = 0.84

Q,q, = 22.57 A% where R = 0.84

R= Correlation Coefficient
A = Drainage Area in Square Miles
Q = Discharge in Cubic Feet per Second

The area contributing to the snowmelt runoff was assumed to include only the upper subbasins

of Coon/Harkers Canyon delineated for the study with an area of 8.9 square miles. The
equations rely on the size of the basin area and the return period for the snowmelt event.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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The predicted snowmelt flows are summarized on Table llI-6. Coon/Harkers Creek does not
currently have any stream gauging data available, making a determination about the
accuracy of the snowmelt calculation difficult. The Gingery and Associates study focused on
Wasatch Mountain canyons and slopes that are primarily west facing. Therefore, the
applicability of this study to east facing Oquirh Mountain slopes is unknown.

Table llI-6
Estimated Snowmelt Flow Rates
Predicted Showmelt Flow Rates (cfs)
Location
10 year 50 year 100 year
Coon/Harkers Creek Confluence 110 152 164
Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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CHAPTER IV

CAPITAL IMPROVEMENTS PLAN

DRAINAGE PLAN DEVELOPMENT

Meetings were held with Salt Lake County personnel to identify and evaluate alternatives for
storm drainage improvements to solve the problems identified by the model and from County
personnel. 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, and the development of alternatives. The
preferred alternatives are the capital improvement projects discussed below.

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 improvement projects to identify final
design pipe sizes.

SYSTEM DEFICIENCIES

Capacity deficiencies were identified based on peak flows calculated in the HEC-HMS model
and pipe capacities from County mapping for pipe size and slopes. Additional deficiencies
were identified by County personnel with regard to maintenance or performance.

TABLE IV-1
Existing Deficiencies

ID LOCATION PROBLEM

County personnel indicated that this storm drainage line has poor
access (located in landscaped backyards with fencing) and in

8300 West fo 8200 West, 3500 South | MOSt cases is 50 fo 60 years old.

fo 3100 South The modeled peak flow through this line is 41 cfs. The estimated

capacity based on the smallest pipe size and 2.5% slope
estimated by surface contours gives a capacity of 36 cfs.

County personnel indicated that the detention area referred to as
2 8300 West 3650 South “Little Hoover” (south of the Utah & Salt Lake Canal) does create
some basement flooding during high storm flow events.

Accordingto County personnel, significant debris causes problems

3 8300 West 3500 South at the two inlets on 3500 South.

8200 West to 8300 West, 4100 South | Open channel currently experiences high erosion levels during flow
to 3650 South events according to County personnel.

Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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ALTERNATIVES ANALYSIS

Three alternatives were presented and discussed with the County to mitigate the deficiencies
presented previously. The major deficiency identified both in the storm drainage model and
by County personnel is deficiency #1, from 8300 West to 8200 West, 3500 South to 3100
South. Mitigation of the deficiencies in this line may also solve other identified deficiencies.
The following three alternatives were presented to the County for their review (see Figure IV-
1).

TABLE V-2
Alternatives

ALTERNATIVE ID | DEFICIENCY ID SOLUTION

Reroute storm drainage from Coon/Harkers Creek and the ATK detention
by rerouting flow at Danbury Drive (approximately 3790 South) east to
8000 West in a new 24 inch line. New 24" line continues north at
Danbury Drive and 8000 West and will continue to the existing 8000
A 1,2,3,4 West storm drain at about 3660 South (north of the Utah and Salt Lake
Canal). Reroute flows from Urb1, Urb2, Urb3 and Urb 4 at 8300 West
3500 South east along 3500 South in new 36" line to the existing storm
drain at 8000 West.

Reroute storm drainage from Coon/Harkers Creek just north of the Utah
and Salt Lake Canal at 8300 West. The existing outlet to the ATK
detention will be unaltered. The flow will be routed through a new 30"
B 1,3 line to 8400 West where the line will continue south to 3500 South and
then east to the existing storm drainage line at 8200 West and 3500
South. The existing storm drain from 8200 West to 8000 West along 3500
South will be replaced with a new 36" line.

Replace existing storm drainage lines from 3500 South to 3100 South
C 1 with 36 inch lines. Purchase the necessary permanent easements for
access and maintenance through private property and back yards.

Alternative A would remove flows from the Coon/Harkers Canyon flows from the existing storm
drainage line downstream (north) of 4100 South. The proposed line at 8300 West 3500 South
would convey flows from Urb 1, Urb2, Urb3 and Urb4 to the existing storm drain in 8000 West.
The existing system would remain in place and would convey local drainage from Urb8 only (10-
year 6-hour peak flow of 14.5 cfs).

Alternative B would also remove Coon/Harkers Canyon drainage flows from the existing storm
drainage line downstream (north) of 4100 South. The existing system would only convey local
drainage from subbasin Urb8 (10-year 6-hour peak flow of 14.5 cfs) after the improvements are
implemented. Flows from subbasins Urb4, Urb1, Urb2 and Urb3 would be diverted to the
proposed new 36-inch line located at 8400 West.
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Alternative C was discussed during meetings with Salt Lake County and was dismissed because
of the potential cost of easement procurement and disruption to residential properties for
regular maintenance.

Both Alternative A and Alternative B were chosen by the County as viable alternatives to
mitigating existing deficiencies. These alternatives are presented as alternatives in the Capital
Improvement Plan with their respective costs.

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
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.
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ESTIMATED CONSTRUCTION COSTS

Estimated construction costs for the storm drainage pipe lines include manholes, inlets, roadway
repair, curb and gutter replacement, and utility relocation for larger storm drain diameters. It
was assumed that one existing utility would need to be relocated for storm drain diameters
larger than 30-inches, and two existing utilities would need to be relocated for storm drain
diameters larger than 48-inches.

Unit costs for the construction cost estimates are based on conceptual level engineering. Unit
construction costs were estimated based on construction cost indices, communication with
material suppliers, and HAL experience with similar construction. All costs are presentedin 2008
dollars. A detailed cost estimate of each alternative and a unit pipe cost table is provided in
Appendix E.

CAPITAL IMPROVEMENTS PLAN

The master plan Capital Improvements Plan is presented with two alternatives. Alternative Aand
Alternative B presented above are shown with their accompanying costs in Table IV-3 and Table
IV-4, respectively. Figure IV-1 shows the location of each alternative. Because the cost of
Alternative A is the least and remedies more of the identified deficiencies, we recommend
Alternative A as the preferred alternative.

SUMMARY OF RECOMMENDATIONS
General recommendations not included in the Capital Improvements Plan include:

*  Werecommend Alternative A as the preferred alternative. This alternative mitigates
all of the identified deficiencies in the system and is the lowest cost alternative.

*  Werecommend a complete inventory of the storm drainage system (including pipe
location, pipe invert elevations, pipe sizes, inlet locations and other drainage
facilities) be completed.

*  We recommend the consideration of the installation of stream gauging on Coon
and Harkers Creek as well as strategically placed precipitation gauges. This data
will help establish typical snowmelt flows and storm runoff peaks.

*  Future development in Coon and Harkers Canyons should be required to detain
flows from the 100-year storm to historic (presented in this report as Existing) levels.
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TABLE IV-3
Alternative A Capital Improvement Costs

ID LOCATION PROJECT ASSUMPTIONS COST
Danbury Drive from .
1 8300 West 1o 8000 West Install 1,850 feet of new 24-Inch storm drain. $313,000
8000 West from Install 1,100 feet of new 24-inch storm drain.
2 |Danbury Drive to 3660 $186,000
South
3500 South from 8300 |Install 2,000 feet of new 36-inch storm drain, replacing
3 West to 8000 West the existing 18, 24, 27 and 30 inch existing storm drain $542,000
lines in 3500 South.
Engineering (15%) and Contingency (10%) $260,000
ALTERNATIVE A - TOTAL $1,301,000
TABLE V-4
Alternative B Capital Improvement Costs
ID LOCATION PROJECT ASSUMPTIONS COST
Coon/Harkers Creek
1 crossing at Utah and Install 700 feet new 30-Inch storm drain. Acquire 20 foot $217.000
Salt Lake Canal to easement adjacent to the Utah and Salt Lake Canal ’
8400 West
2 8400 West from 3800 Install 1,400 feet of new 30-Inch storm drain. $284.000
South to 3500 South ’
3500 South from 8400 | |nstall 2,700 feet of new 36-inch storm drain., replacing
3 |Westto 8000 West the existing 18, 24, 27 and 30 inch existing storm drain $732,000
lines in 3500 South.
Engineering (15%) and Contingency (10%) $308,000
ALTERNATIVE B - TOTAL $1,541,000
Salt Lake County Coon/Harkers Creek Storm Drainage Master Plan
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APPENDIX A

GLOSSARY AND ABBREVIATIONS




GLOSSARY

10-year storm - The storm event that has a 10% (1 in 10) chance of being equaled or exceeded in any
given year.

100-year storm - The storm event that has a 1% (1 in 100) chance of being equaled or exceeded in any
given year.

Cross dralnage structures - Cross drainage structures convey storm drainage flows from one side of the
street to the other and normally consist of storm drains or culverts.

Deslgn Ralnstorm - A rainfall event, defined by storm frequency and storm duration, that is used to design
drainage structures or conveyance systems.

Detention Basin - An impoundment structure designed to reduce peak runoff flowrates by retaining a
portion of the runoff during periods of peak flow and then releasing the runoff at lower flowrates.

HEC-HMS - A Hydrologic Modeling System developed by the U.S. Army Corps of Engineers.

Initial storm drainage system - The drainage system which provides for conveyance of the storm runoff
from minor storm events. The initial drainage system usually consists of curb and gutter, storm drains, and
local detention facilities. The initial drainage system should be designed to reduce sireet maintenance,
control nuisance flooding, help create an orderly urban system, and provide convenience to urban
residents.

Madjor storm dralnage system - The drainage system that provides protection from flooding of homes
during a major storm event. The major storm drainage system may include streets (including overtopping
the curb onto the lawn areaq), large conduits, open channels, and regional detention facilities.

Maljor storm event - Generally accepted as the 100-year storm. Typically homes should be protected from
flooding in storm events up to a 100-year event.

Minor storm event - Storm event which is less than or equal to a 10-year storm.
Probable Maximum Flood - A flood event with a very low probability, usually less than 0.2%, of being

exceededin any given year. This flood event is used as a design storm when failure of the structure could
cause loss of life.

Retention Basin - An impoundment structure designed to contain all of the runoff from a design storm
event. Retention basins usually contain the runoff until it evaporates or infiltrates into the ground.

Storm Duration - The length of time that defines the rainfall depth or intensity for a given frequency.
Storm Frequency - A measure of the relative risk that the precipitation depth for a particular design storm

will be equaled or exceeded in any given year. This risk is usually expressed in years. For example, a
storm with a 100-year frequency will have a 1% chance of being equaled or exceeded in a given year.




ABBREVIATIONS

acre-feet
cubic feet per second (ft%/s)
corrugated metal pipe
detention basin
detention
East
foot or feet
Geographic Information System
groundwater
Hansen, Allen & Luce, Inc.
identification number
inches
Intermountain Power Project - IPA & Union Pacific facility at 400 N 1550 W
irrigation
North
polyethylene pipe
peak storm water flow in a 10-year event
peak storm water flow in a 100-year event
railroad
South
total
West
with
without
crossing
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[00 lo.571fo.86 {[1.07][1.44][1.79][2.00 |[2.08 ][2.51][2.87|[3.52 |[4.27][5.40 |[6.5 |[7.10 ][8.90 ][11.01][13.66|[15.99]
[ 200 |[0.69 |[1.04|[1.29][1.74 ]2.15 |[2.39][2.46 ||2.65 |[3.21 |[5.85 Jla.72 ][6.02 |[7.24][7.82 |[9.65 |[11.98][14.87][17.28]
[ so0 Jo.87][1.33]).65][2.22][2.75][3.03 |[3.10][3.29|[5.76 ][4.30 f5.35 ][6.89 1[8.26 ][8.79 |[10.65][13.26][16.50][18.98]
1000 J[1.05 ][1.60][1.98 ][2.67 J[3.30 | [3.61 [3.65 ] [3.85 }[4.21 ][a.66 ][5:84 ][7.58 ]{0.08 ][o-56 |[11.41][14.25][17.80][20.30]

Text version of table

T} * These precipitation frequency estimates are based on a parfial duration series. AR is e Average Recumence Inlerval.
I Please refer 10 the dacunsesiazyn for more information, NOTE: Formatiing forces estimales near zero fo sppear as zefo.
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Precipitation Frequency Data Server
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POINT PRECIPITATION
FREQUENCY ESTIMATES

FROM NOAA ATLAS 14
Utab 40.641905 N 112.116803 W 5492 feet

{from "Precapuanon-Frequency Atlas of the Umted States” NOAA Atlas 14, Volume 1. Version 4
G M Bonmin, D. Marin, B Lin, T Parzybok, M. Yekta, and D. Riley
NOAA, Nononal Weather Semvice. Silver Sprine. Maryland. 20006
Exwacied: Thu Oct 11 2007

Seasonality .| Location Maps
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1 l0a3]f0.9][0.24][0.32 |[o.40]

0.51 ||0.60

0.79

1.01](1.26 }}1.45

1.70

2.02

2.50

|l3.06 |[5.71 ||l4.65 |[5.55 |

2 |jo.16][0.24 |[o.30 fjo.a1 Jjo.51 |

(.64 §[0.74

.97

1.23](1.55 Ji1.78

2,10

2.50

2.85 |i3.78 ||4.58 ][5.73 Je.85 |

BE

llo.22 [0.34 |[0.42 Ji0.56 ]j0.69 |

0.83 [[0.95][1.18]

[1.48][1.87 J2.15

J[2.56 ][3.04]

[3.44 Jf4.53][5.48 |[6.82 ][8.14 |

10 J[o.28][0.42][o.52]i0.70 Jj0.87]

tot]iit]

1.36 |

1.70 |[2.13 |[2.47

[2.95

3.50](3.93

[5.11]

6.19 |

7.67 ][9.14 |

25 |[0.36][0.55 J[0.e9]jo.92 J[1.24]

131139

1.64 |

2.02 |[2.48 |[2.89

3.49

4.13

4.58

[5.86]

7.2 |

8.79 |[10.41]

0.84

1.13

1.40

1.58 [[1.65 ][1.87 |

229276 |13.22

392163

5.08 {[6.42|[7.81 |[o.63 |[11.35]

100 {[0.54 ][0.83

1.02

1.38

1.71

1.90][1.96 ][2.13 ]

2.57|]3.04 [3.57

[4.38 ]j5.14][5.60

6.98

8.51 |

10.47|

12.27

200 }0.66[1.00]

[124

|[1.67 12.06]

2.28|[2.33

2.45 |

2.38[3.32](3.92

14.85 |

5.67 |

6.11

7.32

9.19 |

11.29

13.17|

[ 500 |lo.84][1.28]

1.59

2.14

Jl2.04]

2.89 |[2.94 1[3.06 |[3.38][3.71 ][4.90 |[5.50][5.40 |[5.80 |[8.22 ][10.07][12.37]{14.32]

[ 1000 |[1.01 ][1.54 |

1.90

256 ][3.17]{3.45 |[3.50 §[5.59 J{3.79 |[4.00 |[4.78 }[6.02 ||6.97 ] [7.35 |[8.75 |[10.74][13.18]{15.17]

| Textversion of table

Partial duration hased Point Precipitation Frecquencu Estimates Version!
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"t * These precipitation frequency estmates are based on a pattial dwration serigs. ARl is lhe Average Recurrence Inferval.
I Please refer 1o the documsniztiz for more information. NOTE: Farmalting forces esfimates near zero to appear as zera.
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APPENDIX D

MODEL RESULTS




COON/HARKERS CREEK HEC-HMS MODEL

arkers ATK




COON/HARKERS CREEK HEC-HMS MODEL OUTPUT
MOUNTAIN AREA 100-YR 6-HR - URBAN AREA 10-YR 6-HR

Drainage Areq| Peak Discharge Volume (Ad|

Hydrologic Element (mi2) (cfs) Time of Peak fl

Coon/Harkers ATK 0.60 18.4 01Jan2000, 04:12 0.09
Coon/Harkers Lower 0.13 2.9 01Jan2000, 03:18 0.07
Detention 20.65 8.8 01Jan2000, 07:00 0

J-1 20.05 184.1 01Jan2000, 05:54 0.03
R-1 6.86 0 01Jan2000, 00:00 0

R-2 12.71 54.6 01Jan2000, 06:30 0.01
R-3 7.34 137.1 01Jan2000, 05:42 0.06
R-4 2.01 0 01Jan2000, 00:00 0

R-5 20.65 8.6 01Jan2000, 07:00 0

R-6 21.08 43.2 01Jan2000, 03:24 0.01
R-7 0.26 47.2 01Jan2000, 03:12 0.55
R-8 21.08 43.1 01Jan2000, 03:30 0.01
R-9 21.69 135.4 01Jan2000, 03:36 0.02
Sub - Coon Lower 2.76 23.7 01Jan2000, 05:42 0.03
Sub - Coon Middle 3.09 31.8 01Jan2000, 06:06 0.03
Sub - Coon Upper North 3.27 0 01Jan2000, 00:00 0

Sub - Coon Upper South 3.59 0 01Jan2000, 00:00 0

Sub - Harkers Lower 3.50 136.8 01Jan2000, 05:00 0.14
Sub - Harkers Middle 1.83 2.7 01Jan2000, 06:36 0

Sub - Harkers Upper 2.01 0 01Jan2000, 00:00 0

Urb1 0.05 7.7 01Jan2000, 03:12 0.4
Urb10 0.08 10.2 01Jan2000, 03:06 0.45
Urb11 0.11 6.1 01Jan2000, 03:00 0.21
Urb12 0.07 16.4 01Jan2000, 03:18 0.65
Urb13 0.09 19 01Jan2000, 03:18 0.59
Urb2 0.05 6.5 01Jan2000, 03:06 0.43
Urb3 0.04 7.1 01Jan2000, 03:00 0.55
Urb4 0.06 5.6 01Jan2000, 03:00 0.35
Urb5 0.07 9.4 01Jan2000, 03:00 0.48
Urb6é 0.02 8.1 01Jan2000, 03:00 1.14
Urb7 0.0941 15.3 01Jan2000, 03:00 0.49
Urb8 0.0984 14.5 01Jan2000, 03:06 0.5
Urb9 0.0805 14.6 01Jan2000, 03:00 0.54




APPENDIX E
COST ESTIMATES
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