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NEFFs CREEK DEBRIS BASIN STuDY

EXECUTIVE SUMMARY
INTRODUCTION

The purpose of the Neffs Creek Debris Basin Feasibility Study is to evaluate the feasibility of
constructing a debris basin or other protective measure at the mouth of Neffs Canyon with the goal
of eliminating the alluvial fan flood hazard that was recently developed by FEMA in this area. This
study has been completed in accordance with FEMA, Utah Dam Safety Guidelines, and Utah State Rule
R655-11 requirements. The funding for this feasibility study was provided through a FEMA Pre-
Disaster Mitigation (PDM) grant. The principal objective of this study is to identify recommended
flood control improvements and other actions that can mitigate the alluvial fan hazards on the Neffs
Canyon alluvial fan. The results and recommendations of this study will be used to obtain funding for
the future design and construction of the recommended alternative. An area map showing the project
location is shown in Figure E-1. As Figure E-1 indicates, any feasible debris basin will need to be
constructed on U.S. Forest Service land, between Federal Wilderness area and developed private

property.

HYDROLOGIC AND HYDRAULIC ANALYSES

A detailed hydrologic analysis was performed as part of this study (as detailed in Section 2.0) to
define the hydrologic design parameters for potential alternative improvements that include
construction of a debris basin at the apex of the alluvial fan. This was an important part of the study
because it was determined that the magnitude of the one-percent-annual-chance flood (commonly
known as a 100-year flood) that was used to develop the alluvial fan flood hazards on the FEMA Flood
Insurance Rate Map and adopted in November 2021 is almost three times higher than is justified.
After coordinating with FEMA, Salt Lake County, Utah Division of Emergency Management, and
Millcreek officials, it was determined that a request to FEMA to revise the magnitude of the 100-year
flood numbers is justified. It is proposed to reduce the magnitude of the 100-year flood from 300
cubic feet per second (cfs) to 107 cfs. The magnitude of this discharge impacts the estimated volume
of debris yield during a 100-year flood as well as the size of conveyance facilities needed downstream
of any recommended debris basin located near the apex of the alluvial fan.

Hydraulic analyses were also performed to determine if the use of the reduced value of the 100-year
flood could have a significant impact on the flood hazards shown on the new FEMA Flood Insurance
Rate map for the Neffs Creek alluvial fan. It was determined that flow depths and velocities would be
lower, but that the alluvial fan flood hazard boundaries and associated regulatory requirements
would remain the same for properties in the newly mapped floodplain.

DEBRIS BASIN ALTERNATIVES

Two types of debris basins were considered in this study: an above-ground dam that would create a
debris basin, and a below-grade storage facility. In either case, it was assumed that runoff from the
100-year flood would flow through the basin without storing any water. It should be noted that the
regulatory design requirements for a debris dam at this location will be much more onerous than a
below-grade debris basin. There is only one area where the construction of a debris basin was
considered. It is on U.S. Forest Service land between Federal Wilderness Area and private developed
land, as shown in Figure E-1.

SUPPLEMENTAL STUDIES

A Preliminary Geologic/Geotechnical Analysis was performed as part of this study to identify
possible geologic and geotechnical hazards and issues at the proposed debris basin site and to
provide information on what additional geologic and geotechnical work may be needed during the

BOWEN COLLINS & ASSOCIATES
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NEFFs CREEK DEBRIS BASIN STuDY

final design stage of the project. No fatal flaws or issues that would prevent the construction of a
debris basin in the preferred location were identified. The results of this analysis are summarized in
Section 3 of the final report.

A Preliminary Debris and Sediment Volume Assessment was performed to estimate the volume of
sediment and debris that would be expected to mobilize during a 100-year flood event with normal
watershed conditions. It was estimated that a 100-year flood could produce up to 8 acre-feet of debris
and sediment. However, the debris volume estimate would increase substantially if a large portion
of the Neffs Creek drainage basin were to be burned by a wildfire. The details of this analysis are
summarized Section 4.0 of the final report. Ultimately, it was recommended that a debris basin be
constructed to hold as much debris as is practicable based on the site constraints.

ALTERNATIVES ANALYSIS

Multiple alternatives to eliminate the mapped alluvial fan flood hazards were evaluated (as detailed
in Section 5.0) using the results of the hydrologic, geologic and geotechnical, and debris volume
analyses. The flood mitigation alternatives included constructing either a dam or below-grade debris
basin to collect debris and to direct runoff from Neffs Canyon into a pipe or open channel that would
ultimately convey the runoff to a point where it would discharge into the existing Neffs Creek storm
drain pipe near Wasatch Blvd. Each alternative that was evaluated met the following design goals
and project constraints:

Safely convey runoff from the 100-year flood through the debris basin and the project area
Avoid construction impacts in the Federal Wilderness Area

1
2
3. Do not impact existing homes and structures on private property
4

Meet U.S. Forest Service requirements for construction improvements on U.S. Forest Service
land (Permitting, etc.)

5. Coordinate the construction of the Neffs Creek debris basin with planned improvements to
the Neffs Canyon trailhead parking lot expansion project and desired associated wildfire
fighting facilities that include a public restroom, helipad and heliwell

6. Maintain the existing active Neffs Creek channel through the neighborhood and limit peak
discharges into that channel to about 15 cfs to limit downstream flood potential

7. Address geologic/geotechnical issues during final design, including:
e Wasatch Fault
e Landslide Potential
e Regulatory Issues (Dam Safety).

8. Obtain FEMA conditional approval that the revision to the magnitude of the 100-year flood
is acceptable for the basis of design and that the recommended improvements, if
constructed, will eliminate the alluvial fan flood hazard that is shown on the new flood
insurance rate maps recently adopted by FEMA.

The elements of the recommended alternative (Alternative #3) are shown schematically in Figure E-
2 and summarized in Table E-1. This alternative, the most feasible and least-cost alternative, has a
conceptual cost estimate of about twenty million dollars.

BOWEN COLLINS & ASSOCIATES
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Table E-1. Summary of Recommended Flood Mitigation Improvements

No.

Description of Improvement

Construct about a 9 acre-ft below-grade debris basin between the Federal
Wilderness area boundary and the residential properties along Zarahemla Drive.

11

Construct a diversion structure on the existing active Neffs Creek channel to
divert runoff in excess of 15 cfs into the new debris basin.

II1

Construct an armored channel to convey runoff from the diversion from the
existing Neffs Creek channel to the debris basin and to the debris basin outlet
structure.

vV

Construct an armored channel to convey runoff from the historic Neffs Creek
channel into the debris basin and to the debris basin outlet structure.

Construct an outlet/primary overflow structure on the debris basin that
discharges into a pipe that will convey up to 228 cfs (the 500-year flood) to the
intersection of Zarahemla Drive and Mathews Way.

VI

Construct an emergency spillway on the debris basin that discharges into the
historic channel that currently terminates at Zarahemla Drive.

VII

Construct a new storm drain that will convey at least 107 cfs (the 100-year flood)
from the intersection of Zarahemla Drive and Mathews Way through public
streets in several Millcreek neighborhoods before discharging into the Neffs
Creek storm drain near Wasatch Blvd.

VIII

Use material from the detention basin excavation to backfill the old reservoir
east of the Neffs Canyon trailhead parking lot as part of the parking lot expansion
project.

IX

Revegetate all areas disturbed during construction.

A conceptual rendering of the recommended below-grade debris basin is included in Figure E-3.

Implementing the recommended project improvements may require acquisition of some easements
for the new pipeline that will convey runoff from the debris basin to Zarahemla Drive.

COORDINATION

Due to the location and complexity of designing, permitting, and constructing the recommended
project improvements, multiple coordination meetings with different agencies were conducted
during this study. A summary of agency coordination that has been and will be performed during
final design and construction phases is summarized below.

e U.S. Forest Service coordination and approval will be paramount on this project, as the
recommended debris basin is located on public lands that they manage. Millcreek and design
team members have coordinated with U.S. Forest Service personnel. The project seems
feasible from their perspective. U.S. Forest Service staff stated that the proper NEPA process
would need to be followed, some agreements and permits would need to be obtained, and
coordination regarding the construction of the Neffs Canyon Trailhead improvements that
include a public restroom, a helipad, and a heliwell will need to be coordinated. Construction
and funding of the desired trailhead and wildfire fighting facilities will be a separate project.
BRIC Grant funds are not being requested for these trailhead project improvements.

e Salt Lake County coordination will also be required as Neffs Creek is a County flood control

facility.

BOWEN COLLINS & ASSOCIATES
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e A submittal to FEMA will be required before final design to approve that the proposed design
parameters of the recommended facilities are acceptable to accomplish the goal of
eliminating the alluvial fan flood hazards in the area.

e A post construction submittal to FEMA will be required to request that the alluvial fan flood
hazards shown on the existing flood insurance rate map be eliminated.

e A public meeting was held on December 15, 2021 to present the findings and
recommendations of this study to determine if residents in the area are supportive of the
recommended flood mitigation improvements. All that participated in the meeting expressed
general support of the project and its objectives. Additional public involvement will also be
required during final design and construction.

FUNDING AND STUDY LIMITATIONS

The final report includes a brief summary of potential funding sources that may be able to help fund
the design and construction work associated with the recommended improvements. These include
FEMA, the State of Utah, NRCS, and others. City staff are currently evaluating alternatives.

Limitations of this feasibility study are discussed in Section 10 of the report. The biggest limitation is
that the debris basin does not have capacity to store debris from a burned watershed condition. Also,
it should be noted that this is a feasibility study that is fairly general in nature. Small revisions can be
expected to some of the recommended design features as the project advances through the
permitting and final design stages.
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NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

1 INTRODUCTION

1.1 PURPOSE OF PROJECT

The purpose of the Neffs Creek Debris Basin Feasibility Study is to evaluate the feasibility of
constructing a debris basin or other protective measure at the mouth of Neffs Canyon with the goal
of eliminating the alluvial fan flood hazard that was recently developed by FEMA in this area. This
study has been completed in accordance with FEMA, Utah Dam Safety Guidelines, and Utah State Rule
R655-11 requirements. The funding for this feasibility study was provided through a FEMA Pre-
Disaster Mitigation (PDM) grant. The principal objective of this study is to identify recommended
flood control improvements and other actions that can mitigate the alluvial fan hazards on the Neffs
Canyon alluvial fan. The report documents the results of hydrologic, geologic/geotechnical, and
debris flow analyses associated with a site on U.S. Forest Service (USFS) Land, located at the apex of
the alluvial fan, east of existing development, and west of the Federal Wilderness Area boundary. The
results and recommendations of this study will be used to obtain funding for the future design and
construction of the recommended alternative.

1.2 SITE LOCATION

Millcreek, Utah is located on the east side of Salt Lake County with Neffs Canyon being located on the
west face of the Wasatch Mountains. The proposed project site is located on USFS land between
Federal Wilderness Area property and the residential properties in the surrounding Olympus Cove
neighborhood. The project location is shown in Figure 1-1.

1.3 BACKGROUND AND HISTORY OF FLOODING

The portion of Millcreek located near the mouth of Neffs Canyon has experienced flooding from Neffs
Creek in the past due to runoff from intense rainfall or snowmelt events. In early May 2019, a spring
runoff event resulted in shallow flooding on a large area below the mouth of Neffs Canyon. The
flooding was caused by debris that accumulated on some logs that were placed across the main Neffs
Creek channel by hikers. The debris created a flow restriction that diverted water out of the active
main creek channel into an inactive historic channel. More than 50 years ago, the existing active main
channel was constructed on the hillside, south of the natural historic channel located at the
topographic low point of the drainage near the mouth of Neffs Canyon. From the diversion point
downstream, the bottom of the newer channel is higher in elevation than the historic channel. The
historic channel that is currently generally inactive traverses behind some homes and terminates at
Zarahemla Drive where there are no storm drains or flood control facilities to collect and manage
runoff from the natural watershed. The newer active Neffs Creek channel runs through yards and
under roads in the Mount Olympus neighborhood and discharges into a storm drain that runs under
[-15 and continues west through Holladay before discharging into Big Cottonwood Creek. During the
May 2019 event, shallow flooding was experienced in yards and streets. The flooding was caused
more by the water diverted out of the creek by the debris than by the peak discharge in the creek.
However, during other recent significant runoff, water has also overtopped the north bank of the
existing active main channel in this area and flowed into the lower historic channel that terminated
at Zarahemla Drive. The area where water has left the current main channel is located on Federal
Wilderness Area land that is managed by the U.S. Forest Service, thus it is difficult to access and
maintain because no motorized equipment is allowed in a Wilderness Area.

The area downstream of the mouth of the canyon is mostly built out or developed and many of the
roads no not have traditional curb and gutter or storm drain facilities. Many homes also have
driveways that slope from the street to the house. Due to the lack of curb and gutter and the down-
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sloping driveways in the area, the roadways do not have adequate storm water runoff conveyance
capacity. Those homes and structures with down-sloping driveways and those without curb and
gutter are more susceptible to shallow flooding.

The active alluvial fan below the mouth of Neffs Canyon was recently studied by the Federal
Emergency Management Agency (FEMA) to better define the alluvial fan flood hazards in the area.
The updated Flood Insurance Rate Map (FIRM) Panels (49035C0316H and 49035C0317H) went into
effect in November 2021. In the new FIRM maps, Neffs Canyon is categorized using three different
flood designations for active alluvial fans: Zone A (higher risk), Zone AO (moderate risk), and Shaded
Zone X (lower risk). The Zone A areas, predominantly located highest (uphill) on the fan, could
experience the highest water levels (depths) and water velocities during a flood. The Zone AO areas
are defined by flooding with lower water depths and velocities. The Shaded Zone X areas have the
lowest risk for alluvial fan hazards. For properties in Zone A and Zone AO, homeowners will be
required to purchase flood insurance if those structures are financed by federally backed mortgages.
Although properties in the Shaded Zone X areas will not be subject to federal flood insurance
requirements, flood insurance is strongly recommended for structures in these areas, as alluvial fan
flooding is so unpredictable.

In addition to the flood insurance requirements, several restrictive building requirements (i.e., no
walk out basements, remodels must be less than 50% of fair market value of the structure or the
entire structure must be updated to meet current FEMA flood zone requirements, and new
construction must meet FEMA building restrictions) result from being in an active alluvial fan. The
new FIRM maps in association with National Flood Insurance Program requirements and current
building codes have an impact that results in the United Fire Authority (UFA) Station 112 not being
able to replace their fire station on its current site since it is currently located in an alluvial fan Zone
AO FEMA designated Special Flood Hazard Area (SFHA).

The only feasible way to remove the alluvial fan flood hazards from the FEMA FIRM is to design and
construct a structural flood mitigation facility at the apex of the fan which will collect runoff and
debris and remove the flood flow path uncertainties associated with alluvial fans. This can be done
by conveying runoff from the canyon and flood mitigation facility across the alluvial fan in an
enclosed storm drain pipeline.

BOWEN COLLINS & ASSOCIATES
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NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

1.3.1 PREVIOUS STUDIES AND EXISTING DATA
1.3.1.1 2007 Salt Lake County Study

In 2007, Salt Lake County commissioned the “Neffs Canyon Creek Master Plan” by Hansen Allen and
Luce (HAL). The purpose of that study was to develop conceptual mitigation options to help mitigate
the alluvial fan flooding hazards in the area. Geotechnical, hydrological and hydraulic analyses were
performed. The study concluded that the area sits on an alluvial fan and recommended that a debris
basin be constructed at the mouth of Neffs Canyon to mitigate the alluvial fan flood hazards. A 100-
year flood discharge estimate of 300 cfs was developed for a point at the mouth of the Neffs Canyon.
The amount of potential debris, debris basin sizing, and channel improvements were also estimated.
The recommendation for that conceptual design study was to design and construct a debris basin
that would convey the 100-year flood through the basin with no detention and to construct
downstream facilities to convey the 100-year flood through the developed area. This study will be
referred to as the 2007 County Study and is included in Appendix A.

1.3.1.2 2016 FEMA Study

In 2016, the firm JE Fuller Hydrology and Geomorphology performed work associated with the Neffs
Creek Flood Hazard Assessment for FEMA and developed alluvial fan floodplain mapping using a 2D
model. They were directed to utilize the 100-year discharge developed in the 2007 County Study as
the basis of the floodplain analysis. New FEMA Flood Insurance Rate Maps (FIRM) developed from
that work became effective November of 2021. The new FIRM defines a larger alluvial fan floodplain
in the area than existed previously, impacting a large number of existing structures in Millcreek. This
study is included Appendix A.

1.3.1.3 2020 CRS Study

In March of 2020, the firm CRS Engineers performed an independent engineering review of the 2016
FEMA study. The purpose of the review was to determine if the study followed the FEMA Guidance
for Flood Risk Analysis and Mapping Alluvial Fans. The conclusions from the independent review
were that the 2016 study followed all FEMA guidance standards except for the hydrology which if it
did, would lower the discharge being used for the study area from 300 cfs to 107 cfs. This study is
included in Appendix A.

1.3.1.4 Existing Data

The hydrologic and alternatives analyses performed as part of this study utilized the data presented
in Table 1-1. Additional data along with information from the geotechnical, geologic, and debris flow
analyses were performed to supplement the existing data and provide more details than were
provided as part of the previous studies.
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Table 1-1. Study Data Sources

Data Source Description
Utah Automated
LiDAR Geographic Reference
Center, (AGRC) 2013

1-meter resolution bare-earth digital terrain
model (DTM) data set of Wasatch Front.

Aerial imagery was used for the background

of the figures and drawings and to determine

existing land uses for hydrologic models

Soil Survey Geographic Database (SSURGO)

Soil Data NRCS Web Soil Survey | mapping data used to determine Hydrologic

soil type for hydrologic models

Hydrologic analysis of spillway, and as-builts

Utah Dam Safety, FEMA | of inlet structures and spillways. Used to
Guidance evaluate the capacity of the channel and

structures.

The National Land Cover Database (NLCD)

provides nationwide data on land cover and

Land Cover Type NLCD 2016 land cover change at a 30m resolution with a

16-class legend based on a modified

Anderson Level Il classification system.

For this report the elevations are based on

Hexagon 30cm, via Utah

Aerial Imagery AGRC. 2021

Hydrologic Analysis

Elevation Datum NAVD 88 NAVD 88.
Reports used to gather relevant information
Previous Studies Millcreek of the Neffs Canyon Drainage area: 2007 Salt
and Reports Lake County Study, 2016 FEMA Study, and
the 2020 CRS Study.

1.4 TYPES OF FLOOD MITIGATION ALTERNATIVES TO BE EVALUATED

Multiple alternatives (see Section 5) were evaluated that could potentially mitigate the recurring
flooding and existing debris flow hazards associated with the Neffs Creek alluvial fan. These
alternatives would allow for the Neffs Creek alluvial fan flood hazards on the new FEMA FIRM to be
removed. The alternatives considered include the construction of some type of dry detention/debris
basins on U.S. Forest Service land to capture debris from a large runoff event. Both a below-grade
debris basin and a dam debris basin were considered as alternatives as part of this analysis.

In addition to the construction of a debris basin, multiple alternatives were also evaluated regarding
how to convey stormwater safely downstream through the developed neighborhood. One alternative
included conveying runoff via a new storm drain pipeline under existing public streets before
discharging back into Neffs Creek Channel near Wasatch Boulevard. Another included conveying the
runoff through a storm drain pipeline part of the way and then utilizing an improved open channel
to convey runoff to the existing Neffs Canyon storm drain pipe near Wasatch Boulevard. The 2007
County Study examined at a dam and associated open channel improvements and indicated that the
existing Neffs Creek channel would need extensive improvements, such as culvert upsizing and
channel enlargement to successfully convey the 100-year storm event safely.
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2 HYDROLOGY ANALYSIS

2.1 INTRODUCTION

In accordance with Utah Dam Safety Guidelines (Rule R655-11 of the Utah Administrative Code) and
FEMA guidelines, BC&A developed detailed hydrologic computer models of the Neffs Canyon
drainage area for use in evaluating alternatives with various debris basin sizes, spillway discharges,
and other mitigation options. The hydrologic analyses included developing several hyetographs for
different storm durations, routing computed runoff hydrographs through potential detention or
flood retarding facilities, and computing the Inflow Design Flood (IDF) for the project site. The
models were developed using the Hydrologic Engineering Center Hydrologic Modeling System (HEC-
HMS) computer software.

This was an important part of the study because it determined that the magnitude of the one-percent-
annual-chance flood (commonly known as a 100-year flood) that was used to develop the alluvial fan
flood hazards on the FEMA Flood Insurance Rate Map and adopted in November 2021 is almost three
times higher than is justified. The development of the various parameters and elements of the model
are discussed in detail in the sections that follow.

2.1.1 GENERAL HYDROLOGIC DESIGN REQUIREMENTS (FEMA VS DAM SAFETY)

If a debris basin is constructed at the mouth of Neffs Canyon, it could include a dam embankment to
impound water and debris. Due to its proximity to homes and development, such a dam would likely
be classified as a High Hazard Dam by the Utah State Engineer and would have to be designed to meet
minimum State dam safety criteria for high hazard facilities. Per Utah Dam Safety and Rule R655-11
(requirements for the design, construction, and abandonment of dams), two theoretical probable
maximum precipitation (PMP) events must be evaluated: a 6-hour local storm and a 72-hour general
storm (see Section 2.4 for more information). A high hazard dam must be designed not to fail for the
larger of those two events.

Additionally, the rainfall events with return periods from 10- to 500-years based on 6-hour design
storm criteria were also simulated to evaluate associated flood hazards on the alluvial fan. A 6-hour
storm event was chosen to serve as the basis of developing a hydrograph for a 100-year flood, similar
to what has been done in other streams in the area that have been studied by FEMA and Salt Lake
County. Itshould be noted that the effective FEMA study 100-year flood discharges for nearby creeks
(Mill Creek, Big Cottonwood Creek, and Little Cottonwood Creek) are based on 3-hour storm events.

In total, eleven storm events (see Table 2-1) with various durations and rainfall temporal
distributions were evaluated to meet various FEMA and Utah Dam Safety requirement associated
with the design and construction of dams and flood control facilities.

Table 2-1. Summary of Critical Storm Precipitation Inputs

6-Hour Storms 24-Hour Storms
Local PMP (AMC II) 9 100-year (AMC III))
Local SEP (AMC II) 72-Hour Storms
10-year (AMCII) 10 General PMP (AMC II)
25-year (AMCII) 11 General SEP (AMC II)

50-year (AMCII)
100-year (AMCII)
100-year (AMC III)
500-year (AMCII)

V(N[ D[ W|IN |-
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2.2 DRAINAGE BASIN CHARACTERISTICS

The Neffs Canyon drainage area at the canyon mouth contains about 2,300 acres (3.7 square miles),
with an average basin elevation of 7,800 ft and an average basin slope of 60.5 percent based on
information obtained using the USGS StreamStats online website. The ground cover in the Neffs
Canyon watershed is composed of Juniper, Oak-Aspen, and herbaceous vegetation. The drainage area
is also almost entirely comprised of public land managed by U.S. Forest Service (see Figure 1-1) and
has two different flow paths. The current active Neffs Creek channel appears to be man-made, and
was constructed on the hillside. The original historic Neffs Creek channel is located at the topographic
low point of the canyon which conveys runoff from any flow breakouts from the current active creek
channel to Zarahemla Drive where the historic channel, which is fairly small and ill-defined, currently
terminates.

2.2.1 SUBBASIN BOUNDARIES

Utilizing the data sources listed in Table 1-1, along with observations obtained from field
investigations, the drainage boundaries of the study area were determined. The Neffs Canyon
drainage basin (or watershed) boundary is shown on Figure 2-1.

2.3 ALTERNATIVE DESIGN STORM CRITERIA AND RESULTS
2.3.1 PRECIPITATION DEPTH AND DISTRIBUTION

Design storm depths, except for the PMP, were obtained from the NOAA Precipitation Frequency Data
Server (PFDS) which reports total storm depths for a specific geographic location based on NOAA
Atlas 14 for various storm durations and recurrence intervals. For the purposes of this project, a large
storm concurrently raining over the entire drainage basin was used for hydrologic modeling
purposes. The extent of the considered design storm was approximated by the elliptical area shown
on Figure 2-2, which has an area of 7.8 square miles. Storm depths were obtained from the NOAA
precipitation grid data with the mean value for the watershed. Mean storm depth estimates for
recurrence intervals from 10- to 500-years for a 6-hour storm event and 100- to 500-years for the
24-hour storm event are presented in Table 2-2.

Table 2-2. Standard Storm Depths

Recurrence Interval (year)
Description 6 hour 24 hour
10 25 50 100 500 100
NOAA Atlas 14 Mean Depth (in) 1.68 2.01 | 529 | 2.60 3.70 4.07
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NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

2.3.1.1 Areal Reduction

The NOAA Atlas 2 (1973) recommends a storm-centered areal reduction (ARF) of 0 to 15 percent for
6-hour storm cells ranging from 0 to 100 square miles in area. These factors, however, are based on
data from thunderstorms in the Midwest rather than those typical to the Salt Lake Valley. The results
of a more locally pertinent depth-area precipitation analysis were taken from the Salt Lake City
Hydrology Manual (1993). This method was used in this study to be consistent with the 2007 County
Study and other recent FEMA studies in the county. The manual recommends the following
precipitation depth-area relationship for a thunderstorm, with area in square miles:

6-hour Reduction Factor = 0.01*(100 - 3.5*Area”0.46) Eq2.1

1-day Reduction Factor = 0.01*(100 - 2.0*Area”0.46) Eq2.2

This relationship is based on data from Project Cloudburst, a study completed by the U.S. Army Corps
of Engineers in April 1979. That study involved collection of data from a network of rain gages in Salt
Lake City and vicinity covering an area of roughly 350 square miles. The storm cell over the
watershed is approximately 7.8 square miles which would have a ARF of 0.91 for the 6-hour design
storm and 0.95 for the 24-hour design storm. The ARF rainfall depths are provided in Table 2-3

2.3.1.2 Seasonal Reduction

Rainfall Depths in NOAA Atlas 14 include all precipitation events, including snow which does not
typically generate immediate runoff. To better estimate a rain precipitation event, an additional
seasonal adjustment was made to the areal adjusted precipitation depths. NOAA Atlas 2 (which was
superseded by Atlas 14) includes separate point precipitation estimates for annual data and for a
subset of seasonal data occurring between the months of May and October.

For each storm recurrence interval, the ratio of the NOAA Atlas 2 seasonal depth to the annual depth
was computed and used to convert the Atlas 14 derived, areal adjusted depths to a final estimated
rainfall depth. The seasonal adjustment ratio and final adjusted rainfall depths are provided in Table
2-3. Calculations to determine the seasonal adjustment factor are provided in Appendix B.

Table 2-3. Final Standard Storm Depths

Recurrence Interval (year)
Description 6 hour 24 hour
10 25 50 100 500 100
NOAA Atlas 14 Mean Depth (in) 1.68 2.01 | 529 | 2.60 3.70 4.07
Areal Adjusted Depth (in) 1.53 1.83 | 2.08 | 2.37 3.37 3.86
Seasonal Adjustment (%) 89 90 91 92 94 94
Final Adjusted Design Depth (in) 1.36 | 1.65 1.90 | 2.18 3.16 3.63
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2.3.2 PMP AND SEP FOR DAMS

The Probable Maximum Precipitation (PMP) for the local 6-hour and general 72-hour storm depths
along with their distributions are normally obtained by following the procedures from the
Hydrometeorological Report 49 (HMR49) which covers the Colorado River and Great Basin
Drainages and includes Utah and surrounding areas. The State of Utah has published two additional
reports that modify the HMR49 values. Those two studies are titled “Probable Maximum
Precipitation Estimates for Short-Duration, Small-Area Storms in Utah” (USUS) and “2002 Update for
Probable Maximum Precipitation, Utah, 72-Hour Estimates, Area to 5,000 mi*” (USUL). The
precipitation values developed from HMR49 and supplemented by USUS or USUL, are referred to as
local and general Spillway Evaluation Precipitation (SEP) values and include an areal reduction. The
developed PMP and SEP values for the 6-hour and 72-hour general and local storms are shown in
Table 2-4. Once the critical SEP has been determined, it will be compared to the 100-year, 6-hour (for
local storms) or the 100-year, 24-hour (for general storm).

Table 2-4. PMP and SEP Storm Precipitation Depths

. Precipitation Depth (inches)
Storm Duration PMP? SEPZ
6-hour3 8.6 8.0
72-hour 16.26 16.21

Notes:
1. The precipitation depths were generated using HMR49 only.
2. The precipitation depths were generated using HMR49 along with USUL (72HOUR) and USUS (6 HOUR).

2.3.3 DESIGN STORM DISTRIBUTION

The selected design storm distribution for the standard 6-hour design storms were based on the
Quartile 2, 50 Percentile Convective Storm Pattern found in the NOAA Atlas 14 Semi-Arid Region
documents. The 6-hour local storm and 72-hour general storm were developed using the methods
identified in HMR49 and State of Utah standards. These unit rainfall distributions were used with the
storm depths adjusted for area and seasonality as described above and provided in Appendix B.

2.3.4 DEVELOPMENT OF HYDROLOGIC PARAMETERS
2.3.4.1 Curve Number

Runoff Curve Numbers (CN) were estimated for the Neffs Canyon drainage basin based on soil type
and land use/vegetative cover. Hydrologic soil group (HSG) maps were obtained from the NRCS Soil
Survey Geographic (SSURGO) dataset and are shown on Figure 2-3.

Land use or vegetative cover was determined by inspection of aerial imagery, conducting field
observations, and using the USGS National Land Cover Dataset (NLCD) mapping data. Land use
descriptions from the NLCD data were related to similar land cover descriptions in TR-55. A map of
land uses and vegetative cover present within the study area are shown on Figure 2-4.

Using GIS software, the composite CN representing the drainage basin was calculated on a weighted
area basis. The CNs used for hydrologic soil-cover complexes were based on information from TR-55
and are summarized in Table 2-5 The initial calculated composite curve number for the sub-basin
(before calibration) in the study area is provided in Table 2-6 with the calculations shown in
Appendix B.

BOWEN COLLINS & ASSOCIATES
MILLCREEK CITY 18



NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

Table 2-5. Curve Numbers for Hydrologic Soil-Cover Complexes

. Hydrologic Soil Group
Land Use/Vegetative Cover A B C D
Deciduous Forest, Oak-Aspen (Fair) 48 48 57 63
Evergreen Forest, Juniper (Fair). 58 58 73 80
Grassland/Herbaceous, Sagebrush (Fair) 51 51 63 70
Mixed Forest, Juniper (Poor) 75 75 85 89
Shrub/Scrub, Oak-Aspen (Poor) 66 66 74 79

2.3.4.2 Estimate of Initial Abstraction

Initial abstraction is the fraction of the storm depth after which runoff begins and is governed by the
following equation:
Where,
I, = Initial abstraction (in.)
S = potential maximum soil moisture retention (in.)

This relationship is based on empirical relationships between infiltration, surface depression
storage, interception, and evapotranspiration. The potential maximum soil moisture retention, S, is
related to CN (NRCS 2004) and can be estimated using the following equation:

=—— 1 Eqg24
S N 0 q
The preceding equations were used to compute the starting (before calibration) initial abstraction
value shown in Table 2-6.

2.3.4.3 Transform Method

As was done in the 2007 County Study, the lag time was calculated using the regression equation
from the M.] Simas and R.H. Hawskins “Lag Time Characteristics for Small Watersheds in the U.S.”
study. This method requires the basin area, slope, and curve number characteristics:

Tag = -0051 x width®™ x slope™'® x §,,*'® Eq2.5

lag nat

where

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

The flow length was estimated using GIS computer tools and the elevations were taken from the
digital terrain model. The basin characteristics and resulting lag time for the single subbasin are
provided in Table 2-6.

Table 2-6. Summary of Initial Drainage Basin Hydrologic Parameters

Drainage Area Composite Lag Initial
Curve Time | Abstraction

Number (min) (inches)

Watershed Max Min Elev
Sq. ft $q. mi. Length Elev (ft) (ft)

102,310,000 3.7 17,500 9675 5634 66 110 1.0
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NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

2.3.5 DESIGN STORM MODEL CALIBRATION
2.3.5.1 Flood Frequency Analysis

A flood frequency analysis is the preferred method for estimating the magnitude and return
frequency of peak flows from gaged watersheds. However, no stream flow gage is present in Neffs
Canyon. There are some stream gages in other nearby watersheds that can provide insight on
reasonable ranges for peak 100-year flood discharges. In 2020, CRS Engineers performed a study to
analyze the discharge in Neffs Creek and nearby gages were selected to run a flood frequency
statistical analysis following the procedures in Bulletin 17C. Although the areas for the peak
discharges of the three gages shown in Table 2-7 are larger than Neffs Creek (3.67 square miles), they
provide insight on the range of reasonable values that can be expected for Neffs Creek. Additionally
in 2007, BC&A completed a study for Alpine City that referenced published flow frequency values
that were obtained using the methods outlined in the older Bulletin 17B document for the multiple
stream gages throughout the Wasatch Front, including the three by CRS. The results from the 2007
BC&A study are graphically shown Figure 2-5 below and were updated to include the CRS study
results.

2.3.5.2 Regression Analysis

The USGS has developed regional regression equations for estimating peak discharge rates in un-
gaged watersheds throughout Utah. The regression equations are based on peak flow frequency
analyses conducted on gaged watersheds throughout the state. The USGS published equations in
1994 under the National Flood Frequency program (NFF) and again in 2008 under the National
Streamflow Statistics program (NSS). Both the NFF (Region 4) and NSS (Region 2) equations were
applied to the study drainage basin for the 100-year event and NSS (Region 2) for the 500-year event.
A drainage area of 3.67 square miles and an elevation of 7,800 was used in the equations. A summary
of the regression equation estimates for the flood events are provided in

and graphically shown on Figure 2-5. The NSS equations were also applied to the same creeks with
stream gages for comparison purposes and are shown in Table 2-9.

Table 2-7. Nearby Stream Gage Statistical Analysis Peak Flows (CRS 2020)

Watershed 100-year Low
Stream Location Area Years of Peak Confidence | High Confidence
Name . Record Discharge | Limit (0.16) | Limit (0.84) (cfs)
(mi2)
(cfs) (cfs)
. Canyon 1899-Curent
Mill Creek Mouth 21.7 (107 Peaks) 150 134 171
Emigration Canyon 1902-
& y 18.4 Current (92 160 135 202
Creek Mouth
Peaks)
Red Butte
RedButte | peservoir, 7.25 19642019 1 444 90 157
Creek (56 Peaks)
Fort Douglas

BOWEN COLLINS & ASSOCIATES
MILLCREEK CITY 22



NEFFs CANYON DEBRIS BASIN ALTERNATIVES ANALYSIS

Table 2-8. Regression Analysis Peak Runoff Rates

100-year Low High
. Mean :
Drainage . Peak Confidence | Confidence
Event Method Basin | . .. TF
Area Elev Discharge Limit Limit
) (cfs) (0.16) (cfs) | (0.84) (cfs)
10-year NSS 55 29 84
25-year NSS 70 36 106
50-year NSS 91 46 137
3.67 7,800
100-year NSS 107 54 161
500-year NSS 156 81 237
100-year NFF 154 82 236
2.3.5.3 Calibration to Previous Studies

Another option for calibrating model results or performing a reasonableness check in absence of
stream gage data is to use results from previously published hydrologic studies. The most recent
hydrology study completed on Neffs Creek is the 2007 County study as discussed previously. That
study utilized a 24-hour 100-year storm event to estimate a 100-year peak discharge of 300 cfs at
the mouth of the canyon.

The engineer who performed the analyses associated with the 2007 hydrology study stated that the
purpose of that study was to develop a conceptual design for a debris basin. The 100-year design
storm developed as part of that study is considered to be conservative (for dam safety purposes) and
no calibration work or comparisons to nearby watersheds was performed to determine if the number
was reasonable for a 100-year flood. After reviewing the hydrologic methodology used in the 2007
County study and completing an analysis of nearby stream gages and regression discharges, BC&A
came to the same conclusion as the 2020 CRS study which is: that following FEMA guidance on
hydrologic studies used to estimate the peak magnitude of the 100-year flood, the estimated 100-
year flood of 300 cfs developed in the 2007 County study is outside one standard deviation of the
mean regression peak discharge and may be considered unreasonable as shown in Table 2-9.

2.3.5.4 Calibration Results

Due to the lack of historic stream gage records on Neffs Creek, the 100-year flood discharge computed
using the USGS regression equations was used to help calibrate the hydrologic model. The hydrologic
parameters of CN, Initial Abstraction, and Lag Time in the computer model were adjusted until the
computed peak discharge was within at least one standard deviation of the regression equation
discharge estimate. The CN parameter is intended to simulate the runoff potential for a given area
and is somewhat subjective. During the calibration process it was determined that each event from
the 10-year to the 500-year would need to be calibrated separately to obtain the desired results.

For the 100-year event and smaller events, the initial composite CN value shown in Table 2-6 was
reduced by 3% to 64 to calibrate the model to the regression equation results. For the 500-year flood
event, the CN value was reduced by 10% to 60 to calibrate the model to the regression equation
results. The Initial Abstraction was initially calculated to be 1.1-inches using the standard equation
for each event. The 1.1-inch value was determined to be an appropriate value for the 100-year event.
Storm return periods less than the 100-year used a lower initial abstraction value, while the 500-
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year event used a higher value. The final calibrated hydrologic parameters are provided in Table 2-10
along with the rainfall runoff discharges and a comparison to the USGS regression equations.

The final calibrated hydrologic parameters resulted in rainfall runoff discharges for the 100-year
(and smaller) events were very close to the discharge estimates obtained using the USGS regression
equations. The 500-year event discharge is at the upper end of the one error standard deviation
which is within FEMA'’s requirements. Further calibration to fit the results of the regression equation
more closely would require the use of unreasonable CN or initial abstraction values. BC&A feels that
the higher 500-year discharge would also be conservative for the design of the debris basin or other
alternatives.

For this study, the PMP and State-defined Spillway Evaluation Precipitation (SEP) hydrologic
scenarios for high hazard dams used the 500-year calibrated CN parameters as they represented the
best calibration for larger events.

Table 2-9. Flood Frequency Analysis and Regression Analysis Peak Runoff
Rates for the 100-year Runoff Event (Taken from CRS 2020 Study)

Stream Location Watershed Method Years of 100-year Peak Low High
Name Area Record Discharge Confidence Confidence
{mi2) (cfs) Limit (0.14) Limit (0.84)
(cts) (cfs)
Rainfall Runoff . .
Neffs Creek Canyon Mouth 42 MfA 300 Undetermined | Undetermined
[HAL Study)
Regression
Neffs Creek Canyon Mouth 3.67 Equations NS A 107 54 161
(StreamStats)
shearm Gage 1899 — Cumrent
Mil Creek | Canyon Mouth 21.7 1249 (107 Record 150 134 171
Bulletin 17C
Peaks)
Regression
Mill Creek Canyon Mouth 21.7 Equations [USGS 83 143 73 214
SIR 2007-5158)
Emigration Stream Gage 1902 = Current
i >
9 Canyon Mouth 18.4 12209 (92 Record 160 135 202
Creek Bulletin 17C
Peaks)
. . Regression
E ti 132
mé?;]eko“ Canyoen Mouth 18.4 Equations [USGS 57 3 66 198
SIR 2007-5158)
Red Butte 1964 -2019
Red Butte Reservoir, Fort 7.25 Stream Goge (56 Record 114 90 157
Creek Bulletin 17C
Douglas Peaks)
Red Butte Regression
t
Reé::km Reservair, Fort 7.25 Equations [USGS 42 13 57 170
Douglas SIR 2007-5158)
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Figure 2-5. Graphical Peak Discharge Comparison (Modified from 2007 BC&A Study)
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Table 2-10. Summary of Final Calibrated Sub-basin Hydrologic Parameters

. .. Rainfall- NSS Low High
Composite Initial . . .
. Runoff Discharge | Confidence | Confidence
Event Curve Abstraction . .. ..
Number (inches) Discharge (cfs) Limit (0.16) | Limit (0.84)
(cfs) (cfs) (cfs)
10-year 64 0.7 45 55 29 84
25-year 64 0.8 71 70 36 106
50-year 64 0.9 96 91 46 137
100-year 64 1.1 107 107 54 161
500-year 60 1.4 228 156 81 237

Note: The PMP and SEP dam scenarios will use the 500-year calibrated parameters

2.3.6 AMCIII

As part of the Utah Dam Safety requirements for dams, a saturated soil condition (AMCIII) is required
for the selected 100-year scenario (6-hour or 24-hour) to help size the spillway. To account for
changes due to soil moisture, the NRCS provides a table for converting AMC Il Curve Numbers to AMC
[II Curve Numbers. Using this conversion table, the composite 100-year AMC III CN for the Neffs
Canyon drainage basin is 81. As no other events require the AMCIII, the conversions are not included.

2.3.7 SNOWMELT

Historical snowmelt peak flows are not available for Neffs Canyon. The 2007 County study used
regression equations developed by Gingery and Associates (see 2007 study) and provided the
snowmelt flow rates shown in Table 2-11. It should be noted that Mill Creek and other large creeks
in the area generally have annual peak discharges that are almost entirely based on spring runoff
from snowmelt events.

Table 2-11. Estimated Snow Melt Flow Rates

Predicted Snowmelt Flow Rates (cfs)
Location
10-year 50-year 100-year
Mouth of Canyon 50 70 75

2.4 HYDROLOGIC RESULTS AND RECOMMENDATIONS
2.4.1 RESULTS

An HEC-HMS computer model was developed for the 3.67 square mile Neffs Canyon Watershed based
on the hydrologic parameters and inputs discussed above. Table 2-12 provides a summary of the
peak discharges at the Neffs Canyon mouth and Figure 2-6 shows the computed runoff hydrographs
for the various design storms. The results show that the magnitude of the 6-hour, 100-year flood
computed by the calibrated model is 107 cfs (significantly less than the 300 cfs used in the FEMA
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study to develop the alluvial fan flood hazards on the new FIRM). The results also show that if a debris
basin dam is constructed at the mouth of Neffs Canyon, the emergency spillway may have to safely
convey over 2,500 cfs over the dam from the SEF local storm to meet Dam Safety requirements.

A meeting was held to review the results of the hydrologic analysis from this study with
representatives from FEMA, Salt Lake County Flood Control/Engineering, Utah Division of
Emergency Management, and Millcreek officials. In that meeting it was determined that a request to
FEMA to reduce the magnitude of the 100-year discharge to about 107 cfs is justified.

2.4.2 HYDRAULIC ANALYSIS

Hydraulic analyses were performed to determine if the use of the reduced value of the 100-year flood
(107 cfs) could have a significant impact on the flood hazards shown on the new FEMA FIRM for the
Neffs Creek alluvial fan. It was determined that flow depths and velocities would be lower, but that
generally the alluvial fan flood hazard boundaries and associated regulatory requirements would
remain the same for properties in the newly mapped floodplain and the only way to remove the
alluvial floodplain would be with some type of mitigation option.

Table 2-12. Existing Conditions Model Peak Discharge Summary

Storm Event Peak Discharge(cfs)
06hour_10year_NOAA_AMCII 45
06hour_25year NOAA_AMCII 71
06hour_50year_NOAA_AMCII 96

06hour_100year_ NOAA_AMCII 107
06hour_100year_NOAA_AMCIII 445
06hour_500year_NOAA_AMCII 228
24hour_100year_NOAA_AMCII 207
24hour_100year_NOAA_AMCIII 453
06hour_PMP_Local_Storm 2,898
06hour_SEF_Local_Storm 2,542
72hour_PMP_General_Storm 1,460
72hour_SEF_General_Storm 1,460
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Figure 2-6. Runoff hydrographs for Neffs Creek.
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2.4.3 CONCLUSION AND RECOMMENDATIONS

Based on the results from the updated detailed hydrologic analysis discussed in the above section,
the following conclusions and recommendations can be made:

1.

The 100-year flood estimate of 300 cfs for Neffs Canyon is overly conservative. For the purposes
of this study and for design of downstream flood control facilities, a 100-year peak discharge of
107 cfs should be used.

Neither the existing active Neffs Creek channel nor the historic Neffs Creek channel have capacity
to convey 107 cfs through the developed area on the alluvial fan. Breakout flows from the
existing active channel are likely and still possible in channel segments on U.S. Forest Service
land (upstream of the develop area) that would result in flood water being conveyed in the
historic Neffs Creek channel, which would result in shallow flooding on the developed portion of
the alluvial fan.

The sediment/debris volume estimate developed in the 2007 County study should be updated
in this phase of the project. That updated estimate should be used in evaluating the size of any
debris/detention basin.

A hydraulic analysis with a revised discharge of 107 cfs would lower depths and velocities, but
not significantly change the FEMA floodplain and a mitigation measure would be required to
remove the alluvial fan floodplain.

Based on field observations and capacity estimates of the existing active Neffs Creek channel
through the developed neighborhood, it appears that it would also be prudent to construct an
inlet and pipeline that will safely convey the 100-year flood of 107 cfs through the developed
area.

A request for a hydrology-based Conditional Letter of Map Revision (CLOMR) should be
submitted to FEMA to determine if FEMA will accept the lower discharge of 107 cfs as the design
flow for facilities that would remove the alluvial fan flood hazard from the new FEMA FIRM.
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3 PRELIMINARY GEOTECHNICAL ANALYSIS
3.1 PURPOSE OF ANALYSES

A preliminary geotechnical analysis was conducted by Gerhart Cole to identify possible
geologic/geotechnical hazards, constraints for design, and to identify issues that may need additional
evaluation if a debris basin is to be designed at the apex of the alluvial fan. This section summarized
the results of their analysis. Their full report is included text in the Technical Memorandum (TM)
provided in Appendix C.

3.2 GEOLOGIC SETTING

The site of the Neffs Creek alluvial fan is located within the Basin and Range Physiographic Province,
on the western slope of the Wasatch Mountain Range in the Salt Lake Valley. A sizable portion of the
Basin and Range Province, including the proposed project area, is part of a system of watersheds
topographically restricted from draining into the ocean. Instead, drainage and groundwater
accumulate within terminal lakes and playas in the valley bottoms such as Utah and Great Salt Lake.

Neff’s Creek and other adjacent drainages have flowed into the valley and deposited coarse materials
(sands, gravels, cobbles, and boulders) in an alluvial fan at the mouth of the canyon. Surface
morphology in the area of the Neffs Creek alluvial fan has been formed in part by these processes but
has also been altered by surface faulting associated with the Wasatch Fault and slope movement
processes. Some of the morphology of the area has also been altered by human disturbance
associated with the construction of a small, abandoned reservoir, water storage and conveyance
structures, and maintenance roadways.

3.3 SURFICIAL CONDITIONS/TOPOGRAPHY

The apex if the alluvial fan is located in a flatter area at the mouth of Neff’s Canyon, above the parking
area for the Neffs Canyon Trailhead. The ground slopes toward the west at about a 10 to 15 percent
slope. A natural stream channel and diversion channel incise and create steep channel banks in the
surrounding ground surface. The canyon walls rise steeply above the project location at slopes
approaching 1H:1V in places.

Materials exposed at the surface and in stream cuts in the project area consist mainly of coarse
materials with a silty sand matrix. Abundant cobbles and boulders are exposed within the stream
channel, including boulders up to 10 feet in diameter.

3.4 POTENTIAL GEOLOGIC/GEOTECHNICAL HAZARDS

Based on the site data collected and evaluated during the geotechnical analysis, the following
potential geological/geotechnical hazards were identified at the proposed basin and discussed
below:

Surface Fault Rupture/Tectonic Deformation

Ground Shaking

Liquefaction

Debris Flow

Flooding hazards

Landslide

Rockfall

Problem soils, including collapsible and expansive soils
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Figure 3-1. Geologic Hazards Map

3.4.1 SURFACE FAULT RUPTURE / TECTONIC DEFORMATION HAZARD

The site of a potential debris basin is located within 600 feet of a mapped trace of the Salt Lake City
Segment of the Wasatch Fault Zone (WFZ) and within a surface-fault-rupture hazard special study
area identified by the Utah Geological Survey.

The WFZ is considered active and capable of magnitude 7.1 events in the vicinity of the property
(WGUEP, 2016). Mapped traces of the fault zone based on recent mapping by the Utah Geological
Survey (UGS; see Hiscock and McKean, 2018) are provided in the full TM found in Appendix C and
are shown in Figure 3-1. Despite the recent mapping performed by the UGS, the location of the WFZ
in this area remains poorly constrained as a result of active alluvial fan deposition and human
disturbance along the fault in this area.

The proposed project location is also within a Utah Geologic Survey (UGS) surface-fault-rupture
hazard special study area and construction of a debris basin with an above-ground dam embankment
would be subject to Utah Dam Safety Rules R655-10 and R655-11, which precludes dam embankment
construction on active faults. Based on the location of this special study area, the uncertainty in the
location of the WFZ in this area, and Utah Dam Safety Rules, it is recommended that a site-specific
surface-fault-rupture hazard study, such as trenching, be performed to evaluate the presence or
absence of active faults at the proposed embankment location (if a dam is desired to be constructed).
If a below-ground debris basin is constructed, the dam safety regulations may not apply. Further
details on the tectonic hazards present at the proposed basin site and the potential subsurface study
methods are provided in the full TM found in Appendix C.
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3.4.2 GROUND SHAKING

The potential debris basin’s proximity to the Wasatch Fault, a major feature of the Intermountain
Seismic Belt (ISB), suggests that a significant ground-shaking hazard exists at the site. A site-specific
determination of seismic design parameters will be required to assess the performance of a dam
embankment for design (if the dam alternative is selected).

3.4.3 LIQUEFACTION HAZARD

Liquefaction is an earthquake-related phenomenon in which soils lose their shear strength when
subjected to seismic shear waves. Previous mapping suggests a low liquefaction triggering
susceptibility at the site, likely due to the nature of alluvial-fan deposits and potential for deep
groundwater. However, this mapping was performed at a very large scale, and further analysis would
be required to assess material properties at the site in more detail.

3.4.4 DEBRIS FLOW / FLOODING HAZARD

The purpose of the potential debris basin is to mitigate potential debris flow and flooding hazards to
the developed land below Neffs Canyon. It is anticipated that, depending on the expected sediment
loads and basin capacity, routine maintenance of the debris basin will need to be completed to
remove sediment that will accumulate as a result of debris flow events to maintain design storage
and freeboard.

Furthermore, the diverted channel, which currently conveys a majority of the Neffs Creek discharge,
begins at a diversion point that has a small embankment between the natural channel and an
excavated diversion channel. In its current configuration, either the diversion or the natural channel
could be blocked in a debris flow event, which could change how runoff interacts with the current
hydraulic conveyance infrastructure downstream.

3.4.5 LANDSLIDE HAZARD

Landslide hazards consist of shallow and deep-seated movements of earth that manifest as either
slumping (rotational sliding) or translational sliding. Based on the review of available data, several
landslides have been mapped in the area, as shown in Figure 3-1, and at least one may have the
potential to affect stability of a potential dam embankment in the area. The mapped landslide is just
north of the potential basin footprints and is shown in the full TM attached in Appendix C.

Given the potential for landslide hazards affecting the potential debris basin site, it is recommended
that further site-specific studies and slope stability analyses be completed to characterize the
subsurface geometry, type of landslide, and assess potential for reactivation. Excavation of the basin,
likely to occur near the toe of the landslide, should be explicitly considered in the future assessment.

3.4.6 ROCKFALL HAZARD

A rockfall hazard exists where one or more portions of an elevated rock mass detach and fall under
the force of gravity. Based on the preliminary geotechnical analysis, rockfall potential /susceptibility
has not been mapped to any significant degree near the proposed debris basin site. The proposed
debris basin footprint(s) are located where most surficial geologic deposits are mapped as
unconsolidated deposits, with bedrock exposed in the canyon upstream. Rockfall from these
unconsolidated units would likely consist of single cobbles or boulders, which would be unlikely to
cause damage to proposed embankments. Based on this information, it is not anticipated that any
bedrock units are close enough to the proposed footprints to cause large rock mass failures that could
affect the proposed embankment and generally anticipate the rockfall hazard to be low at the
proposed basin locations.
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3.4.7 PROBLEM SOIL HAZARD

Expansive and collapsible soils are subject to volumetric changes (expansion and collapse) when free
water and/or new loads are introduced to an otherwise stable soil mass. While both are present in
Utah, collapsible soils are expected to be a more likely concern at the project site than expansive soils
due to the depositional environment. Collapsible soils tend to form in quickly placed alluvial fan or
debris flow deposits.

Geologic mapping at the property shows units generally associated with collapse, where proposed
improvements may involve adding loads to the soil (such as a dam embankment). Further subsurface
exploration and laboratory testing should be performed to assess collapse potential.

3.4.7.1 Internal Erosion and Piping

Soils subject to collapse can also be subject to piping or internal erosion caused by seepage of
groundwater through an erodible soil matrix. This geotechnical analysis study did not explicitly
identify potential for this condition, but alluvial soils can have this potential.

3.5 GEOLOGIC HAZARD SUMMARY

The hazards mentioned above would all likely require some form of subsurface studies to better
understand how they could affect design of any potential debris basin at the apex of the alluvial fan.
However, the most significant risks to the project appear to be related to fault rupture and the
mapped landslide north of the proposed basins. Given these hazards and the challenges that exist
with performing a fault hazard study at this particular site, the following options should be
considered:

1. Relocating the debris basin further up the canyon, outside of the fault special study zone. (Which
is not currently feasible because the site is on Federal Wilderness land).

2. Construction of a debris basin entirely below grade, precluding the need for a dam embankment,
provided that a “natural dam” is not created. If this option is considered, we recommend
producing conceptual drawings and meeting with Utah Dam Safety to discuss permitting issues.

3. Designing the dam embankment and demonstrating that the dam can withstand the anticipated
fault offset if a dam alternative is pursued.

3.6 OTHER CONSIDERATIONS

3.6.1 REUSE OF SITE MATERIALS

Sampling site soils was not performed as part of the geologic/geotechnical study, but given the
depositional environment and design purpose of the proposed basin, it is expected that much of the
onsite material can be made to be suitable for reuse as embankment fill with the following
considerations:

o The material is expected to be relatively coarse-grained and therefore more permeable than
typical for embankment fill and may require special detailing to prevent excessive seepage
or creation of piping conditions.

o Shallower slopes may be required for stability if this material is used.

e Very coarse material is likely, and this material can be used as riprap or would need to be
crushed or otherwise processed prior to reuse.

If advantageous to the design, placing surplus excavated material into the existing reservoir area as
a way to waste it or to enlarge the parking area is considered feasible.
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3.6.2 FOUNDATION PERMEABILITY

As discussed above, the site soils are anticipated to be relatively permeable. Under seepage is
expected to be higher than typical for an embankment dam and would need to be considered in
design if a dam alternative is pursued.

3.7 RECOMMENDATIONS FOR ADDITIONAL STUDY

The following two lists of additional geologic/geotechnical analyses are recommended (one for each
alternative) if the decision is made to proceed with the design and construction of a debris basin at
the mouth of Neffs Canyon. These lists are not intended to be exhaustive but to provide a list of issues
that may need to be addressed before final design of the recommended alternative begins.

The following additional analyses should be considered before proceeding with the design and
construction of the embankment dam alternative:

1. Surface fault rupture study, including trenching.

Site-specific seismic hazard analysis.

Liquefaction assessment.

Subsurface study and stability modeling related to the previously-mapped landslide.
Assessment of collapse potential of foundation soils.

Assessment of seepage/piping potential through embankment foundation and abutment
soils.

7. Borrow study to identify materials suitable to build an embankment.

8. Embankment seepage and stability analyses.

oUW

The following additional analyses should be considered before proceeding with the design and
construction of the below-grade inline debris basin alternative (assuming the inline basin is not
considered a dam by the Utah State Engineer’s Office:

Subsurface study and stability modeling related to the mapped landslide.
Assessment of seepage/piping potential through adjacent soils.

Evaluation of excavated soils for reuse elsewhere.

Stability assessment of basin side slopes.

Stability assessment of downstream slopes depending on proximity to the basin.
A surface fault rupture study may still be required for the inline option.

Ul W e

3.8 LIMITATIONS AND ASSUMPTIONS

The assessments and recommendations of the preliminary geotechnical analysis are based on
information drawn from multiple sources, including the Utah Geological Survey and the United States
Geological Survey as well as individual authors, researchers, consultants, and their firms. The
location of hazards may be inferred using various means; however, confirmation of their presence
will require additional, site-specific studies (e.g., trenching is needed to positively or negatively
determine the presence of faulting). Even then, the frequency of occurrence can remain imprecise
due to both aleatory variability (the natural randomness of a process) and epistemic uncertainty (due
to limited data and knowledge associated with infrequent events as measured by the length of human
experience).

It is important that a local geotechnical engineering engineer be consulted as additional actions are
taken relative to the hazards and risks discussed in this report so that conclusions and
recommendations contained in this document can be revised as additional information becomes
available and/or as the scope of project work evolves.
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4 PRELIMINARY DEBRIS AND SEDIMENT VOLUME ASSESSMENT

4.1 PURPOSE OF ANALYSES

A preliminary debris and sediment volume analysis was conducted by JE Fuller Hydrology and
Geomorphology (JEF) to develop a concept-level debris volume estimate associated with the
potential construction of a debris basin at the apex of the Neffs Creek alluvial fan. This section
includes a summary of the findings and conclusions from the debris and sediment volume analysis.
The full Technical Memorandum (TM) is included in Appendix D.

4.2 GENERAL SITE CHARACTERISTICS

The Neffs Canyon watershed is characterized by steep channels, with slopes ranging from 4% to 16%
in the lower reaches to greater than 50% in the upper reaches. This debris volume study focused on
three main channels, denoted as Neffs Creek, Unnamed Tributary, and North Fork, shown in Figure
4-1. These channels have average slopes of 22%, 28%, and 38%), respectively. The existing vegetation
in Neffs Canyon consists of scrub oak, maple brush, pine trees, and aspen trees. This vegetation is
dense in areas but very sparse in the areas of the exposed slabs of steeply dipping, quartzite bedrock.

Figure 4-1. Main Contributing Tributaries in Neffs Canyon
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4.3 PAST DEBRIS FLOW EVENTS

There is no known documentation for the debris flow history within Neffs Canyon or on the
associated alluvial fan. However, the history of the neighboring areas is well documented and can be
used to better understand the regional recurrence of debris flow events. Along the Wasatch Front,
debris flows generally initiate on steep slopes or in channels, onset by intense rainfall (or “cloudburst
events”) or rapid snowmelt. Historical records of debris flow events in Utah indicate that debris flows
in this region can be highly variable in terms of their size, travel distance, and depositional behavior,
which are all largely functions of the size, slope, vegetation cover, geology of their source basin, and
intensity and duration of contributing precipitation events (Giraud, 2005). Several historic debris
flow events along the Wasatch Front are described, for informational purposes, in the TM found in
Appendix D.

4.4 FIELD INVESTIGATION

JEF conducted a field investigation of the Neffs Canyon watershed in August 2021 to observe existing
conditions of the three main channels. The channels rapidly increase in slope and debris loading of
the channels was found to increase significantly in the upstream direction. The lower channel reaches
exhibit minimal debris loading. The middle and upper reaches contain a substantial volume of debris
loaded in the channel corridors, especially in the pool sequences. The heavy debris loading indicates
Neffs Canyon has not experienced a large storm or rapid snowmelt event that produced a large
discharge of the magnitude needed to mobilize and transport most of the available debris to the lower
reaches, (or out) of the canyon. The three main criteria for mobilization of a debris flow event are 1)
slope, 2) channel confinement, and 3) debris availability in the channels. Neffs Canyon exhibits all
three criteria and is poised for a debris flow event(s) under a triggering meteorological condition, or
in a post-wildfire watershed condition

4.5 EMPIRICAL DEBRIS FLOW VOLUME ESTIMATES

Six empirical methods and equations were used to better understand and estimate the magnitude of
debris flow volume that could be evacuated from Neffs Canyon in a high runoff event. Each of these
empirical methods are described in detail in the TM included in Appendix D. The results of the 2007
County Study were also listed for comparison. The debris volume results using each of these methods
are listed for comparison in Table 4-1. An estimate was also made using engineering judgment after
completing onsite field reconnaissance in the Neffs Canyon drainage area.

Table 4-1 presents a range of calculated potential debris flow volumes using the seven referenced
methods. The predicted volumes of these methods range from 8 to 128 ac-ft. This equates to
approximately 0.4 to 7 cubic yards of sediment per foot of channel length. Additionally, these volumes
represent an event such that the entire Neffs Canyon drainage basin would contribute debris. It is
possible that a localized, high-intensity storm event could occur on only a portion of the Neffs Canyon
watershed, triggering debris mobilization from only a single channel. It should also be noted that
estimating debris flow volumes is not an exact science. A reliable, reasonable estimate for Neffs
Canyon must be obtained through comparing the results, understanding the science behind each
method, familiarity with the drainage basin or watershed characteristics, and engineering
judgement.

The hydrologic assessment of the Neffs Canyon watershed summarized in Section 2 of this report
estimated the total 100-year flood runoff volume associated with the 6-hour storm to be 33 ac-ft. A
comparison of this runoff volume to the non-recurrence interval-based methods listed in Table 4-1
suggests that a recurrence interval event much higher than the 100-year flood would be required to
mobilize the debris volume estimates in excess of 33 ac-ft.
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Given that the USACE (1992) methodology is recurrence interval storm-based, it is the most
appropriate method to use with recurrence interval-based hydrologic analyses. The results of the
USACE methodology indicate a 100-year storm on existing watershed conditions could produce up
to 8 ac-ft of debris volume, and a 500-year storm could produce up to 11 ac-ft of debris volume.

Table 4-1. Summary of Debris Flow Volume Estimations

Summary of Volume Estimates

Volume - Volume - Recurrence
Method Sediment Type Lower upper limit Interval
Limit (ac-ft) (ac-ft)
USACE, 1992 - LA District .
Method, Equation 2 Debris flow volume 8 11 100-Year |500-Year
Hungr et al., 1984 - .
Method 1 Debris flow volume 36 73 N/A
Hungr et al., 1984 - .
Method 2 Debris flow volume 64 128 N/A
AGEC, 2005 - Method A Debris flow volume 87 N/A N/A
AGEC, 2005 - Method B Debris flow volume 84 N/A N/A
Hansen, Allen & Luce .
(2007) Debris flow volume 21 N/A N/A
Average 50 71
Median 50 73
. Non debris flow
BUREC, 1987 - Design of sediment yield per 4 N/A N/A

Small Dams

year

4.6 LIMITATIONS AND ASSUMPTIONS FOR DEBRIS FLOW ANALYSIS

This debris flow analysis considered existing watershed conditions. Neffs Canyon is susceptible to
wildfire risk. In a post-wildfire condition, debris flow risk to life and property downstream of the
canyon mouth increases significantly. Recent wildfires in the Wasatch Range have resulted in debris
flow and mudflows that have adversely impacted downstream communities. It is recommended that
the design of any future debris basin located on the Neffs Canyon alluvial fan consider a post-wildfire
watershed condition. A more detailed debris volume analysis is recommended as part of the final
design phase of any future debris basin.
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5 ALTERNATIVES ANALYSIS

5.1 PURPOSE OF ALTERNATIVES ANALYSES

The principal objective of this study is to identify a feasible debris basin or other flood control
improvements that can be designed and constructed to mitigate the alluvial fan hazards on the Neffs
Canyon alluvial fan. The results and recommendations of this study may be used to obtain future
funding for construction of the recommended alternative.

5.2 BASIS OF DESIGN FOR ALTERNATIVES

Several important factors were considered when identifying and evaluating potential flood
mitigation alternatives for the flood hazards on the Neffs Canyon alluvial fan. Alternatives were
evaluated based on their ability to eliminate the alluvial fan flood hazard and to minimize impacts to
the downstream residents. The design parameters considered when evaluating potential alternatives
are described below.

1. The selected alternative must safely convey runoff from the 100-year flood downstream through
the residential neighborhood and eliminate the alluvial fan flood hazards defined on FEMA flood
insurance rate maps.

2. Noimprovements can be constructed on the USFS Wilderness Area land. The current wilderness
boundary was obtained from a GIS file on the Utah Geospatial Resource Center (UGRC) website
and was used in the evaluation of the feasibility of alternative improvements.

3. The alternative must avoid impacting the existing homes and structures downstream of the
proposed debris basin site. The current residents also wish to minimize the visual impact of the
alternative in order to maintain the natural landscape at the mouth of the canyon.

4. Since the proposed site is on USFS property, the selected flood mitigation alternative must meet
USFS requirements, including any permitting or design requirements requested. It should be
noted that the only available site for a potential debris basin is adjacent to the Neffs Canyon
Trailhead parking lot. That parking lot is in poor condition and needs to be repaved. Millcreek
recently received approval from the U.S. Forest Service to improve the trailhead facilities by
expanding the parking lot, constructing a public restroom, and constructing wildfire fighting
facilities that include a helipad and a heliwell, as the trailhead is also located on land managed
by the U.S. Forest Service. Construction and funding of the desired trailhead and wildfire fighting
facilities will be a separate project. BRIC Grant funds are not being requested for these trailhead
project improvements.

5. Low flows from runoff in the existing Neffs Creek channel will be maintained (up to 15 cfs) by
constructing a diversion structure on the channel on the south side of the proposed debris basin
facility. Discharges in excess of about 15 cfs would be diverted into the debris basin. If residents
desire, the low flow channel below the proposed debris basin could actually be abandoned. It
was assumed that residents would like to keep the channel functional. This diversion would
prevent flooding along the existing Neffs Creek channel due to capacity issues of the channel and
existing culverts.

6. Any debris basin that is evaluated would not detain, or store, runoff from a 100-year flood. The
debris basin facility would be designed primarily to collect debris and water from the canyon
and convey it to new storm drain facilities and eliminate the uncertainty associated with flood
flow paths on the alluvial fan.
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7.

Several geologic/geotechnical issues (the presence of the Wasatch Fault, potential landslide
issues, and regulatory issues such as Dam Safety) are present on the site and were considered
when evaluating potential alternatives.

5.3 FLOOD MITIGATION ALTERNATIVES EVALUATED

The following alternatives were evaluated with the goal of eliminating the alluvial fan flood hazards
shown on the new FEMA FIRM:

1.

6.

Construct an above-ground dam/debris basin at the mouth of Neffs Canyon to capture debris
and release canyon runoff into a new storm drain system that will convey it safely through the
developed neighborhood to a point where it can discharge into the existing Neffs Creek storm
drain near Wasatch Boulevard.

Construct an above-ground dam/debris basin at the mouth of Neffs Canyon to capture debris
and release canyon runoff into shorter section of new storm drain pipeline that runs under
neighborhood roads and outfalls into the active Neffs Creek channel. This alternative would also
require significant channel improvements to the existing Neffs Creek channel below the new
storm drain outfall to mitigate flood hazards along the channel.

Construct a below-grade debris basin at the mouth of Neffs Canyon to capture debris and release
canyon runoff into a new storm drain system that will convey it safely through the developed
neighborhood to a point where it can discharge into the existing Neffs Creek storm drain near
Wasatch Boulevard.

Construct a below-grade debris basin at the mouth of Neffs Canyon to capture debris and release
canyon runoff into a shorter section of a new storm drain pipeline that runs under neighborhood
roads and outfalls into the existing Neffs Creek channel. This alternative would also require
significant channel improvements to the existing Neffs Creek channel below the new storm drain
outfall to mitigate flood hazards along the channel.

Construct a below-grade basin or dam/debris basin within the Federal Wilderness Area to
provide for more debris storage volume and associated runoff conveyance facilities that will
safely convey canyon runoff to the Neffs Creek storm drain near Wasatch Boulevard.

Do nothing.

Each of these alternatives are shown in Figure 5-2-Figure 5-5 at the end of the section along with
summaries of each alternative in Table 5-1 - Table 5-4. Conceptual costs to plan, permit, design and
construct the alternatives evaluated (in 2022 dollars) are included in Appendix E.
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5.3.1 ALTERNATIVE 1: DAM/DEBRIS BASIN AND NEW STORM DRAIN

The first alternative evaluated includes construction of a dam/debris basin at the mouth of Neffs
Canyon, between the Federal Wilderness Area boundary and the residential properties along
Zarahemla Drive, as shown on Figure 5-2. The purpose of this debris basin would be to collect runoff
and debris generated in Neffs Canyon to a point such that the runoff can be conveyed into a new
storm drain facility, reducing downstream flooding hazards. The dam/debris basin would outfall into
a new storm drain that begins near the north dam abutment. This storm drain would run behind the
houses along Zarahemla Drive before discharging into a new storm drain at the intersection of
Zarahemla Drive and Mathews Way. The storm drain would run east to west under several of the
Millcreek neighborhood roads before discharging into Neffs Creek near Wasatch Boulevard. The
major elements associated with Alternative 1 are summarized in Table 5-1.

5.3.1.1 Challenges and Requirements
The following challenges or requirements were identified with this alternative:
o Safely conveying the 100-year discharge downstream through the developed area

e Designing a dam that has a spillway to safely discharge the PMF discharge and does not direct
water towards homes downstream to increase flood hazards

e Obtaining permission from USFS to build a dam on USFS property
e  Working with Utah Dam Safety to develop an acceptable design near a major seismic fault

e Obtaining easements for the pipeline between the debris basin and Zarahemla Drive.

5.3.1.2 Conceptual Cost Estimate

The conceptual construction cost estimate for the dam/debris basin with new storm drain alternative
is included in Appendix E. The estimated cost for Alternative 1 is $21,665,000.

Table 5-1. Summary of Proposed Alternative 1

No. Description of Improvement

Construct about a 14.5 ac-ft dam/debris basin between the Federal

| Wilderness area boundary and the residential properties along Zarahemla
Drive.

Construct a diversion on the active Neffs Creek channel to convey runoff in
11 excess of 15 cfs into a stepped concrete inflow channel into the debris basin
(similar to what is shown in Figure 5-1)

Construct a new storm drain pipeline that conveys runoff from the

II dam/debris basin to the intersection of Zarahemla Drive and Mathews Way
and has capacity to convey the 500-year flood.

Construct a storm drain that runs from the intersection of Zarahemla Drive
and Mathews Way under several Millcreek neighborhood roads before

v discharging into the Neffs Creek storm drain near Wasatch Boulevard. This
storm drain would have capacity to convey the 100-year flood.
Construct a stepped concrete inflow channel to convey runoffin the historic
\Y Neffs Creek channel into the debris basin similar to what is shown in Figure

5-1.
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Figure 5-1. Example of Stepped Inflow Channel

5.3.2 ALTERNATIVE 2: DAM/DEBRIS BASIN AND NEFFS CREEK CHANNEL
IMPROVEMENTS

Similar to Alternative 1, the second alternative evaluated also includes construction of a dam/debris
basin at the mouth of Neffs Canyon, between the Federal Wilderness Area boundary and the
residential properties along Zarahemla Drive, as shown on Figure 5-3. The storm drain would run
behind the houses between the debris basin and Zarahemla Drive before discharging into another
new storm drain pipeline at the intersection of Zarahemla Drive and Mathews Way. The storm drain
would then continue north along Zarahemla Drive, west along S 4260 E, and then south along
Parkview Drive, before outfalling into the Neffs Creek channel (as shown in Figure 5-3).

As part of this alternative, significant improvements would need to be made to the existing Neffs
Creek channel to accommodate the increased flood flows. According to the 2007 County study, the
existing Neffs Creek channel capacity is believed to be insufficient to remove the surrounding homes
from the alluvial fan flood hazard designation. To improve the condition and capacity of the existing
channel, significant improvements will need to be made to Neffs Creek. Bank stabilization would need
to be added to the banks of the reconstructed channel to mitigate erosion potential. Since slopes in
the channel are very steep and velocities in the channel are high, riprap would be needed to armor
the channel from erosion hazards. Existing slopes along the channel are from 8 to 10 percent. In order
to reduce the slope along Neffs Creek to 8 percent it is likely that several grade control structures
would be needed.

The major elements associated with Alternative 2 are summarized in Table 5-2.
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Table 5-2. Summary of Proposed Alternative 2

No.

Description of Improvement

Construct about a 14.5 ac-ft dam/debris basin between the Federal
Wilderness area boundary and the residential properties along Zarahemla
Drive.

I1

Construct a diversion on the active Neffs Creek channel to convey runoffin
excess of 15 cfs into a stepped concrete inflow channel into the debris basin
(similar to what is shown in Figure 5-1)

II

Construct a new storm drain that connects the dam/debris basin outfall to
the intersection of Zarahemla Drive and Mathews Way and has capacity to
convey the 500-year flood.

IV

Construct a storm drain that runs from the intersection of Zarahemla Drive
and Mathews Way, then north along Zarahemla Drive, west along S 4260 E,
and then south along Parkview Drive, before outfalling into the existing active
Neffs Creek channel. This storm drain would have capacity to convey the 100-
year flood.

Construct channel improvements to the existing Neffs Creek channel, such as
upsizing the existing culverts, to increase the conveyance capacity and
making other channel improvements located in backyards to accommodate
the runoff from the proposed dam/debris basin and storm drain pipeline.

VI

Construct a stepped concrete inflow channel to convey runoff in the historic
Neffs Creek channel into the debris basin similar to what is shown in Figure
5-1.

5.3.2.1

Challenges and Requirements

The following challenges or requirements were identified with this alternative:

Safely conveying the 100-year discharge downstream through the developed area

Designing a dam that has a spillway to safely discharge the PMF discharge and does not direct
water towards homes downstream to increase flood hazards

Obtaining permission from USFS to build a dam on USFS land

Working with Utah Dam Safety to develop an acceptable design near a major seismic fault

Obtaining easements for the pipeline between the debris basin and Zarahemla Drive.

5.3.2.2

Conceptual Cost Estimate

The conceptual construction cost estimate for the dam/debris basin with the Neffs Creek channel
improvements is included in Appendix E. The estimated cost for Alternative 2 is $24,839,000.
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5.3.3 ALTERNATIVE 3: BELOW-GRADE DEBRIS BASIN AND NEW STORM DRAIN

The third alternative evaluated includes construction of a below-grade debris basin at the mouth of
Neffs Canyon between the Federal Wilderness Area boundary and the residential properties along
Zarahelma Drive as shown on Figure 5-4. The purpose of this below-grade debris basin would be to
collect runoff and debris generated in Neffs Canyon such that the runoff can be conveyed into a new
storm drain facility, reducing downstream flooding hazards. The below-grade debris basin would
outfall into a new storm drain pipeline that begins in the northwest corner of the below-grade debris
basin. This storm drain follows the same alignment as Alternative 1.

The major elements associated with Alternative 3 are summarized in Table 5-3.

Table 5-3. Summary of Proposed Alternative 3

No. Description of Improvement

Construct about a 9 ac-ft below-grade debris basin between the Federal
Wilderness area boundary and the residential properties along Zarahemla Drive.
Construct a diversion on the active Neffs Creek channel to convey runoff in

I excess of 15 cfs into a stepped concrete inflow channel into the debris basin
(similar to what is shown in Figure 5-1)

Construct a new storm drain pipeline that conveys runoff from the below-grade
I1 basin to the intersection of Zarahemla Drive and Mathews Way and has capacity
to convey the 500-year flood.

Construct a storm drain that runs from the intersection of Zarahemla Drive and
Mathews Way under several Millcreek neighborhood roads before discharging

v into the Neffs Creek storm drain near Wasatch Boulevard. This storm drain
would have capacity to convey the 100-year flood.
v Construct a stepped concrete inflow channel to convey runoff in the historic Neffs
Creek channel into the debris basin similar to what is shown in Figure 5-1.
5.3.3.1 Challenges and Requirements

The following challenges or requirements were identified with this alternative:
e Safely conveying the 100-year discharge downstream through the developed area

e Confirming that the excavation for the below-grade debris basin will not destabilize the
historic landslide in the vicinity

e Obtaining permission and permits from USFS to construct a below-grade debris basin on
USFS property

e Transporting a large amount of excavated material through the Olympus Cove neighborhood

e Obtaining easements for the pipeline between the debris basin and Zarahemla Drive.

5.3.3.2 Conceptual Cost Estimate

The conceptual construction cost estimate for the below-grade debris basin and new storm drain
alternative is included in Appendix E. The estimated cost for Alternative 3 is $19,748,000.
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5.3.4 ALTERNATIVE 4: BELOW-GRADE DEBRIS BASIN AND NEFFS CREEK
CHANNEL IMPROVEMENTS

Similar to Alternative 3, the fourth alternative evaluated also includes construction of a below-grade
debris basin at the mouth of Neffs Canyon, between the Federal Wilderness Area boundary and the
residential properties along Zarahemla Drive as shown on Figure 5-5. The below-grade debris basin
would outfall into a new storm drain located in the northwest corner of the debris basin. This storm
drain would utilize the same alignment as Alternative 2. The major elements associated with
Alternative 4 are summarized in Table 5-4.

5.3.4.1 Challenges and Requirements
The following challenges or requirements were identified with this alternative:
o Safely conveying the 100-year discharge downstream through the developed neighborhood

o Confirming that the excavation for the below-grade debris basin will not destabilize the
historic landslide in the vicinity

e Obtaining permission from USFS to build a below-grade debris dam on USFS land
e Transporting a large amount of excavated material through the Olympus Cove neighborhood

e Obtaining easements for the pipeline between the debris basin and Zarahemla Drive and
channel improvements through private developed property.

5.3.4.2 Conceptual Cost Estimate

The conceptual construction cost estimate for the below-grade debris basin, storm drain
improvements, and channel improvements is included in Appendix E. The estimated cost for
Alternative 4 is $24,511,000.

Table 5-4. Summary of Proposed Alternative 4

No. Description of Improvement

Construct about a 9 ac-ft below-grade debris basin between the Federal Wilderness
area boundary and the residential properties along Zarahemla Drive.

Construct a diversion on the active Neffs Creek channel to convey runoff in excess of
I1 15 cfs into a stepped concrete inflow channel into the debris basin (similar to what
is shown in Figure 5-1)

Construct a new storm drain that connects the dam/debris basin outfall to the

I11 intersection of Zarahemla Drive and Mathews Way and has capacity to convey the
500-year flood.

Construct a storm drain that runs from the intersection of Zarahemla Drive and
Mathews Way, then north along Zarahemla Drive, west along S 4260 E, and then
south along Parkview Drive, before outfalling into the existing active Neffs Creek
channel. This storm drain would have capacity to convey the 100-year flood.
Construct channel improvements to the existing Neffs Creek channel, such as
upsizing the existing culverts to increase the conveyance capacity and making other
channel improvements located in backyards to accommodate the runoff from the
proposed dam/debris basin and storm drain pipeline.

Construct a stepped concrete inflow channel to convey runoff in the historic Neffs
Creek channel into the debris basin similar to what is shown in Figure 5-1.

IV

VI
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5.3.5 ALTERNATIVE 5: DAM/DEBRIS BASIN OR BELOW-GRADE DEBRIS BASIN
ON USFS WILDERNESS AREA LAND

The fifth alternative evaluated includes construction of a dam/debris basin or a below-grade debris
basin further up in the canyon, within the USFS Wilderness Area. This would greatly increase the
storage of the dam/debris basin or below-grade debris basin since the basin could be much larger
since less site constraints are present. Some type of mitigation option to safely convey the 100-year
discharge downstream through the developed area would also have to be designed. While the
potential storage capacity of this alternative could be larger, construction of this facility within a
Federal Wilderness Area would require approval from Congress. Gaining approval would likely be a
lengthy process with no guarantee of success and therefore this alternative was not evaluated
further. Construction of a debris basin on existing Wilderness Area land would also scar the hillside
and be visible from a long distance, something that residents strongly oppose.

5.3.6 ALTERNATIVE 6: DO NOTHING

The No Action Alternative consists of the City choosing to leave the Neff’s Canyon drainage basin “as-
is” with no future improvements. Under this alternative the alluvial fan flood hazard developed by
FEMA in this area would remain largely unchanged. By leaving the alluvial fan flood hazard in place,
flood insurance requirements would remain as-is throughout the neighborhood. Restrictive building
requirements would remain in place, remodels/rebuilds must meet the new building restrictions (i.e.
no walk out basements, remodels must be less than 50% of fair market value of the structure or the
entire structure must be brought up to current FEMA zone requirements), and the current fire station
serving the Mount Olympus could not be replaced with a new building on the existing building site.

5.4 RECOMMENDED ALTERNATIVE

Alternative 3 (constructing a new below-grade debris basin and conveying canyon runoff through a
new storm drain) was selected as the preferred alternative after sending the draft feasibility study
report to multiple agencies, the local community council, and holding a public meeting. That
alternative will effectively utilize the available land between the Wilderness Area boundary east of
the existing developed subdivision to the maximum extent practicable. Implementing Alternative 3
would be less impactful to the properties along the existing active creek channel through the
developed neighborhood. It would also have significantly less visual impact to the hillside than an
alternative that includes an above-grade dam. The proposed storm drain pipeline could also collect
runoff generated on local streets and improve storm water management in the area. Construction of
this recommended alternative would be coordinated with the previously approved project to
improve the Neffs Canyon trailhead parking lot. Millcreek and the Contractor will coordinate with
the U.S. Forest Service to obtain the needed agreements that would allow construction staging and
placing some of the material excavated from the debris basin facility in a depressed area. This will
raise the grade so that area can be used for expanding the trailhead parking lot. All other Trailhead
Parking Lot Project improvement features that include parking lot paving, constructing a public
restroom, and constructing a helipad and heliwell will be part of a separate project.

The proposed debris basin outlet will include a large trash rack that extends from the bottom of the
debris basin to the top. This will allow the outlet to function if lower portions become plugged with
debris. It will also facilitate maintenance and cleaning debris from the top.

A primary spillway will be located at the top of the outlet structure that will allow runoff up to the
500-year flood to discharge into the outlet pipe. The outlet pipe would decrease in size at the
intersection of Zarahemla Drive and Mathews Way. The pipe downstream of that point will be
designed to convey the 100-year discharge. The junction at the point where the pipe capacities
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change will be designed so that if the capacity of the downstream pipe is exceeded, the excess water
will surcharge in that structure and flow onto the ground surface and the roads in the area. This
means that flood hazards associated with flood hazards larger than the 100-year storm will still exist
and be very similar to those that existed before the project was constructed.

An emergency spillway will be constructed where the new debris basin intercepts the existing
historic Neffs Creek channel. That emergency spillway would discharge runoff from very extreme
events back into the channel that has historically conveys large flows, so there should be no adverse
flood impacts to downstream properties.

The recommended below-grade debris basin cannot be designed for a large post-fire debris flow.
There is not enough available land to make the debris basin any larger. The proposed debris basin
may be undersized to protect homes near the mouth of the canyon from a debris flow if a large fire
were to occur in Neffs Canyon. Although the debris basin may be undersized for a large post-fire
runoff event, the available area is being utilized to the maximum extent that is practicable.

With a conceptual cost estimate of about $20 million, this alternative is the least cost of all of the
evaluated alternatives. A zoomed-in version of the recommended alternative and a conceptual
rendering are shown in Figure 5-6 and Figure 5-7, respectively. Additional conceptual renderings of
the recommended alternative are included in Appendix F. Additionally, conceptual design drawings
of the major recommended features are included in Appendix G.

5.4.1 FLOODPLAIN MAPPING - RECOMMENDED ALTERNATIVE

The recommended improvements associated with Alternative 3 would mitigate potential flood
hazards associated with the 100-year design storm and allow the existing alluvial fan flood hazards
to be removed from the new FEMA FIRM. Runoff from 100-year design storm in Neffs Canyon would
be contained in the new pipeline down the road.

5.5 LIMITATIONS AND ASSUMPTIONS
This feasibility study is conceptual in nature. Key assumptions and limitations are listed below:

1. Therecommended below-grade debris basin cannot be designed for a large post-fire debris flow.
There is not enough available land to make the debris basin any larger. The proposed debris
basin may be undersized to protect homes near the mouth of the canyon from a debris flow if a
large fire were to occur in Neffs Canyon. Although the debris basin may be undersized for a large
post-fire runoff event, the available area is being utilized to the maximum extent that is
practicable.

2. More detailed geotechnical/geologic analysis is needed to determine the full limitations of the
project site. The selected alternative assumes the site is suitable for extensive excavation based
on the preliminary geotechnical/geologic analysis. The preliminary analyses did not passively
identify any issues that would prevent the design of the below-grade debris basin from
proceeding. If issues are identified in future studies or during the design, those issues should be
able to be mitigated.
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Figure 5-7. Rendering of Recommended Debris Basin Alternative
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6 ENGINEER’S OPINION OF PROBABLE CONSTRUCTION COST

A summary of the conceptual level construction costs for the recommended alternative (Alternative
#3) is shown in Table 6-1. The total estimated cost for Alternative #3 is approximately $19,748,000.
The conceptual cost estimates developed for this study are based on the type of improvement that
was evaluated, information on the preliminary design drawings (for the recommended alternative),
information from recent construction bids on similar projects, information obtained from suppliers,
and current cost estimating guidelines. Note that the conceptual cost estimate is in 2024 dollars and
includes a 20-percent contingency to account for unknown details and factors that cannot be
identified in a feasibility-level study. It should also be noted that with inflation and supply chain
issues experienced over the last two years, construction costs have been very difficult for engineers
to accurately estimate.

Table 6-1. Preliminary Conceptual Cost Estimate - Neffs Creek Alternative 3
Improvements

Preliminary Opinion of Probable
Construction Cost

@ BOWEN COLLINS

Project. Neifs Creek Debriz Basin Froject Date. 9292022
Dascriphion: Allernative #3 Prepared by: B
It:ﬂm Classification of Unit Price Work | Quantity Unit Unit Price Amount
1 |Mobilization (5% of Subtotal) 1 LS 5 723400 | 5 723,400
2 |5ita Prep ! survay | misc 1 LS S M2 E00| % 212 600
3 JClearing & Grubbing (basin araa) 33,000 SY 5 500 % 194,700
Reseeding (basin area minus
4 [existing/futura parking lot areas, also 17,500 Sy L 410 % 71,750
basin araa)
5 [SWPPP ] LS 5 31,700 | § 31,700
B |Traffic Conirol 1 LS S 177.700 | & 177,700
7 |Debris Basin Excavation 75,965 Y 5 20 | % 1.518.300
8 |Excess Material Haul Off 52,350 CY 3 285 1.745,800
9  JAccess Road 820 LF s 26| % 21,320
10 |Steppad Spllway 2 EA 5 253800 | % 507,600
11 |Pand Cutlet Structure 1 LS 5 37300 | 5 317,300
12 |4&" RCP Pond Dutlet Pipe 80D LF 5 860 | % 588,000
13 |Turf Reinforcing Mat 2,710 5Y 5 100 | & 271,000
14 |Revegetate Disturbed Areas in Basing 2,710 5Y 5 13| % 35,230
15 |Pond Embankment Liner 400 oY 3 B2 | % 32,800
16 |Meffs Creek Diversion Structure 1 EA 3 7,300 [ % 317,300
17 gllglll_gg Basins and Low Flow Channel 485 oy g 190 | 8 52 150
18 |Slorm Drain RCP Pipe (367) 7,500 LF 5 490 | § 3675000
1% |Catch Basins 50 Ei 3 5,200 | 3 410,000
20 |Catch Basin Pipe (18"} 1,040 LF 3 200 [ § 290,000
21 JAsphall Replacament 150,000 SF 5 13| %  1.850,000
22 |Manhaole 50 EA 3 19,700 | & 385,000
23 JUtility Relocation 1 LS 3 539,400 | 3 539,400
SUBTOTAL:| $ 14,809,050
Contingency 20%| % 2,961,810
Enginaering and Geolach Invest. 12%| % 1,777,086
USFS Environmental Document 3 200,000
TOTAL COST (rounded up to nearest §1,000):] § 19,748,000

opinion of probable construction cost,

This opinion of probable construction is based on expenence with past projects of similar construction. Itis

understood that Bowen Collins & Associales has no coniral over economical factors or unknown conditions

that may have a significant impact on actual projact costs, Bowen Colling & Associates doas not guarantes
its cost estimates and accepts no liability for preblems created by the difference in actual costs and this
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7 AGENCY COORDINATION

For this project to move forward there will need to be additional coordination required with multiple
agencies. This section summarizes previous coordination with different agencies along with a brief
description of coordination that will be required through final planning, permitting, and design
phases.

7.1  SALT LAKE COUNTY

Over 10 years ago, before Millcreek was an incorporated as a city, Salt Lake County commissioned a
study for flood mitigation alternatives on the Neffs Creek alluvial fan. Neffs Creek is a Salt Lake County
Flood Control Facility and any impact to Neffs Creek will require a Salt Lake County Flood Control
permit. Alternative #3 includes a diversion to divert water into the below-grade debris basin and
then conveys all canyon runoff downstream to a County-owned storm drain near Wasatch Boulevard.
As these improvements impact County-managed facilities, a County Flood Control Permit will be
required before construction can begin.

During the study, the County was included in multiple meetings that discussed the hydrology and
different flood mitigation alternatives. They were also provided with a copy of the hydrology report
and were allowed to provide feedback. Salt Lake County personnel should be included in future
meetings related to permitting, planning, and design of the recommended facilities.

7.2 FEMA/UTAH DEPARTMENT OF EMERGENCY MANAGEMENT

FEMA recently issued a new FIRM for the Neffs Creek alluvial fan floodplain. The new alluvial fan
flood hazards cover significantly more area than did the previous map. Many more structures are
now in the mapped floodplain. One of the main purposes of this feasibility study was to identify a
flood mitigation option that, if implemented, would remove the FEMA-mapped alluvial fan flood
hazard downstream of the debris basin. For this to happen, a Conditional Letter of Map Revision
(CLOMR) would need be to be reviewed and approved by FEMA before final design is completed
followed by a post-construction Letter of Map Revision (LOMR) to eliminate the alluvial fan flood
hazard defined in the new FIRM.

During this feasibility study there were multiple meetings held where either representatives from
FEMA Region 8, representatives from Utah Department of Emergency Management, or both have
attended and provided feedback on the feasibility of revising the design hydrology and revising the
FIRM after flood mitigation improvements are constructed. During those meetings, representatives
from FEMA and Utah DEM were both supportive of the idea of using mitigation options to remove
the alluvial fan flooding downstream and resolve the many floodplain management challenges that
are associated with development in the existing alluvial fan flood hazard area.

The hydrologic analysis performed as part of this study resulted in a proposed 100-year design flood
with a peak magnitude of 107 cfs. This value is lower than the 300 cfs used by FEMA to develop the
new FIRM. As this study has proven that there is justification to revise the current-effective FEMA
hydrology, a request for a CLOMR based on hydrology should be submitted to FEMA to verify they
will approve the reduced discharge. This is important because the storm drain pipes will be sized to
convey the 100-year discharge.

After the revised hydrology has been approved by FEMA and the final design completed, it is
recommended that that a second CLOMR be submitted to FEMA to review the proposed flood
mitigation improvements (the debris basin, pipeline, and related facilities), obtain approval of the
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proposed design criteria, and obtain concurrence that the alluvial fan flood hazards on the new FIRM
can be eliminated if the recommended flood control facilities are constructed.

After the second CLOMR is approved and mitigation options built, a LOMR will need to be submitted
to FEMA to officially revise the floodplain maps. It may be possible to have the revised hydrology
and the recommended improvements approved in one CLOMR application.

It should be noted that the approval period for each CLOMR/LOMR can take six to nine months once
submitted to FEMA.

7.3 U.S. FOREST SERVICE

The location of the proposed debris basin is located in USFS land and near the Neffs Creek Trail Head
parking lot, where there is a planned project to expand the parking lot and USFS land and construct
arestroom, helipad, and heliwell to help fight forest fires in the area. Any planned construction work
on USFS land requires coordination USFS personnel and obtaining the appropriate agreements and
permits.

During this study, personnel from Millcreek and the study team coordinated with USFS staff to
discuss the objectives of this feasibility of this study and recommended improvements that would
need to be constructed on USFS land. USFS service personnel indicated that with proper
coordination, permitting, and environmental clearances, and coordinating on the funding and
construction of the previously approved improvements to the Neffs Canyon Trailhead parking lot,
there did not seem to be any USFS issues that would make the construction of the proposed flood
control facilities on land that they manage not feasible. After funding is obtained to construct the
proposed flood mitigation facilities, the detailed coordination and permitting process should
immediately begin with the USFS.

7.4 UTAH STATE DAM SAFETY

Utah Dam Safety oversees the design, construction, and inspection of all high hazard dams in the
state. The current recommended mitigation option does not include what would be considered a dam
and would minimize the amount of coordination required with Dam Safety. If the alternative changes
to a dam during final design, then a significant amount of coordination with Dam Safety would be
required as this would be considered a high hazard dam near a major fault.

7.5 OTHERS

The recommended storm drain pipe between the recommended below-grade debris basin and
Zarahemla Drive will need to cross private property and require construction of a large pipeline in a
city street, coordination with utility companies and private property owners (easements) will be
required during final design and construction. This needed coordination should be done early in final
design phase.
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8 PUBLIC INVOLVEMENT

Due to the location and complexity of planning, designing, permitting, and constructing flood
mitigation measures that impact area residents, public lands, and public entities, multiple
coordination meetings with the general public will be required during the planning and design of the
project.

A public meeting was held on December 15, 2021 to present the findings and recommendations of
this feasibility study. The primary purpose of that meeting was to determine if residents in the area
are supportive of the recommended flood mitigation improvements and the proposed approach to
eliminate the alluvial fan flood hazards defined on the new FEMA FIRM. All that participated in the
meeting expressed general support of the project and its objectives. They were asked to provide any
questions or feedback to the City by February 15, 2022. Additional public involvement will also be
required during final planning and design phases of the project. Appendix H contains a copy of the
presentation and handout given at the public meeting.
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9 POTENTIAL FUNDING SOURCES

This feasibility study identifies a recommended alternative to advance to final design and
construction to mitigate the alluvial fan flood hazards on the Neffs Creek alluvial fan. Before final
planning and design can proceed, Millcreek must find a way to fund the recommended project. Below
is a summary of some potential funding sources that could be used to fund the final planning, design,
and construction of the project.

FEMA - there are multiple grant opportunities available from FEMA to help pay for some of
(not all) flood control projects. The City is current working with the State on applying for a
Building Resilient Infrastructure and Communities (BRIC) grant. This funding can be used to
undertake hazard mitigation projects that help reduce risks associated with natural disasters
and natural hazards.

NRCS - The NRCS has grant funding options such as the “Watershed Protection and Flood
Prevention Act” (PL-566) which helps participants solve natural resource and related
economic problems on a watershed basis. Projects can include flood prevention and damage
reduction among other things.

Federal Earmark - During the public meeting, the Millcreek Mayor mentioned that he has had
discussions with elected federal representatives from Utah to explore the feasibility of
obtaining federal funding to help pay for the project. Those efforts are in progress.

State Funding - City representatives are currently exploring the potential of obtaining some
state funds to construct the recommended facilities.

County Funding - Salt Lake County may be willing serve as a funding partner on this project,
as it impacts a County Flood Control Facility. However, it is not likely that they could fund a
significant part of the project.

Special District - The City could set up a special district for those living in the alluvial fan flood
hazard to help pay for the project.

Most of these funding alternatives require a local match. It may be possible to obtain funds from
multiple sources to minimize the financial impacts this project could have on Millcreek residents. It
isrecommended that City personnel use this feasibility study to request funding from all the potential
sources listed above and proceed with design and construction as soon as possible.
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10 LIMITATIONS OF STUDY

This document represents Bowen Collins & Associates’ professional judgement based on the
information available at the time of its completion (existing conditions, not burned watershed), and
as appropriate for the project scope of work. Services performed in developing the content of this
document have been conducted in a manner consistent with that level and skill ordinarily exercised
by members of the engineering profession currently practicing under similar conditions. No
warranty, express or implied, is made. If the watershed were to burn, the proposed below grade basin
may not be large enough to contain all of the debris that may come down during a large event.

As this is a feasibility study, there are multiple things that will need to be worked out during final
design and permitting which may have small revisions to the design. The following list contains some
of the major items that will need to be completed during final design and construction:

1. CLOMR to get hydrology approved

Coordination with USFS, FEMA, Public, Dam Safety, and the County

Final design of debris basin, diversions, outlet works, and pipe improvements
Additional geotechnical analysis, borings/trenching, and locating fault

Additional debris flow analysis

A T o

Secure project funding.
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APPENDIX A - PREVIOUS STUDIES
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CRS ENGINEERS

4246 S Riverboat Rd STE 200. Salt Lake City, UT 84123
0.801.359.5565. f.801.359.4272. crsengineers.com

March 23, 2020

David Baird

Mt. Olympus Community Council
4538 S Thousand Oaks Dr
Millcreek, UT 84106
davidbaird70@yahoo.com

Re: Independent Engineering Review of Neffs Creek Flood Hazard Assessment TSDN

Dear David:

The purpose of this memorandum is to discuss the independent review findings for the engineering data, methodology,
calculations, and determinations from the Neffs Creek Flood Hazard Assessment Technical Support Data Notebook prepared
by JE Fuller, March 2016. The primary purpose for the review is to determine if the study followed the FEMA Guidance for
Flood Risk Analysis and Mapping Alluvial Fans.

Study Overview

The Neffs Creek alluvial fan study was prepared for FEMA as part of the Risk Mapping, Assessment, and Planning (Risk MAP)
program to provide residents of the Olympus Cove area with an understanding of the flood risk potential resulting from the
Neffs Creek alluvial fan formation. The study was completed through a three-stage approach to evaluate the geological
characteristics of the alluvial fan formation, make determinations regarding its extent and characteristics, and perform
hydraulic analysis to predict the flood risk potential. The three stages are identified in the study as:

¢ Stage 1: Recognizing and Characterizing Piedmont Landforms
* Stage 2: Defining Active vs Inactive alluvial Fan Flooding
* Stage 3: Defining the 100-Year Floodplain

The independent technical review will follow the three-stage approach and provide an overview of each phase followed by
a discussion and comments regarding findings. Considerations and Recommendations will be provided as part of the
summary and conclusion of the technical review.

Stage 1: Recognizing and Characterizing Piedmont Landforms

The objective of stage one is to determine if the Olympus Cove area can be classified as an alluvial fan landform by
evaluating the sediment composition, stream flow path morphology, vegetation, location, and extent. Each of these items
was evaluated using information available from previous studies, NRCS soil maps, USGS geological maps, and field
observations.

Review Discussion

Based on the FEMA guidelines and the available data collected and presented in the JE Fuller report, stage one of the
delineation process was followed properly. While the soils mapping interpretations would limit the alluvial fan to a smaller
areaq, the surficial geologic mapping provides further insight for a larger alluvial fan area. The evidence is clear that the

Ben Rood, PE CFM

Manager, Water Resources

c.801.372.8112
ben.rood@crsengineers.com



Ben Rood, PE CFM
Manager, Water Resources

Olympus Cove area can be classified as an alluvial fan. The stage one data and findings are consistent with FEMA guidance
and standards.

Stage 2: Defining Active vs Inactive Alluvial Fan Flooding

Defining active and inactive areas of the alluvial fan is done by evaluating the depositions, erosion, and unstable flow path
potential on the alluvial fan. The determinations focus on the age of the fan formation, composition of deposits and evidence
of flooding and flow path uncertainty over the past 1000 years.

Review Discussion

The USGS and NRCS soil maps suggest that the most recent alluvial fan depositions occurred during the late-Holocene period
which ranges from 5,000 years ago to current day. The age of the alluvial fan deposits and the evidence of flow path
uncertainty within historical photos clearly defines the alluvial fan as active. There is evidence in the areal images from 1930s
and1950s that flow path uncertainty dominated the morphology characteristics of the alluvial fan and much of the fan shows
evidence of avulsions with braided channels.

Some minor adjustments to the active areas defined in the JE Fuller study could be made based on the soils mapping, but
none of those adjustments would impact the actual areas included in the floodplain. The evidence suggest that the alluvial
fan is active, and the flood risk analysis should consider the possibility of channel instability and flow path uncertainty. JE
Fuller's determination of active alluvial fan follows FEMA guidance and standards for stage two.

Stage 3: Defining the 100-Year Floodplain

The 100-year floodplain analysis is used to delineate the risk of flooding on the active alluvial fan landform. The primary
components of analysis comprise of the Hydrology and Hydraulics.

Hydrology

The hydrologic analysis utilized in the JE Fuller study was developed from the Salt Lake County Neffs Canyon Creek Master
Plan completed by Hansen Allen and Luce in 2007. The detailed hydrologic analysis uses the NRCS TR-55 methodology
supplemented with site specific analyses and reduction factors. The analysis results in a 1-percent annual chance discharge
of 300 cubic feet per second at the canyon mouth. The rainfall runoff model uses mathematical calculations to determine
the amount of runoff that will result from a rainfall event of a specific magnitude. Rainfall runoff models are generally
calibrated to known runoff events from stream gages and USGS regional regression equations to help improve the accuracy
of the model. USGS regional regression equations are developed using many stream gage stations throughout the state to
predict runoff probability for stream that do not have a gaging station.

Review Discussion

The hydrologic rainfall runoff analysis was compared to the FEMA guidance and standards for General Hydrologic
Considerations and Hydrology: Rainfall-Runoff Analysis. The hydrology guidance and standards section 7.1 states,

“The Mapping Partner reviewing hydrologic analyses based on rainfall-runoff models must compare the proposed base
flood discharges to the flood discharges from USGS regional regression equations (if applicable); to flood discharges
at gaging stations in the vicinity of the study; to the effective discharges; and to other hydrologic estimates as
appropriate. If the rainfall-runoff model was calibrated to discharge-frequency relations (stream gages and/or regional
regression equations), most of the hydrologic review has been completed. If not, the reviewing Mapping Partner must
plot the flood discharge estimates from these sources against drainage areas on logarithmic paper to determine if the
proposed base flood discharges are reasonable. The proposed base flood discharges from the rainfall-runoff model
are considered reasonable if they are generally within one standard error (68-percent confidence interval) of the
regression and gaging station estimates. Differences between the proposed and effective discharges must be
documented in the hydrology report and an explanation given as to why they are different. If the proposed discharges
are determined to be unreasonable, the model parameters should be reviewed to determine if they are within the
range of engineering practice. The model parameters should either be revised to conform to engineering practice, or
their values justified.”
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The project study does not discuss the comparison of the peak flow rate (300 cfs) from the rainfall runoff model to the USGS
regional regression equations or adjacent gage stations. CRS Engineers prepared a comparison of the peak flow rates with
adjacent gages using Bulletin 17C methodology prescribed in the FEMA guidance and standards. CRS Engineers also
compared the flows to the USGS regional regression equations as outlined in USGS SIR 2007-5158. The result of the CRS analysis
show that the regression equations and nearby gaging stations do not provide a good comparison with the peak flow
determined in the rainfall runoff model. FEMA did not provide justification for the flow rate discrepancies; however, some
portion of these discrepancies can be attributed to watershed slope. The Neffs Canyon watershed is very steep and thus will
produce higher peak discharge events than watersheds that have more mild canyon slopes.

Table 1: Peak Discharge Comparison

Stream Location Watershed Method Years of 100-year Peak Low High
Name Area Record Discharge Confidence Confidence
(mi2) (cfs) Limit (0.16) Limit (0.84)
(cfs) (cfs)
Rainfall Runoff . .
Neffs Creek Canyon Mouth 4.2 N/A 300 Undetermined | Undetermined
(HAL Study)
Regression
Neffs Creek Canyon Mouth 3.67 Equations N/A 107 54 161
(StreamStats)
Stream Gage 1899 — Current
Mill Creek Canyon Mouth 21.7 . 9 (107 Record 150 134 171
Bulletin 17C
Peaks)
Regression
Mill Creek Canyon Mouth 21.7 Equations (USGS 63 143 73 214
SIR 2007-5158)
Emigration Stream Gage 1902 - Current
o Canyon Mouth 18.4 1299 (92 Record 160 135 202
Creek Bulletin 17C
Peaks)
. . Regression
Emc'?gl'(o” Canyon Mouth 18.4 Equations (USGS 57 132 66 198
SIR 2007-5158)
Red Butte 1964 - 2019
Red Butte Reservoir, Fort 7.25 Stream Gage (56 Record 114 90 157
Creek Bulletin 17C
Douglas Peaks)
Red Butte Regression
Recdrg;’:e Reservoir, Fort 7.25 Equations (USGS 42 13 57 170
Douglas SIR 2007-5158)

The rainfall storm distribution used in the project hydrology study by Hansen Allen and Luce (HAL) is a proprietary storm
distribution that was developed by Vaughn Hansen and Associates in 1985. Vaughn Hansen later became one of the
founders of HAL. The 100-yr 24-hr storm distribution used in the analysis should not be confused with the Farmer-Fletcher
distribution, which was based on 10-years of rainfall data from 1960-1970 and developed a 1-hour, 2-yr and 10-yr storm
distribution. The controlling storm distribution for the 100-yr 24-hour event was developed by HAL using their company
proprietary storm distribution. The HAL storm distribution from 1985 is cited in the text of the document as (VHA, 1985), however,
there is no documentation in the references sections for the actual publication citation. FEMA guidance and standards for
storm distributions states,

“The choice of temporal storm distribution must be fully documented. If the source of the distribution is not a federal,
state, or regional agency, the documentation must include a detailed description of the derivation of the distribution,
including sources of data and the means of fitting those data to a particular distribution.”
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Documentation of the 100-yr 24-hour storm distribution is not provided in the project study, and the distribution was not
developed by a federal, state, or regional agency. Additionally, the HAL distribution was not used for the remainder of the
studies developed as part of the Salt Lake County Risk MAP project. The distribution used on the remainder of the studies in
Salt Lake County was the NOAA Atlas 14 Temporal Storm Distribution. As part of the Salt Lake County Risk MAP project FEMA
studied Midas, Bingham, and Rose creek that are located on the west side of Salt Lake County. FEMA did not approve the
Southwest Canal and Creek Study as hydrology documentation for the west creeks, knowing it used a similar distribution as is
being accepted in the HAL Study. There is inconsistency between what FEMA approved for Neffs Creek and what was
approved for the other streams in the Risk MAP Study.

CRS Engineers obtained a copy of the HAL hydrologic rainfall runoff model developed in the USACE HEC-HMS software and
revised the storm distribution to determine the impacts of the distribution on the model results. The distribution used for this
comparison was the NOAA Atlas 14 Temporal Storm Distribution with a 24-hour duration, second quartile, and 50% probability.
This distribution is interpolated to match the model calculation time step of 3 minute and input into the model for the upper,
middle, and lower basins for comparison at the canyon mouth. The storm distribution was the only parameter that was revised
in the model which resulted in a decrease of 30 cfs with a peak flow rate of 270 cfs.

CRS Engineers also compared the pecak discharge using the SCS Type Il distribution and found that the peak discharge at the
canyon mouth increased 200 cfs to a peak discharge of 500 cfs. The comparisons of rainfall distribution shows that the HAL
distribution used in the study compares well with the NOAA Atlas 14 rainfall distribution and suggests that the rainfall distribution
used can be validated by distributions developed by federal agencies.

Hydravulics

Hydraulic modeling is used to predict how the peak flow rate will descend from the apex of the fan downstream to the
terminal point of the model which was selected as Wasatch Blvd. A 2-dimensional (2-D) hydraulic model was used to develop
the depths and velocities of the flood event over the alluvial fan surface. Seven individual hydraulic scenarios were evaluated
to determine the maximum flood depth and velocity over the alluvial fan and simulate the flow path uncertainty. The
composite mapping was produced by compiling the maximum depths and velocities into one dataset.

Review Discussion

The 2-D hydraulic model developed for Neffs alluvial fan was compared to the FEMA guidance and standards for 2-D
modeling and alluvial fan hydraulics. The study report steps through each of the parameters that were developed for the 2-
D hydraulic modeling scenarios. This review found consistency between industry standard practice and the parameters that
were developed for control of the model simulations.

FEMA allows for composite methodology to be used in alluvial fan hydraulic modeling. The composite study simulates active
alluvial fan flow path changes by adding levees that divert flow down various flow paths. The location, length, and direction
of these levees was developed based on engineering judgement and know bifurcation location based on aerial imagery
and topography. An evaluation of these levee diversion locations was done through a site visit to look af the potential for
flow path uncertainty at each location. Additionally, the potential for debris accumulation at each location was evaluated
to determine if the scenarios could redlistically occur during the 100-yr flood event.

The study indicates that 33,800 cubic yards of debris will be produced during this discharge event which will cause major
avulsions and flow path uncertainty. Based on the quantity of material it seems feasible for the channels and flow paths to
be cutoff and re-directed as modeled in the hydraulic scenarios. The engineering judgement for placement of the debris
dams seems to be applied in a consistent manner to direct flow down known channel bifurcations to mimic what will happen
in a large debris flow event.

The floodplain mapping produced by the study is a compilation of maximum flow and velocities. Although this approach is
conservative it provides a realistic representation of the risk for flooding down each of the historic flow paths. The depth and
velocity maximums are consistent with FEMA guidance and standards and were developed from the composite study
simulations.

Page | 4



Ben Rood, PE CFM
Manager, Water Resources

Conclusions and Recommendations

The Neff's Creek alluvial fan independent review looked at each component of the study and compared them to the FEMA
guidance and standards. The three-stage approach used by the study is in accordance with FEMA guidance and standards.
The only deviations from standard found involved parameters used in the hydrologic study. Modifications to the hydrology
for the study to bring it intfo conformance with FEMA guidelines would result in lower flow rates being modeled over the alluvial
fan. The lower flow rates may result in a smaller flood zone and possibly reduce the number of houses that are in the flood
zone, but it will not revise the designations of the flood hazard Zone AO and have the same restrictions.

Recommendations

CRS Engineers recommends that the hydrologic deviations from FEMA standard be provided to FEMA for review and
comment to determine if they warrant an official appeal. The following questions should be asked to FEMA for a response.

1. The peak discharge comparison between the FEMA study, USGS regional regression, and stream gages shows that
the determined flows do not fall within the confidence limits required in the FEMA guidance. Would FEMA accept a
flow rate of 100 cfs based on calibration of the Hansen Allen and Luce hydrologic model?

2. Will FEMA provide documentation of their review of the hydrologic analysis that supports compliance with all FEMA
guidance and standards?

3. The storm distribution used from the hydrologic study was not developed from a federal, state, or local agency. Will
FEMA recommend a storm distribution that complies with FEMA guidance and is most appropriate for the Neffs Creek
watershed?e

4. Do the deviations fromm FEMA hydrology guidance and standards warrant an official community appeal?

FEMA may provide additional data that supports their determinations for the hydrology and provide clarification for the
deviations.

A formal appeal to FEMA must be submitted within the 90-day appeal period which began on March 11th, The cost for
producing a formal appeal would be equal to the cost for producing a letter of map revision (LOMR). CRS Engineers
recommends making improvements on the dalluvial fan including a debris basin, channel improvements, and culvert
improvements. These improvements will help minimize the flood zone by providing capacity for the 100-year event and
reduce the risk to community members. Upon completion of such improvements, a request for a LOMR should be submitted
to FEMA fo revise the flood delineation.

Sincerely,
CRS Engineers

Gy o]

Ben Rood, PE, CFM
Water Resources Manager

cc

John Miller
Dan Drumiler
Jeff Silvestrini

2020-0071
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1.0 INTRODUCTION

As part of the Jordan Watershed Risk MAP study for the Utah Division of Emergency
Management (UDEM) and the Federal Emergency Management Agency (FEMA) Region VIII,
JE Fuller/Hydrology & Geomorphology (JEF) was contracted by AECOM to conduct a
geomorphic and flood hazard study for the Neffs Creek watershed located in Salt Lake County,
Utah (Figure 1). The effective FEMA regulatory floodplain for Neffs Creek inadequately
depicts the flood hazards in this urban, highly developed area as evidenced by historical
flooding. The purpose of this study was to assess the 100-year flooding hazard on Neffs Creek
within the geomorphic context of the watershed landforms.

Salt Lake 39

Effective FEMA
Floodplain (Zone A)

Neffs Creek Watershed
D (above topographic
apex)

0 025 05 1 15 2

Miles

Figure 1. Vicinity map




2.0 METHOD OVERVIEW

The FEMA alluvial fan floodplain delineation methodology is based on a three stage process
outlined in the National Research Council’s report, Alluvial Fan Flooding (NRC, 1996). The
National Research Council (NRC) report describes a three stage method used to identify
alluvial fan flood hazards, which was later adopted by FEMA and used in developing their
Guidelines and Specifications for Flood Hazard Mapping Partners-Appendix G: Guidance for
Alluvial Fan Flooding Analyses and Mapping (FEMA, 2003), hereafter referred to as the FEMA
Guidelines.

The FEMA Guidelines describe the following three stage delineation process intended only
for alluvial fan landforms:

e Stage 1: Recognizing and Characterizing Alluvial Fan Landforms
e Stage 2: Defining Active and Inactive Areas of Erosion and Deposition

e Stage 3: Defining the 100-Year Floodplain (for Active Alluvial Fan Landforms)
2.1. Stage1l

Stage 1 of the FEMA alluvial fan methodology is the recognition and characterization of
piedmont landforms. The intent of the Stage 1 analysis is to distinguish alluvial fan landforms
from riverine, sheet flow, ponding, or coastal landforms.! If the landform in question is
identified as an alluvial fan landform, then the delineation may proceed using the FEMA Stage
2 and Stage 3 procedures. If the landform is not an alluvial fan landform, then other
floodplain delineation procedures should be applied. The Stage 1 delineation relies on the
following types of information:

e Composition. Alluvial fans are composed of loose, unconsolidated materials
transported by fluvial or debris flow processes (a.k.a., “alluvium”).

e Morphology. Alluvial fans have the shape of a partially or fully extended fan as
observed on topographic maps or aerial photographs.

e Location. Alluvial fans are usually found at a topographic break where stream
channels become less confined than upstream of the break.

e Boundaries. The downstream boundary of an alluvial fan is called the “toe,” which is
located at an axial stream, lake or landform not formed by alluvial fan flooding
processes. The lateral boundaries of the fan are defined by a transition from alluvial
fan flooding processes to riverine processes, although an alluvial fan may also
coalesce into adjacent alluvial fans to form a bajada.?

1 FEMA Guidelines, p. G-6, 1%t paragraph.

2 A bajada is a low-lying area of confluent pediment slopes and alluvial fans at the base of mountains around a desert.




Data sources for the Stage 1 assessment may include digital topography, National Resource
Conservation Service (NRCS) soil surveys, geologic mapping, aerial photography, and
hydrologic and hydraulic analyses. These data are used to differentiate piedmont landforms
which may include mountains, alluvial fans, and riverine floodplains (both recent and
geologically historical). Locations of topographic apices on the landform are also identified
in Stage 1. The topographic apex is the extreme upstream extent of an alluvial fan landform,
which is often located at the mountain front or within a mountain front embayment. Sudden
expansion of flow at a topographic apex causes sediment deposition, uncertain flood flow
paths, and uncertain flow distribution below the apex. The complex hydraulics associated
with this flow expansion and sediment deposition create significant uncertainties
(unpredictability) that "cannot be set aside in the realistic assessment of the flood hazard”
(FEMA Guidelines), which is the defining characteristic for alluvial fan flooding.

2.2. Stage 2

Stage 2 of the FEMA alluvial fan methodology consists of defining active and inactive portions
of an alluvial fan landform. The FEMA Guidelines define active areas as “that portion of an
alluvial fan where deposition, erosion, and unstable flow paths are possible”. Active areas on
alluvial fans may experience active alluvial flooding defined by “flowpath uncertainty so great
that the uncertainty cannot be set aside in realistic assessments of flood risk or in the reliable
mitigation of the hazard” (FEMA Guidelines), or other types of flooding where uncertainty
can be set aside in mitigating the hazard. Inactive alluvial fan areas are the portions of the
alluvial fan where “flow paths with a higher degree of certainty in realistic assessments of
flood risk or in the reliable mitigation of the hazard” (FEMA Guidelines) exist.

According to the FEMA Guidelines, a Stage 2 delineation may be completed using a
composite-based approach (integrate multiple methods into one result) if the alluvial fan has
unique physical characteristics or varying levels of erosion and mitigation activity (Table G-1
in the FEMA Guidelines). The composite approach can utilize multiple methodologies
(hydraulic analytical methods and geomorphic methods) to define the active and inactive
areas of the fan landform.

2.3. Stage3

Stage 3 of the FEMA alluvial fan methodology involves identifying the areas subject to
flooding in a 100-year recurrence interval event. Stage 3 methodologies range from
probabilistic models such as the FEMA FAN model, to a combination of deterministic models
(e.g. two-dimensional hydraulic models) combined with geomorphic interpretations. For this
study, a composite of hydraulic modeling and geomorphic methods were used downstream
of the topographic apex across the piedmont surface.




3.0 DATA SOURCES

Using the geomorphic approach, surficial stability characteristics were compiled for this
analysis and evaluated from the following sources:

e Detailed Soils Mapping. Natural Resource Conservation Service (NRCS) soils maps
describe soil composition, soil depth, as well as provide some degree of landform
interpretation.

e Surficial Geologic Mapping. The United States Geological Survey (USGS) completed
surficial geologic mapping for project area between 1963 and 1965, prior to much of
the present development. The USGS map indicates relative surface age and landform

type.

e Topographic Mapping. Digital Light Detection and Ranging (LiDAR) mapping (collected
2013) was provided by Salt Lake County and used to assess the surface profile,
crenulation index (degree of incision), landform shape, and slope. Topography was
also used to help define landform boundaries.

e Vegetation. Vegetation patterns can be used to identify flow paths or areas of more
frequent inundation (dense vegetation), sheet flow (uniform vegetation), the degree
of soil development, soil material, surface age, and surface boundaries (e.g.,
vegetation suites change with soil types and landform).

e Drainage Pattern. Inactive fans tend to have tributary drainage patterns with well-
defined divides. Active fans tend to have distributary drainage patterns with poorly
defined divides and/or perched flow paths.

3.1. NRCS Soils Mapping

The soils data used in this study were derived from the NRCS Soil Survey Geographic
(SSURGO) digital soils database for the Salt Lake Area, UT (ut612) and Summit Area, UT
(ut613). These detailed soil surveys were developed for use by land planners, farmers,
ranchers, agronomists, rangeland managers, community officials, geologists, engineers,
developers, builders, home buyers, and watershed and wildlife managers. Figure 2 shows
the soil units found within the project area. Landform interpretation information was
extracted from the NRCS database and is shown in Table 1. Using the NRCS soils landform
information is a valuable first step in the Stage 1 analysis (differentiating alluvial fan
landforms from non-fan landforms). Soil descriptions for all soils found within the project
area are listed in Table 1 and shown in Figure 3. A more detailed discussion of the soils is
included in the Stage 1 analysis (Section 4.0).




NRCS Soils Landform | Lake Terrace
- Alluvial Fan Mountain
Floodplain

0 250 500 1,000 1,500 2,000

Feet

Figure 2. NRCS soils mapping landforms




Table 1. NRCS soil mapping descriptions

Map . L. Landform
Soil Description .
Symbol Interpretation

101 Agassiz-Rock outcrop complex, 30 to 70 percent slopes Mountain
133 Fewkes-Hades complex, 30 to 60 percent slopes Mountain
136 Hades-Agassiz-Rock outcrop complex, 30 to 70 percent slopes Mountain
144 Horrocks-Cutoff complex, 15 to 30 percent slopes Mountain
179 Wanship-Kovich loams, 0 to 3 percent slopes Terrace
BEG Bradshaw-Agassiz association, steep Mountain
BhB Bingham gravelly loam, 3 to 6 percent slopes Lake Terrace
EMG Emigration very cobbly loam, 40 to 70 percent slopes Mountain
GGG Gappmayer-Wallsburg association, very steep Mountain
HHF Harkers soils, 6 to 40 percent slopes Alluvial Fan
HtF2 Hillfield-Taylorsville complex, 6 to 30 percent slopes Lake Terrace
HWF Horrocks extremely stony loam, 5 to 50 percent slopes Mountain
KnA Knutsen coarse sandy loam, 1 to 3 percent slopes Lake Terrace
SC Sandy terrace escarpments Floodplain
SP Stony terrace escarpments Lake Terrace
St Stony alluvial land Floodplain




Aritie
Soil Unit [l evc I HWF sc [ 101 O 144 6
[ BEG GGG [ HtF2 sPl 133 179

~ BhB HHF | KnA [ st 136

0 250 500 1,000 1,500 2,000

Feet

Figure 3. NRCS soils mapping




3.2. Geologic Mapping

The USGS has published surficial and bedrock geologic mapping within the project area as
listed in Table 2. Surficial mapping information is invaluable when conducting landform
geomorphic investigations. Surficial mapping correlates relative ages of surfaces and helps
identify the relative stability of surfaces with respect to flooding potential. Figure 4 shows a
1972 USGS surficial geologic map for the project area and Figure 5 shows a 1992 surficial
geologic map. The geologic unitsin both maps are grouped by geologic composition (alluvium
vs. bedrock) and landform type (stream deposit, lake deposit, etc.) which is relevant to the

Stage 1 analysis (Section 4.0).

Individual mapped unit descriptions are included in Section 4.0. The USGS mapping was the
primary data source for determining the active vs. inactive alluvial fan surfaces (Stage 2). As
such, the geologic mapping is discussed in more detail in the Stage 2 analysis (Section 5.0).

Table 2. Available USGS geologic maps

Zone, Davis, Salt Lake, and Utah Counties, Utah.

Map
Map Name Scale Year Author

Format
Surficial Geologic Map of the Sugar House Quadrangle, 1:24,00

Raster 1972 Van Horn, R.
Salt Lake County, UT 0
Surficial Geologic Map of the Salt Lake City Segment .

) 1:50,00 Personius, S.F., and
and Parts of Adjacent Segments of the Wasatch Fault Raster 1992
0 W.E. Scott
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Figure 4. USGS Surficial Geologic Mapping (Van Horn, 1972)
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Figure 5. USGS Surficial Geologic Mapping (Personius et al., 1992)
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3.3. Aerial Photography

3.3.1. Modern Orthophotography

National Agriculture Imagery Program (NAIP) orthophotography was used for this analysis.
NAIP acquires aerial imagery during the agricultural growing seasons in the continental U.S.
A primary goal of the NAIP program is to make digital orthophotography available to
governmental agencies and the public within a year of acquisition. This analysis used 2014
NAIP orthophotography at a resolution of 1-meter/pixel (Figure 6).

3.3.2. Historical Photography

Historical photographs from 1950 and 1962 were collected and semi-rectified using
Geographic Information System (GIS) software tools (Figure 7). The study area is highly
urbanized which makes landform identification difficult. Historical photographs that pre-date
major development are invaluable when conducting geomorphic investigations.

3.4. Topographic Mapping

The primary mapping source used in this analysis was digital LiDAR data provided by Salt Lake
County. The primary purpose of LIDAR data was to provide a source dataset for geospatial
analysis and mapping, and the production of high resolution LiDAR derived products such as
digital elevation models (DEMs). These classified LiDAR point cloud data were used to create
3D breaklines, hydro-flattened bare earth DEMs, and highest hit DEMs. The LiDAR was
collected between November and December 2013. Figure 8 shows the mapping data as both
a digital surface and as 10-foot contours.
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4.0 STAGE 1: RECOGNIZING AND CHARACTERIZING PIEDMONT LANDFORMS

4.1. Stage 1 Overview

A Stage 1 alluvial fan delineation was performed for the Neffs Creek project area. Neffs Creek
canyon is cut into the western slope of the Wasatch Range within the vicinity of the Mount
Olympus Wilderness. The Neffs Canyon headwaters are at approximately 9,500 feet with the
canyon mouth at approximately 5,600 feet. The transition from mountain to piedmont is
abrupt which is common along much of the western Wasatch Range. Prior to the 1950s, only
sparse agricultural development was present on the piedmont. By 1962 urbanization had
begun to work its way up the slope toward the mountain front, and by the early 1970s the
piedmont was entirely urbanized as it remains today (see Figure 6 and Figure 7).

4.2. Composition

One of the FEMA Guidelines criteria for defining an alluvial fan landform includes
composition. Alluvial fans are composed of loose, unconsolidated materials transported by
fluvial or debris flow processes (a.k.a., “alluvium”).

4.2.1. Soils Mapping Interpretations

Table 1 gives a list and description of the NRCS soil units within the project area and includes
the landform classification as found within the soil unit description.

The NRCS soils mapping indicates most of the piedmont is composed of unit HWF (Horrocks
extremely stony loam) with the lateral limit areas composed of HHF (Harkers soils). The soil
profile of HWF is cobbly clay loam to a depth of 20 inches, extremely stony sandy loam from
29 inches to 40 inches, and bedrock below 40 inches. It should be noted that this profile is
not typical of active alluvial fan surfaces. By definition, alluvial fans are an aggrading landform
and thus are generally composed of thick (10s of feet) layers of unconsolidated alluvium. The
alluvial composition of active alluvial fans usually result in a soil profile that is characterized
by moderate to high rates of precipitation infiltration. The NRCS has developed a series of
Hydrologic Soil Groups (HSG) based soil runoff and infiltration characteristics. HSG-A has the
highest infiltration rates while HSG-D has the lowest. HSG-D is generally characterized by
high percentages of clay and less than 50% sand, which is atypical of active alluvial fans.
Alluvial fans are generally classified as HSG-B or HSG-C.

Unit HWF is classified by the NRCS as a mountain slope landform with HSG-D. The relatively
thin soil profile of HWF (40 inches) and the HSG-D classification suggests a pediment landform
rather than an alluvial fan landform. A pediment is defined as a broadly sloping erosional
surface located at the base of a mountain front. The key difference between a pediment and
an alluvial fan is a pediment is erosional and an alluvial fan is depositional. Both features are
composed of alluvium which is the minimum standard in the FEMA Guidelines in defining an
alluvial fan landform.
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Unit HHF which is found along the lateral margins of the piedmont is characterized by the
NRCS as an alluvial fan landform with a thick alluvial soil profile and a HSG-C classification.
This soil description is more typical of what generally defines an alluvial fan landform.

The HWF soil unit is truncated by unit SP (Stony terrace escarpments). This soil unit is
composed of lacustrine sediments from Lake Bonneville. Lake Bonneville, a prehistoric pluvial
lake3, covered much of northern Utah between approximately 32,000 years BP* and 14,500
years BP. Lake Bonneville shoreline evidence is present within the piedmont area and is
explained in more detail in the following section. Unit SP is composed of alluvium but is not
deposited by alluvial fan flooding processes.

The key fact derived from the NRCS soils mapping with respect to Stage 1 are that the
piedmont area is underlain by alluvium that was derived from the Neffs Creek watershed.

4.2.2. Surficial Geologic Mapping Interpretations

Figure 4 and Figure 5 show the USGS surficial geologic mapping for the study area. The figures
show the entire piedmont project area is composed of alluvium of either Pleistocene or
Holocene in age. Complete descriptions of the surficial geologic units that are provided on
the maps are included in Table 3. The importance of the geologic mapping with respect to
Stage 1 is to differentiate the alluvial (piedmont units) landform from the non-alluvial
(bedrock) and riverine (floodplain) landforms. This differentiation separates the alluvial fan
from the non-alluvial fan landforms. The USGS mapped units are described below in order of
age youngest to oldest per map:

3 Pluvial Lake is defined as a closed basin that filled with water during times of glacial climatic conditions.

4 BP = before present
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Table 3. USGS map unit descriptions

Map
Label

Unit Description

Unit Type

Age

Van Horn, 19

fa

Floodplain alluvium. Cobbly to silty sand,
dark-gray at top grading downward to
medium- to light-gray sandy to cobbly
gravel and sand in lower part; locally
bouldery near mountain front; more than
5 feet thick.

Riverine Floodplain

Late Holocene

fgb-fg5

fga

Bouldery to sandy silt at low altitudes and
boulder to silty gravel and sand at high
altitudes; stones angular to subrounded;
dark gray to moderate brown; as much as

Fan Deposit

Early to Mid-
Holocene

20 feet thick. Locally overlies, and at places
grades laterally into, lake gravel. Relative
age indicated by number.

Undifferentiated fan deposits younger
than the Bonneville shoreline. All units are
subject to sudden and violent flash floods
and mudflows.

Fan Deposit

Late Pleistocene

fg3-fgl

Old undifferentiated alluvial fan deposits
older than the Bonneville shoreline.
Relative age indicated by number. Units
fg2 and fg3 are subject to sudden and
violent flash floods and mudflows.

Fan Deposit

Early to Mid-
Pleistocene

bs

Sand, fine to coarse, slightly silty, light-
brown to light-gray, 5-10 feet thick.
Deposited in a lake, probably near shore.

Lacustrine Deposit
(Lake Bonneville)

Mid- to Late
Pleistocene

bgo

Gravel and sand, locally cobbly, gray-to
brownish-gray; rounded stones 5-20 feet
thick. Locally has a weakly to moderately
developed soil formed on it. Deposited as
a lakeshore embankment at the Bonneville
shoreline.

Lacustrine Deposit
(Lake Bonneville)

Mid- to Late
Pleistocene

ag

Gravel unit. Cobbly gravel and sand,
medium- to light-bluish gray; rounded
stones; more than 20 feet thick. Boulders
commonly present near base. Upper 10-15
feet commonly moderately to weakly
cemented by calcium carbonate.
Deposited as a lakeshore embankment at
about 5,130 feet above sea level.

Lacustrine Deposit
(Alpine Formation)

Late Pleistocene
to Early Holocene

fgo

Old undifferentiated alluvial fan that

Fan Deposit

predates the Bonneville shoreline.

Pleistocene
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Table 3. USGS map unit descriptions

Map
Label

Unit Description

Unit Type

Age

Idm

Deposited at the mouth of Neffs Canyon
by slow to rapid downslope movement of
material forming the slope.

Mudflow Deposit

Quaternary

Bedrock

Bedrock

Jurassic to
Precambrian

Personius et al.,

1992

all

Stream alluvium. Sand, silt, and minor clay
and gravel along Jordan River and lower
reaches of its tributaries. Forms floodplain
and terraces less than 5m above modern
stream level.

Stream Deposit

Upper Holocene

af2

Fan alluvium. Clast-supported pebble and
cobble gravel, locally bouldery, in a matrix
of sand and silty sand; poorly sorted; clasts
subangular to round. Deposited in
perennial and intermittent streams, debris
flows, and debris floods graded to modern
stream level.

Fan Deposit

Middle Holocene
to Uppermost
Pleistocene

afb

Fan alluvium related to transgressive
phase. Clast-supported pebble and cobble
gravel, locally bouldery, in a matrix of sand
and silty sand; poorly sorted; clasts
subangular to round. Deposited by
streams graded to shorelines of the
transgressive phase of the Bonneville lake
cycle, and forms fans graded to theses
shorelines.

Fan Deposit

Upper Pleistocene

Lacustrine sand and gravel related to
transgressive phase. Clast-supported
pebble, cobble, and rarely boulder gravel,
in @ matrix of sand and pebbly sand; locally
includes interbedded silt and clay ranging
from thin beds and lenses to lagoonal
deposits as much as 10m thick. Deposited
in beaches, bars, spits, and small deltas
and lagoons. Commonly covered by
deposits of hillslope colluvium, but
typically forms wave-built bench at the
Bonneville shoreline and at several less
well developed beach berms between the
Provo and Bonneville shorelines.

Lacustrine Deposit
(Lake Bonneville)

Upper Pleistocene
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Table 3. USGS map unit descriptions

Map

Unit Description Unit Type Age
Label

Fan alluvium. Clast-supported pebble and
cobble gravel, locally bouldery, in a matrix
of sand and silty sand; poorly sorted; clasts
subangular to round. Forms small fans and
fan remnants topographically above or cut
by the Bonneville shoreline. Correlative
deposits probably underlie much of the
map area and are buried by younger
deposits downslope from the Bonneville
shoreline.

Upper Middle

af4 .
Pleistocene

Fan Deposit

Landslide deposits. Grain size and texture
character of deposits in source area; Holocene to
cls usually unsorted, unstratified. Deposited Colluvial Deposit Middle

as slides and slump-earthflows on Pleistocene
relatively steep slopes in mountains.

The surficial geologic mapping indicates four basic landform types are found within the
vicinity of Neffs Creek: Piedmont (fan, mudflow, and colluvial deposits), Riverine (floodplain
deposits), Lake (lacustrine deposits), and Bedrock. Units fgé though fgl (Van Horn, 1972) and
units af2, af4, and afb (Personius et al., 1992) are identified specifically as alluvial fan deposits
on their subsequent surficial geologic maps.

4.2.3. Field Observations

A field visit was conducted on March 10, 2015 and consisted of walking and driving portions
of the study area and collecting field photographs. A significant amount of time was spent
within the area of the topographic apex to observe and interpret the existing conditions
morphology. A man-made ditch was observed near the topographic apex that appeared to
be constructed to divert low-flow from the creek (Figure 9). There was no streamflow in
either in the main channel or the ditch during the field visit. The ditch diverts flow away from
the main channel which is topographically lower and steeper than the ditch. The right bank
of the ditch is comprised of a boulder levee between two to three feet in height (Figure 9).
The flow capacity of the ditch is significantly less than the main channel. Field evidence
indicated the boulder levee had been breached in the recent past (likely due to overtopping)
near the diversion point. The ditch diverts flow away from the historical Neffs Creek channel
and into a canal system that presently drains to the 1-215 highway embankment. The 1950
historical aerial photograph shows the canal making a 90 degree bend near the present
alignment of Fortuna Way and draining across a series of agricultural fields. This suggests the
canal was constructed to divert Neffs Creek flows for irrigation. There are 10 present road
crossings with culverts along the canal system. Each culvert was field verified and their
openings were measured during the March 10t visit. That collected data was later used in
the hydraulic modeling effort.
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The historical photographs indicate many flow bifurcations downstream of the topographic
apex. The identification of bifurcations was challenging due to the dense vegetation present
in the historical photographs. Although the landform has been substantially altered by the
construction of roads and structures, many of the bifurcations are still active as was observed
during the field visit. Roads and other structures have changed the relative distribution of
flow across the surface, but the hydraulic modeling analysis (discussed later in this report)
indicated many of the historical bifurcations are still active during large floods. Bifurcations
identified from the 1950 aerial photograph are shown in Figure 10 (also plotted against the
2014 orthophotography).
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Figure 9. Photographs of Neffs Creek diversion near the topographic apex
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4.2.4. Summary

The NRCS soils mapping, USGS surficial geologic mapping, and field observations all report
similar findings regarding the alluvial composition of the Wasatch Range piedmont within the
vicinity of Neffs Creek. Therefore, it is concluded that the piedmont is composed of non-
consolidated alluvium deposited by fluvial processes, which meets the composition criteria
specified in the FEMA Guidelines to classify the surface as an alluvial fan landform.

4.3. Morphology

According to the National Research Council definition (1996), “alluvial fans are landforms that
have the shape of a fan, either partly or fully extended.” The Wasatch Range piedmont within
the project area consists of a series of coalescing landforms each with the shape of a partially
extended alluvial fan. These coalescing alluvial fans comprise a bajada which also shows a
somewhat distorted, partially extended fan shape which is readily visible on the historical
USGS topographic map that pre-dates most of the urbanization of the piedmont (map date:
1952). The USGS map shows smooth contour crenulations and radial lines indicating the
degree of fan incision and channel confinement, but uniformly depict a fan shape (Figure 11).
Contour radial lines that curve in the downstream direction are indicative of alluvial fan
landforms.

Another morphologic feature which supports identifying the piedmont as an alluvial fan
landform is the slope. Alluvial fan landforms represent the transition from the steep
mountain slopes to the flatter axial valley streams. An analysis of the Wasatch Range
piedmont slope indicates a sharp transition from very steep (>20%) in the mountain to
between 10% and 20% on the piedmont. The slope transition also indicates a general fan
shape of the piedmont (Figure 12). The topographic break at the mountain-piedmont
transition is the topographic apex of the alluvial fan.

Based on the analysis of the topographic and morphologic data, it is concluded that the shape
of the Neffs Creek piedmont meets the FEMA Guidelines definition of an alluvial fan landform.
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Figure 11. Wasatch Range piedmont bajada within the project area
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4.3.1. Location

The NRC (1996) definition of an alluvial fan landform states that “alluvial fan landforms are
located at a topographic break where long-term channel migration and sediment
accumulation become markedly less confined than upstream of the break.” The piedmont
abuts the steep mountain front of the Wasatch Range as indicated by the abrupt change in
slope in Figure 12. The mountain front is deeply embayed, which reflects the age and long
erosion history of the mountains and creates a linear upstream boundary at the topographic
break. At the mountain front, the fluvial environment transitions to one of deposition as
indicated by the contour lines (see Figure 11).

4.3.2. Boundaries

The upstream and lateral limits of the piedmont within the project area are defined by the
Wasatch Range mountain front, as indicated by the topographic break described previously.
The downstream limits of the piedmont were determined from examination of the following:

e NRCS soils. Transition from NRCS interpreted landforms (mountain and alluvial fan to
lake terrace).

e USGS surficial geologic mapping. Transition from alluvial stream deposits to lake and
river deposits.

e Slope. Transition from steeper slopes (8%-10% = piedmont landform) to shallower
slopes (<8% = lake and riverine floodplain landforms).

e Aerial photograph interpretation

4.3.3. Previous Studies

The Utah Geological and Mineral Survey (UGMS) conducted a study in 1974 titled Mt.
Olympus Cove Environmental Geology Study. The primary purpose of the study was to
address the concerns of the then Salt Lake County Planning Commission on the
environmental factors that might have bearing on the future course of development in the
Mt. Olympus Cove area. The study was also intended to provide a template for similar
assessments in a broader context of the Wasatch Front. The following is an excerpt from the
study:

The cove itself is largely an alluvial fan. In the northeast the alluvium of the fan abuts against
bedrock with a more or less clear break in slope at the contact, but in the southeast the break
in slope is not well defined. The alluvium in the fan consists of intercalated muds, sands, and
gravels of great thickness. A complex interfingering exists at depth with better sorted and
stratified silts, sands, and gravels that were deposited in Lake Bonneville through the course
of multiple regressions and incursions of its shoreline. p.3.

The Mt. Olympus Cove area is referred to as an alluvial fan in several more instances within
the 1974 study report.
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4.3.4. Conclusion

The NRCS soil mapping, USGS surficial geologic mapping, and field observations clearly show
that the Wasatch Range piedmont within the vicinity of Neffs Creek is composed of
sedimentary deposits (alluvium). The topographic mapping shows that the piedmont
landform is located at the base of a mountain front and has the shape of a partially extended
fan, has steep slopes, and radiating contours. Morphologic data, such as the drainage
pattern, surface distribution, relief, and channel geometry, are also characteristic of an
alluvial fan landform. Finally, the 1974 UGMS study described the Mt. Olympus Cover area
as an alluvial fan. From these sources it can be concluded that the Wasatch Range piedmont
is an alluvial fan landform and that the FEMA Guidelines for applicability of a Stage 2
assessment apply. Figure 13 shows the Stage 1 landform analysis map.
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Figure 13. Stage 1 landform assessment
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5.0 STAGE 2: DEFINING ACTIVE VS. INACTIVE ALLUVIAL FAN FLOODING

Stage 2 of the FEMA alluvial fan methodology consists of defining active and inactive areas
within specific portions of the Wasatch Range piedmont alluvial fan landform, as well as
characterizing the nature and types of flooding throughout the landform. Active areas on an
alluvial fan consist of those portions of the landform where deposition, erosion, and unstable
flow paths are possible. Active areas can experience active alluvial fan flooding (flowpath
uncertainty so great that the uncertainty cannot be set aside in realistic assessments of flood
risk or in the reliable mitigation of the hazard), in addition to other types of flooding. Inactive
alluvial fan areas are the portions of the alluvial fan landform where active fan processes do
not occur, but are still subject to flooding hazards.

5.1. Overview of Stage 2 Methodology Concepts

The physical characteristics of a landform provide clues as to its depositional history, existing
level of stability, and future flood potential. If a portion of the landform becomes isolated
from its original watershed and watercourse, it ceases to receive new deposits and its surface
will begin to age and develop specific physical characteristics indicative of its age.

Landform surfaces free from new deposition will also begin to erode due to direct rainfall and
the ensuing runoff on the surface. As the surface erodes, new tributary channel networks
develop which become more incised and integrated with time. The channels gradually
deepen and widen, creating a greater degree of relief between the channel bottoms and the
ridges which separate them. The degree of relief can be directly observed in the field or on
aerial photographs, but can also be detected by examining the crenulation (curviness) of
topographic map contours.

The USGS surficial geology mapping, and to a lesser extent the NRCS soils mapping,
differentiate surfaces based on the types of geomorphic characteristics discussed previously.
Therefore, the map data also provide information about surface age, stability, and flood
potential. Young surfaces are likely to continue to experience flood inundation, sediment
deposition, and channel movement. Older surfaces are unlikely to experience such
processes, or will experience such processes at a much lower magnitude. Older surfaces tend
to be more stable because their soils are more resistant due to the cohesion provided by
accumulations of clay, and calcium carbonate as well as due to containment of flow within
defined, vegetation-lined channels. That s, the likelihood of the channel changing its location
over time is greatly diminished. Conversely, areas with non-cohesive, coarse soil materials
and little lateral relief are more susceptible to lateral changes in channel position.

The USGS mapping indicates the Wasatch Range piedmont within the project area is
composed of Pleistocene and Holocene-age surfaces. The surfaces increase in age moving
south along the mountain front from Neffs Creek. The piedmont surface associated with
Neffs Creek is the youngest unit (fg5) in the area and is early Holocene in age. The mapping
also indicates the fg5 unit overlays the Bonneville Lake sediments indicating active deposition
from Neffs Creek has occurred since the recession of the lake. The piedmont surface units
south of Neffs Creek (fg3, fg2) are older than fg5, however their description indicates they
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are subject to “sudden and violent flash floods and mudflows” which are characteristic of
active alluvial fan flooding.

5.1.1. Age Relationships

The surficial age of the areas of the Neffs Creek portion of the alluvial fan landform identified
as active range between 1.8 million years before the present (Pleistocene) to the present
(late-Holocene). The areas identified as inactive can be generally described as bedrock and
range from 490 million years before present (Cambrian) to 248 million years before present
(Permian).

5.2. Previous Studies

A debris flow hazard study for Neffs Creek Canyon was conducted in 2005 (AGEC, 2005). The
purpose of the study was to assess the debris flow hazard potential for Neffs Canyon as it
related to existing development on the piedmont below the canyon mouth. The study
included an assessment of aerial photographs to map the extent of the alluvial fan landform
downstream from the topographic apex, specifically looking for distinct debris flow
indicators. Their study did not identify discrete debris flow lobes, but their interpretation was
that the irregular extent of the distal boundary of the fan suggests a series of discrete flows
with variable run-out distances. It was also noted that the fan surface overlies the Lake
Bonneville deposits indicating deposition has occurred on the surface within the last 15,000
years. The overall conclusion of the study was that Neffs Canyon is subject to potential debris
flows that could reach the alluvial fan. This conclusion suggests that the alluvial fan is
potentially subject to active alluvial fan flooding processes. The AGEC report is included in
Appendix A.

5.3. Summary of Stage 2 Analysis

Figure 14 shows the limits of the Stage 2 analysis results within the study area. Analysis of all
the pertinent data including soils mapping, geologic mapping, topographic mapping, aerial
photography, field observations, and previous studies indicate the Neffs Creek piedmont
within the study area can be classified as an active alluvial fan per the FEMA Guidelines. The
active alluvial fan landform comprises the entire piedmont area that is composed of alluvial
sediments derived from erosion of the upper canyon above the topographic apex.

30



Stage 2
Active

0 250 500 1,000 1,500 2,000

Inactive
Feet

Figure 14. Stage 2 analysis map
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6.0 SUMMARY AND RECOMMENDATIONS

The Neffs Creek study area is composed of two primary landforms, 1) Mountains; and 2)
Piedmont. A FEMA Appendix G Guidelines assessment was conducted to determine whether
the piedmont area could be characterized as an alluvial fan landform (Stage 1). The results
of the Stage 1 analysis concluded that the piedmont is an alluvial fan landform, thus
necessitating a Stage 2 analysis. The Stage 2 analysis resulted in the findings that the
piedmont is subject to active alluvial fan flooding. Based on the results of this analysis a Stage
3 (alluvial fan floodplain delineation) assessment is appropriate.
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7.0 STAGE 3 - DEFINING THE 100-YEAR FLOODPLAIN

The 100-year flood hazard assessment is an outgrowth of the information and results
identified and generated in Stages 1 and 2. In Stage 1, portions of the project area were
identified as part of an alluvial fan landform. In Stage 2, the active portions of the alluvial fan
landform were identified. According to the FEMA Guidelines, “the delineated flood prone
areas of Stage 2 should approximate the largest possible extent of the 100-year flood.” In
Stage 3, floodplain limits for the 100-year (1% annual chance) flood are delineated for the
active alluvial fan areas characterized by:

e Active Alluvial Fan Flooding. Flowpath uncertainty so great that the uncertainty
cannot be set aside in realistic assessments of flood risk or in the reliable mitigation
of the hazard. The floodplain in the areas with unstable flowpath flooding
downstream of the hydrographic apices were delineated using geomorphic data in
conjunction with the Maximum flood hazard hydraulic modeling results.

The Stage 3, 100-year floodplain delineations were incorporated into the Flood Insurance
Rate Map (FIRM) Zone delineations described later in this report and are shown on the
Floodplain Workmaps included in Appendix B.

7.1. Alluvial Fan Flood Hazard

The FEMA Guidelines state that active alluvial fan flooding hazard is indicated by the following
three criteria:

1. Flowpath uncertainty below the hydrographic apex.

2. Abrupt deposition and ensuing erosion of sediment as a stream or debris flow loses
its ability to carry material eroded from a steeper, upstream source.

3. An environment where the combination of sediment availability, slope, and
topography creates an ultrahazardous condition for which elevation on fill will not
reliably mitigate the risk.

The Neffs Creek piedmont exhibits these three criteria within limited portions of the active
alluvial fan areas. One of the fundamental challenges with delineating a regulatory 1-percent
annual chance floodplain on an active alluvial fan is addressing the actual hazard on any
portion of the fan when, by definition, the landform is susceptible to changes both during and
following a flood event. The most hazardous areas of an active alluvial fan are generally found
near the apex with the flooding and sedimentation hazard generally decreasing in the
downstream direction. This is the situation found within the project area.

7.2. Flowpath Uncertainty

An avulsion is the process by which flow is diverted out of an established channel into a new
course on the adjacent floodplain (Slingerland & Smith, 2004). Avulsions divert flow from
one channel into another, leading to a total or partial abandonment of the previous channel
(Field, 2001; Bryant et. al., 1995), or may involve simple flowpath shifts in a braided or sheet
flooding system (Slingerland & Smith, 2004). Avulsions are commonly associated with alluvial
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fan flooding, but are also known to occur on riverine systems and river deltas (Slingerland &
Smith, 2004).

The occurrence of avulsions is what makes an alluvial fan “active.” Avulsions give the alluvial
fan the ability to distribute water and sediment over the surface of the landform, which
results in the radial “fan” shape. Avulsions influence flood hazards on an alluvial fan landform
by changing the location, concentration and severity of flooding on the fan surface. That is,
an area not previously inundated by flooding (or inundated only by shallow flow) may in a
subsequent flood become the locus of flood inundation, sediment deposition, and/or
erosion. If an alluvial fan has no risk of avulsion, flood hazard delineation and mitigation
become much simpler engineering problems, consisting only of modeling two-dimensional
flow and/or normal riverine hydraulic and sedimentation issues.

The occurrence of major avulsions in an alluvial fan drainage system introduces the following
complications into an engineering analysis of the flood hazard:

e Uncertain and changing flowpath locations, during and between floods

e Continually changing channel and overbank flowpath topography

e Inundation and/or sedimentation hazards in previously un-flooded areas

e Uncertain and changing flow rate distribution for areas downstream of avulsions
e Uncertain and changing watershed boundaries for areas downstream of avulsions
e Aggrading, net depositional land surfaces and channels with diminishing capacity
e Unsteady, rapidly-varied flow conditions

e High rates of infiltration and flow attenuation across the fan surface

The flowpath uncertainty issue was addressed in this analysis by the use of the Maximum
flood hazard two-dimensional hydraulic modeling results. Flowpath uncertainty is caused by
abrupt channel avulsions that occur during flood events. The cause of the channel avulsion
can vary from channel aggradation (sedimentation) causing a rapid lateral shift in channel
position, to overbank flooding carving a new channel, to upstream headcutting resulting in
channel piracy. Regardless of the cause, the resulting abrupt change in channel position is
something that is generally unpredictable and uncertain. The flowpath uncertainty analysis
methodology addresses the channel avulsion potential element of the hazard analysis.

7.3. Flowpath Uncertainty Modeling

The overall objective of flowpath uncertainty modeling was to force flooding in directions
that would simulate avulsions, and to estimate maximum depths and velocities over the
whole radial width of the Neffs Creek active alluvial fan area by modeling a series of “virtual”
levees. The number, geometry, and alignment of the virtual levees were selected to achieve
those objectives. Each virtual levee scenario was optimized to direct flow from a bifurcation
point to a different area across the width of the alluvial fan. Given the coalescing nature of
the alluvial fans, there are multiple scenarios.
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The following criteria were considered when developing the virtual levees for the Neffs Creek
flowpath uncertainty analysis:

Levee Length. The virtual levee lengths varied at each location. The lengths were
determined based on engineering judgment to achieve the objective of concentrating
flows to various target locations downstream.

Number of Levee Scenarios. The number of virtual levee scenarios modeled were
dependent on the surface morphology and the downstream target objectives.

Alignment. The virtual levees were aligned at moderate angles to the fan axis so that
they did not cause a significant “pile up” of flow in the model results.

Coding. The virtual levees were coded into the model as to not overtop or fail during
the model simulations.

Model Iteration. Multiple modeling integrations were performed to meet the target
area objectives. Several virtual levees scenarios can be run within the same hydraulic
model if the model results indicate there is no hydrologic inter-mixing of the two
scenario results downstream of the virtual levees.

Final Hazard Delineation. The maximum depth and velocity at each model grid cell
from the maximum flood hazard modeling results were used as the final regulatory
flood depth and velocity. In other words, the maximum flow depth at each grid cell
was computed using the highest depth value considering all the scenarios. This
approach was applied to all the grid cells in the model. Additional details on this
maximum “composite” approach to the hydraulic modeling results are discussed in
the Model Development section of this report.

Conservative Results. The virtual levee scenario employed for this analysis produces
conservative flood depth and velocity results, particularly given the (probable) low
frequency of avulsion on fans in Utah, as well as the fact that actual avulsions do not
completely divert the entire hydrograph along a particular alignment.

7.4. Hydrologic Analysis

Hydrology used in the analysis was derived from a previous study commissioned and
approved by Salt Lake County. The Neffs Canyon Creek Master Plan was completed in 2007
and included a complete hydrologic analysis for the 10- and 100-year recurrence interval
storm events. Two concentration points were identified and summarized in the analysis:

Table 4. Neffs Creek estimates discharges (from HAL, 2007)

Predicted Rainstorm Runoff Flow Rates (cfs)
Location
10-year 100-year
Canyon Mouth 70 300
Wasatch Blvd. 90 350
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The discharge estimate at the Canyon Mouth is equivalent to the location of the topographic
apex for this study. The hydrology for the 2007 study was the approved hydrology for Neffs
Creek at the time of this study, thus was adopted as the inflow at the topographic apex. The
2007 study is included in entirety in Appendix C.

7.5. Hydraulic Analysis

Hydraulic analyses performed for the Neffs Creek study was completed using the software
package - FLO-2D. FLO-2D is a dynamic two-dimensional hydrologic and hydraulic model that
conserves volume as it routes hydrographs over a system of square grid elements. The model
routes runoff over the grid using the dynamic wave momentum equation and a central finite
difference routing scheme. The floodwave progression is affected by the surface topography
and roughness values (Manning’s n-values) associated with land use characteristics. The FLO-
2D version used for this study is Version 2009.06 Build No. 09-13.05.13, the executable is
dated October 29, 2013.

FLO-2D model development was based on the HAL (2007) 100-year hydrograph at the
topographic apex. A total of seven (7) FLO-2D models were run to estimate the 100-year
composite flood hazard accounting for the flowpath uncertainty scenarios as described
previously. The model naming convention is based on the flowpath uncertainty scenario
number.

7.5.1. FLO-2D Model Development

7.5.1.1. Model Domain Development

The scope of this project was to consider the flooding impact from Neffs Creek. Although
areas outside of Neffs Creek flood inundation limits were mapped as part of the Stage 2
analysis (see Figure 14), the focus of the FLO-2D model development was the Neffs Creek
flood inundation area only. The model domain boundary was selected so as to include the
area of potential flow from Neffs Creek on the alluvial fan without including much excess area
that would significantly increase the size of the model. The domain was developed iteratively
by creating a model that was well in-excess of the Neffs Creek flood inundation area. That
initial model domain was then modified to exclude significant areas that were not inundated
by flows from Neffs Creek. The final selected domain boundary is approximately 0.80 square
miles. The downstream domain boundary is Wasatch Blvd. and was selected by a mutual
decision between AECOM, JEF, and Salt Lake County. The model domain is shown in Figure
15. It should be noted that areas outside of the model domain may be subject to potential
flood hazards from sources outside of Neffs Creek.
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Figure 15. FLO-2D model domain boundary
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7.5.1.2. Model Grid Size Development

The watershed surface is represented in FLO-2D as a grid comprised of square elements. The
size of the individual grid element is critical to the desired detail of model output and
floodplain delineations — the smaller the grid element size, the more defined the model. For
example, since the grid element elevation is averaged from the topographic data, large grid
elements provide less topographic detail when compared to smaller grid elements. However,
although a smaller grid element will provide more detail of the topographic surface data,
model run time is significantly impacted by the number of grid elements. A practical grid
element size should be selected to achieve the desired detail of the modeling effort while
taking into consideration the model run time (number of grid elements). The grid element
size selected for this study measures 10’x10’. The total number of grid elements for each FLO-
2D model is 223,343.

7.5.1.3. Model Grid Elevation Development

Grid elements measuring 10'x10° were considered detailed enough to capture the
topographic relief and man-made features (roads, landscaping, etc.) found within the study
area. Grid element elevations were estimated from the Salt Lake County LiDAR mapping data
(see Section 3.4) using an ArcGIS (v.10.2.2) routine. The LiDAR was converted to a 10’x10’
pixel raster. The conversion procedure averages the elevation within each pixel to a single
value assigned to the pixel. The raster was then clipped to the FLO-2D domain boundary.

7.5.1.4. Model Grid Roughness Development

Grid element roughness values (roughness coefficients/Manning’s n-values/n-values) were
assigned to each grid element based on surface characteristics aerial photograph
interpretations, and field reconnaissance. The resulting interpretation was delineated into a
GIS dataset (Figure 16) that became the basis for the grid element Manning’s n-value
assighment. Table 5 lists the n-value assignment based on land cover type. Vegetation
observed throughout most of the study area consisted of dense shrub and brush. Figure 17
shows typical vegetation density that was observed during the May 2015 field visit. The
selection of Manning’s n values for the cover types were derived from the Table 1. In the FLO-
2D Reference Manual.

Table 5. Manning's n-value assignments

Cover Type Manning’s N-Value Assighnment
Roads 0.02

Structures 0.06

Vegetation 0.08
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Figure 16. Manning's n-values used in the FLO-2D model
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Figure 17. Typical vegetation density observed in the study area
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7.5.1.5. Model Grid Aerial Reduction Factor (ARF) Development

An Area Reduction Factor (ARF) was applied to each grid element that had some percentage
of area covered by a building structure. The factor reduces the area of a grid cell available for
floodplain storage. Structure footprints were delineated based on interpretation of the 2014
orthophotography (Figure 18). Grid elements that were completely blocked by structures
were assigned an ARF value of 1.0. All others were assigned an ARF value based on the
percentage area of the grid being blocked by the structure.

7.5.1.1. Model Inflow Hydrograph Development

No hydrology was computed in the FLO-2D model. The model was employed for hydraulic
routing of flow from the topographic apex. Inflow for the FLO-2D model was extracted from
the HAL (2007) study HEC-HMS hydrologic model (filename: NoDebBasin_KinematicU.hms).
The outflow hydrograph for the 100-year, 24-hour storm at the Neffs Creek canyon mouth
concentration point was used directly as the inflow hydrograph for the FLO-2D model. The
inflow location was assigned to grid ID 12629 and is shown on Figure 19, and a plot of the
inflow hydrograph is shown in Figure 20.

Given the degree of development of the study area and the resulting extent of impervious
area, it was determined that infiltration would not be used in the FLO-2D model. Rainfall-
runoff modeling was also not included in the FLO-2D model. The purpose of the model was
hydraulic routing only.

7.5.1.2. Model Time Step

The FLO-2D model time step is computed automatically by the model but is limited by the
Courant criteria defined in the TOLER.DAT input file. For this analysis, a Courant value of 0.60
was defined for the floodplain as recommended by the model input manual. The model result
hydrographs and SUMMARY.OUT output file did not indicate model instability issues, which
would justify altering the Courant value.

7.5.1.3. Model Surface Detention

Surface detention is accounted in the model by setting the TOL value in the TOLER.DAT input
file. ATOL value of 0.002 feet (0.024 inches) was used for all models.

7.5.1.4. Model Bulking Concentration Factor

Bulking of inflow can be done in the model by adjusting the XCONC variable in the CONT.DAT
input file. This is most commonly used to account for sediment load. No bulking factor was
used in the modeling for this study.

7.5.1.5. Model Hydraulic Structures

The diversion ditch discussed in Section 4.2.3 contains 11 culvert crossings that were
incorporated into the model in the HYSTRUC.DAT input file. Rating curves for each structure
were developed using the HY-8 (v.7.2) software program. Culvert sizes were measured in the
field and inlet and outlet elevation data was obtained from the LiDAR dataset (Section 3.4).
Figure 21 shows the spatial location of the culverts. The HY-8 data files are included in the
Appendix E digital data submittal.
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Personal communication with Salt Lake County personnel indicated that no other significant
drainage infrastructure is present within the study area. This was confirmed during the field
investigation.

7.5.1.6. Model Outflow Boundary Conditions

Outflow grids were assigned after selection of the final model domain. The downstream
project limit (Wasatch Blvd.) was determined through a mutual decision between AECOM,
JEF, and Salt Lake County. Figure 22 shows the location of the outflow grids for the model.

7.5.1.7. Model Limiting Froude Number

It is a standard of practice to set the limiting Froude to 0.9 or 0.95 in the CONT.DAT input file.
A value of 0.9 was used for this study. FLO-2D adjusts the Manning’s n value for stability. To
determine the total number of grid elements and the magnitude of change in n values, a
shapefile was generated using data from the ROUGH.OUT output file for each model scenario.
The results indicated that n values for 5,110 grid elements out of 223,343 (2%) were adjusted
by the model. Most of those adjustments were for grid elements within the main flow
corridors. The n value adjustments result in conservative flow depths.

7.5.1.8. Model Simulation Time

Model simulation times are listed in Table 6.

Table 6. FLO-2D model simulation times

FLO-2D Model Simulation Time
(hours)
BASE 9.3
SCENARIO 1 7.0
SCENARIO 2 6.1
SCENARIO 3 8.5
SCENARIO 4 6.2
SCENARIO 5 5.0
SCENARIO 6 6.1
SCENARIO 7 5.2

7.5.1.9. Model Flowpath Uncertainty Development

While a base conditions FLO-2D model depicts the existing, fixed-bed condition of an X-year
flood hazard event, it does not predict the full flood hazard associated within the active
alluvial fan flooding and should not be the only scenario used to compute flow depths. To
account for flowpath uncertainty, avulsion scenarios were developed and simulated within
the model to account for the possibility of avulsions that would adversely affect (increase the
inflow discharge) downstream.

The flowpath uncertainty scenarios were developed by reviewing existing flow bifurcations
observed in aerial photography, topography, field reconnaissance, and the base FLO-2D
model. In locations where avulsions appeared likely or evidence of prior avulsions was
observed, avulsions were simulated by adding berm-like features to redirect flow along an
avulsion path (Figure 23).
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The flowpath uncertainty scenarios were modeled by redirecting flow with a hard barrier
accomplished using the LEVEE.DAT input file within FLO-2D. These barriers were given an
arbitrary height well-above the ground elevation to ensure no overtopping. The barriers
essentially were aligned to direct all the flow in the avulsion direction.
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Figure 18. Delineated building footprints
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Figure 19. Inflow hydrograph location
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Figure 22. Outflow grid locations
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7.5.1.10. FLO-2D Composite Flow Depth Modeling Results

Given the immense density/quantity of output data associated with two-dimensional
modeling (such as FLO-2D modeling), modeling results are best depicted graphically in
figures, exhibits, maps, etc. Therefore, the composite (Maximum) flood hazard condition is
depicted graphically for the 100-year storm event. Figure 25 through Figure 31 depicts all the
maximum flow depth flowpath uncertainty scenarios modeled. Figure 24 depicts the
maximum flow depth Base Condition FLO-2D model results for reference. Note that flow
depths less than 0.5 feet (6 inches) are not displayed in the figures. Flow depth less than 1
foot are generally not regulated by FEMA and the National Flood Insurance Program (NFIP)
since the inundation risk is low.

It is important for the reader to distinguish, for the purpose of this study, the difference
between flowpath uncertainty flood scenarios and composite flood hazard conditions. Each
of the seven FLO-2D maximum flow depth models is considered a flowpath uncertainty flood
scenario. Composite flood hazard conditions (maximum flow depth) were determined by
compiling the flowpath uncertainty scenario rasters using ArcGIS software tools to extract
the highest value for each pixel (combined maximum values), then convert those values to a
single output raster grid. The output raster represent the potential composite flood hazard
condition per model grid element. The maximum flow depth (composite flood hazard
conditions) for the 100-year event is shown spatially below in Figure 32. A description of each
flowpath uncertainty scenario is listed in Table 7.

Table 7. Flowpath uncertainty scenario descriptions

Flowpath Uncertaint —
P : y Description
Scenario
Base Condition Existing conditions. No virtual levees were used.
. Virtual levees were placed to direct flow toward the northern portion of
Scenario 1 .
the project area.
. Virtual levees were places to direct flow toward the central portion of
Scenario 2 .
the project area.
. Virtual levees were placed to split the flow between the northern and
Scenario 3 .
southern portions of the study area.
. Virtual levees were places to direct flow toward the southern portion of
Scenario 4 .
the project area.
. Virtual levees were places to direct all the flow into the diversion ditch
Scenario 5
channel.
. Virtual levees were places to direct flow toward the southern fan apex
Scenario 6
area.
. Virtual levees were places to direct flow toward the central fan apex
Scenario 7 area
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Figure 24. Base condition FLO-2D model for maximum flow depth
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Figure 25. Maximum flow depth results from the flowpath uncertainty scenario 1 model
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Figure 26. Maximum flow depth results from the flowpath uncertainty scenario 2 model
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Figure 27. Maximum flow depth results from the flowpath uncertainty scenario 3 model
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Figure 28. Maximum flow depth results from the flowpath uncertainty scenario 4 model
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Figure 29. Maximum flow depth results from the flowpath uncertainty scenario 5 model
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Figure 30. Maximum flow depth results from the flowpath uncertainty scenario 6 model
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Figure 31. Maximum flow depth results from the flowpath uncertainty scenario 7 model
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Figure 32. Maximum flow depth results from the flowpath uncertainty composite model
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7.6. Floodplain Mapping

The ultimate objective of this study was to remap the currently effective FEMA floodplain for
Neffs Creek based on updated geomorphic and hydraulic analyses. At the time of this study
the effective FEMA floodplain was designated as Zone A (Basic Study). A summary of the
restudy and remapping efforts is provided in Table 8.

Table 8. Summary of restudy and remapping efforts

Zone A Zone AO (Enhasn:ae(:;g:tailed
(Basic Study) (Enhanced/Detailed Study)
Study)
Area of Currently .
Effective Floodplain 0.16 5g. Mi. N/A N/A
Approximate Area 0.04 Sq. Mi 0.14 Sq. Mi 0.19 Sq. Mi
Updated Floodplain 0% >4 M- 24> M- 225G M-

For developed and undeveloped portions of the study area, proposed floodplain boundaries
delineated as part of this restudy are based on 100-year maximum flow depths (according to
composite flood hazard conditions) as discussed in Section 7.5.1. In addition to maximum
flow depths, geomorphic and topographic characteristics of the flood source were considered
in determining limits of inundation.

Floodplain delineations are shown in Figure 34 and on the Floodplain Workmaps provided in
Appendix B. Floodplain delineations are also shown on annotated DFIRM panels located in
Appendix D. The annotated DFIRMs can be used to evaluate differences between effective
floodplains (effective at the time of this study) and proposed delineations.

FEMA-based flood hazard designations associated with the delineated floodplains are listed
below in Table 9. Further discussion regarding typical selection of FEMA-based flood hazard
designations is provided below.

7.6.1. Development of Composite Velocities

The velocity designations for the FEMA Zones were developed using the same methodology
as the composite flow depth analysis (Section 7.5.1.10). The maximum velocity rasters for
each scenario were combined to create a composite maximum velocity raster for the entire
study area. The composite maximum velocity raster was then clipped using the flood zone
dataset. The average velocity value for each of the clipped raster segments was extracted
and assigned to the corresponding flood zone. Figure 33 is an example of a velocity raster
segment clipped to a flood zone boundary.
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Figure 33. Example of velocity raster clipped to floodplain boundary
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Table 9. FEMA-based flood hazard designations associated with delineated floodplains

FEMA-Based
Flood Hazard
Designation

Notes

Zone X (shaded)

100-year flow depth between 0.5’ and 1.0".

Ultrahazardous zone near the alluvial fan topographic apex. Area subject
to the highest degree of flowpath uncertainty. In other areas where the

Zone A average flow depths are greater than 3 feet. Approximate 100-year

floodplain.

Zone AO2,1 100—ysar flow depth between 1.5 foot and 2.5 feet. Average flow
velocities of 1 foot/second.

Zone AO2,2 100—Ye§r flow depth between 1.5 feet and 2.5 feet. Average flow
velocities of 2 feet/second.

Zone AO2,3 100—Ye§r flow depth between 1.5 feet and 2.5 feet. Average flow
velocities of 3 feet/second.

Zone AO3,3 100—Ye§r flow depth between 2.5 feet and 3.0 feet. Average flow
velocities of 3 feet/second.

Zone AO3,4 100-year flow depth between 2.5 feet and 3.0 feet. Average flow

velocities of 4 feet/second.

7.7. Floodway Determination

No floodways were determined in this analysis.

7.8. Flood Hazard Profiles

Given that the floodplains delineated for this study are designated as either Zone A or Zone
AO, development of flood hazard profiles is not required.
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Figure 34

. Proposed revised floodplains
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SCOPE

This report presents the results of a debris flow hazard study for Neffs Canyon in Salt Lake
County, Utah. The drainage encompasses an area of approximately 2,386 acres that drain
into eastern Salt Lake County. The Neffs Canyon drainage basin, along with the approximate

extent of the younger part of the alluvial fan, is shown on Figure 1.

The study was conducted to evaluate the debris flow hazard potential for Neffs Canyon as
it relates to existing development on the alluvial fan (Olympus Cove area). The study
included a review of geologic literature, an evaluation of aerial photographs, field

reconnaissance, and analysis.

The geology of the site was reviewed and much of the drainage basin was observed by a
geologist from AGEC. Subsurface exploration of the alluvial fan produced by Neffs Canyon
was not performed for this study due to extensive development on the fan. Geologic
literature was reviewed, and our interpretation of the site geologic and hydrogeologic
conditions was used to evaluate the quantity of debris that may be produced from the Neffs

Canyon drainage basin.

The study was performed in general accordance with our proposal dated January 31, 2005.
This report has been prepared to summarize the data obtained during the study and to

present our conclusions.

GEOLOGIC AND SEISMOTECTONIC SETTING

A. Regional Geology

Salt Lake County is located on the eastern edge of the Basin and Range Province.

The province is made up of north/south elongated mountain blocks and valleys. The

AR e

L g

OVEN APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1050097



Page 2

Salt Lake Valley is one of the valleys in the province with the Oquirrh and Wasatch

Mountains partially bounding the valley on the west and east, respectively.

Neffs Canyon drains westward into the Salt Lake Valley. The valley was once
occupied by a large lake known as Lake Bonneville during the Wisconsin Glacial
period of the Pleistocene age. The present-day Great Salt Lake is a remnant of
ancient Lake Bonneville. Stillstands of Lake Bonneville formed benches along the
Wasatch Front. The highest level of Lake Bonneville is marked by a kench, the
Bonneville Shoreline, at approximate elevation 5,200 feet. The lake remained at this
high level from approximately 17 to 15 thousand years before present (bpj, until it
dropped approximately 350 feet during a catastrophic flood known as the Bonneville
Flood {Currey and QOviatt, 1985; Jarrett and Malde, 1987). Two lower stillstands of
Lake Bonneville are the Provo and Gilbert levels, which formed at approximate

elevations 4,850 and 4,250 feet, respectively.

The mouth of Neffs Canyon is situated approximately 400 feet above the Bonneville
Shoreline. The Neffs Canyon alluvial fan extends out onto and coalesces with Lake

Bonneville deposits.

Neffs Canyon was formed by erosion of the Wasatch mountain block, which has
undergone repeated uplift due to faulting. The geology of Neffs Canyon is dominated
by north-northwest dipping beds of quartzite and limestone {see Figure 2).
Particularly in the southern drainage basin area, drainage is controlled by exposed

bedrock slabs that form steep tributaries.
B. Tectonic Setting
The site is located on the east side of the Salt Lake Valley along the Wasatch Front,

which is a prominent mountain front escarpment extending approximately 240 miles

from near Malad, Idaho to the vicinity of Fayette, Utah. The prominent west facing
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steep escarpment of the Wasatch Mountain Front is the result of repeated normal
fault displacements which have taken place over the last several million years. The
system of normal faults which makes up this escarpment is known collectively as the
Wasatch Fault. Relatively recent fault movements are evidenced by offsets in Lake

Bonneville sediments and more recent alluvial and colluvial deposits.

The Wasatch Fault is considered to be made up of several segments, each segment
acting relatively independently {Machette et al., 1992}, Neffs Canyon is located near
the northern end of the Salt Lake City segment of the Wasatch Fault, which is a
segment approximately 23 miles in length that extends from North Salt Lake to

Draper, Utah.

C. Structure

Crittenden {1965a, 1965b) mapped the bedrock geology of the project area at a
1:24,000 scale, The bedrock in this area consists of a series of tilted Pennsylvanian-
and Mississippian-aged quartzites and limestones overlying Cambrian- and
Precambrian-aged quartzites exposed on the northern side of Mount Olympus.
Bedrock units generally strike east/northeast in the project area. The bedrock
geology of the project area based on mapping by Crittenden (1965a, 1965b) is

presented on Figure 2.

D. Stratigraphy

The stratigraphy of the geologic units in the project area generally consists of the
above-described limestone and quartzite rocks overlain in part by surficial
{Quaternary) deposits of talus, colluvium, alluvium and glacial till {Van Horn, 1872).
The surficial geology of the western portion of Neffs Canyon is presented on Figure
3. Quaternary alluvial deposits are mapped primarily along the lower main drainage

channels and lower Norths Fork channel. From near the convergence of the
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unnamed drainage east of Norths Fork with the main channel, glacial till and outwash
deposits are mapped along the main channel and covering much of the tributary
basin. Figure 3 also shows the fan mapped by Van Horn (1972} to consist of
undifferentiated fan deposits younger than the Bonneville shoreline. Van Horn
indicates that these units are subject to sudden and violent flash floods and

mudflows.

SITE CONDITIONS

The Neffs Canyon drainage basin consists almost entirely of Wasatch National Forest land.
The drainage basin covers an area of approximately 3.7 square miles. The general
topography of the drainage basin is presented on Figure 1. Elevation of the canyon mouth
is approximately 5600 feet. The canyon crest reaches an elevation of approximately 9776
feet. Based on USGS topography, the main channel of Neffs Canyon is approximately
15,000 feet long and begins at approximate elevation 8760 feet. Tributaries from the south
flow into the main channel at approximate elevations of 6260 and 5880 feet. The gradient
of the main channel is as low as approximately 6 to 8 degrees in portions of the lower
channel up to approximately 21 degrees in the upper reaches of the channel. Two steeper
tributaries south of the main channel are Norths Fork and an unnamed tributary east of
Norths Fork. Norths Fork drainage consists of at least three tributaries with gradients
ranging from approximately 16 to 31 degrees. The unnamed drainage east of Norths Fork

consists of two major tributaries with gradients ranging from approximately 4 to 40 degrees.

A water tank is located near the mouth of the canyon on the north side. An unpaved dirt
road extends along the northern side approximately 2000 feet into the canyon. From there,
the road narrows to an unpaved trail that generally follows the main stream channel of Neffs
Canyon. Various other trails are located in the lower drainage area and in the Norths Fork

drainage.
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Vegetation in the canyon consists of scrub oak and maple brush and pine and aspen trees
with distributions typical to Wasatch Front canyons. Although vegetation is generally very
thick on the north-facing slopes, much of the southern drainage basin area consists of

broad, steeply dipping slabs of quartzite bedrock with a small amount of vegetation.

At the time of our field study, water was flowing in each of the canyon tributaries.
Streamflow near the canyon mouth in the lower drainage basin has been diverted away from
the natural channel to a man-made ditch channel along the southern canyon wall. In places,

the water elevation in the current channel is significantly higher than the natural channel.

The drainage basin is bounded on the north and east by the Mill Creek Canyon drainage
basin, and on the south by Mount Olympus. The Olympus Cove neighborhood is located

east of the canyon mouth on the alluvial fan.

OFFICE METHODS OF INVESTIGATION

Debris flow hazard of Neffs Canyon was evaluated in the office by review of geologic
literature, an evaluation of aerial photographs, and comparisons of debris production from
reported debris flow events in other areas. Aerial photographs used during the study include
photograph numbers AAL-6K-124 through 126, dated September 3, 19562, at an
approximate scale of 1 inch equals 950 feet, and photograph numbers 10-AAL4-58, b9, €60,
89 and 90, dated September 21, 1937, at an approximate scale of 1 inch equals 1640 feet.
The 1937 photographs predate most of the development on the Neffs Canyon alluvial fan
and within the Olympus Cove area, Several of the roads and houses on the alluvial fan

existed at the time of the 1952 photographs.

Giraud (2005) describes debris flows as fast-moving flow-type landslides composed of a
slurry of rock, mud, organic matter, and water that move down drainage-basin channels

onto alluvial fans. They generally have a very high concentration of sediment in relation to

Eei i

s

DOVVAN APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1050097



Page 6

water. Debris flows generally initiate on steep slopes or in channels by the addition of
water from intense rainfall or rapid snowmelt, and incorporate additional sediment and
vegetation as they travel downstream. When flows reach an alluvial fan and lose channel
confinement or where channel gradients are sufficiently low {(generally 10 degrees or less),

they spread laterally and deposit entrained sediment (Giraud, 2005).

Several geomorphic indicators of debris flow potential are discussed in the literature. One
general rule is that watersheds smaller than about 2 square miles with gradients steeper
than approximately 15 degrees are likely to have debris-flow potential (Jakob, 2005). Neffs
Canyon drainage basin is roughly double the upper size limit given by Jakob; however,
slopes frequently exceed 1% degrees. Another commeon rule of thumb follows that fans at
least partially formed by debris flow have a fan gradient greater than 4 degrees (Jakab,
200%), However, correlation of fan gradient to the dominant geomorphic fan-forming
process is problematic in that regional fan gradient thresholds cannot readily be transferred
to other regions {Jakob, 200%}. The Neffs Canyon alluvial fan gradient is approximately 7

degrees in the proximal fan area to approximately 5 degrees in the distal portions of the fan.

Alluvial Fan

Generally, a debris flow hazard evaluation includes investigation of both the alluvial fan and
the drainage basin/feeder channel. Subsurface investigation of the fan aids in identifying
the dominant fan-building processes, whether stream flow, hyperconcentrated flow
{intermediate between stream flow and debris flow}, or debris flow. In this study,
subsurface investigation of the fan was not conducted due to urban development of the fan
surface. Therefore, aerial photograph observation and review of previous geologic mapping

were primarily used to evaluate the fan.

Aerial photographs were used to map the extent of the alluvial fan which appears to
represent geologically the more recent sediment deposition from Neffs Canyon and cover

Lake Bonneville deposits. The mapped extent of the alluvial fan is shown on Figure 1. The
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extent of the mapped alluvial fan is fairly consistent with surficial geologic mapping by Van
Horn (1972} and Personius and Scott (1922). Study of the aerial photographs did not
identify discrete debris flow lobes on the fan. However, the distal portion of the fan is
irregular in extent, which may be interpreted as a series of discrete flows with variable run-
cut distances. The mapped fan surface overlies the Lake Bonneville deposits, indicating that
deposition of this portion of the fan has occurred in the last approximately 15,000 years.
Van Horn {(1972) mapped the alluvium as fgb overlying fg4 in the southern portion of
Olympus Cove. Personius and Scott (1992) map the area of the Neffs Canyon alluvial fan
as af2, which is assigned the age of middle Holocene to uppermost Pleistacene (> 5000

years oid}.

Drainage Basin

Review of the drainage basin on the aerial photographs did not identify evidence of relatively
recent debris flow or shallow landslide activity. No documentation of historic debris flows

eccurring in Neffs Canyon was found in the literature.

Debris flows along the Wasatch Front are typically initiated by intense rainfall or rapid
snowmelt. Triggering mechanisms for debris flow events are generally storm-induced
erosion on denuded areas, or landslides. Measurement of sediment production from the
source areas show that their debris contribution is usually less than 20% of the total and
in many cases is negligible {(Williams and Lowe, 1990). In evaluation of the numerous 1983
debris flows along the Wasatch Range, Wieczorek and others (1983} noted that most of
the landslides that mobilized as debris flows occurred in areas underlain by the bedrock of
the Farmington Canyon complex found in Davis County. The gneiss and schist that
constitute most of this unit commonly decompose into zones of clayey material prone to
landslides. Landslides typicaily do not form in limestone and quartzite, which is the bedrock
underlying Neffs Canyon, indicating that this debris flow triggering mechanism would be less

likely than storm-induced erosion on denuded areas.
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The southern reaches of the Neffs Canyon drainage basin contain abundant exposed
bedrock, which promotes rapid surface-water runoff that could help generate a debris flow.
However, these north-facing slopes also contain large areas of dense brush and trees that

act to inhibit mobilization of slope colluvium,

In the case of a wildfire that partially or completely burns the Neffs Canyon drainage basin,
increased runoff and erosicn conditions would increase the potential for a debris flow to
occur. Cannon and Gartner (2008) describe two primary processes for the initiation of fire-
related debris flows: runoff-dominated erosion by surface overland flow, and infiltration-
triggered failure and mobilization of a discrete landslide mass. During the drought years of
1999-2004 in Utah, 26 debris flows occurred in seven wildfire areas, including repeated
flows from different drainages during the same storm pattern {Giraud, 2005). The potential

for debris flow would be increased if a significant portion of the drainage is burned.

Historic Debris Flow Events

Information reported by the Utah Geological Survey on two recent debris flow events along
the Wasatch Front was used to evaluate potential sediment production from Neffs Canyon.
Drainage basin size, geology, channel gradient and the ratio of debris production per foot

of channel length from these two events were compared to Neffs Canyon.

A 1981 debris flow in North Ogden deposited approximately 26,000 cubic yards of material
{(Mulvey and Lowe, 1991). The debris flow was produced by an approximately 0.27 square
mile drainage basin with channel gradients ranging from approximately 16 to 30 degrees.
The canvon is mostly underlain by Tintic Quartzite, which is also widely exposed in Neffs
Canyon. The quartzite forms high clifis that extend up to the ridgeline. Talus and colluvium
cover the slopes below the high cliffs. Based on the reported debris flow volume and the
total affected channel length (approximately 620C feet}, roughly 4.2 cubic yards of debris

per foot of channel length was produced during this event.

RS
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McDonald and Giraud {2002) described the 2002 fire-related debris flows east of Santaquin
and Spring Lake in Utah County. These events included major debris flows from five
tributaries that deposited debris on alluvial fans west of Dry Mountain. The drainage basins
range in size from approximately 0.56 to 0.75 square miles. Channel gradients range from
approximately 11 degrees up to approximately 32 degrees and appear to be relatively
consistent between each drainage. Dry Mountain is composed of generally east-dipping
Precambrian quartzite, sandstone, siltstone, schist, gneiss and amphibolite locally intruded
by pegmatite and granite dikes. These rocks are overlain by Mississippian limestone and
shale, and Quaternary alluvium, colluvium, talus and mass-movement deposits (McDonald
and Giraud, 2002}, Based on the reported debris flow volume and channel length of each
tributary (ranging from approximately 6300 to 9600 feet in length}, the debris produced
from the five tributaries ranged from 0.18 to 2.2 cubic yards per foot of channel length.
The average sediment production during this event was 1.3 cubic yards per foot of channel

length.

Both examples indicate sediment production rates much lower than the average sediment
bulking rate of 12 cubic yards per foot of channel length reported for the canyons of Davis
County (Williams and Lowe, 1990). The Farmington Canyon complex bedrock tends to
weather deeply into clayey material, whereas the predominantly quartzite bedrock in Neffs
Canyon {and in the 1991 North Ogden debris flow event) appears to weather to granular
material, most likely at a slower rate. It follows that sediment production, as well as the
amount of sediment available for entrainment, is greater in Davis County when compared

with the project area.

FIELD METHODS OF INVESTIGATION

The geology of the site was reviewed and much of the drainage basin was observed by a
geologist from AGEC. Since subsurface investigation of the alluvial fan was not considered

feasible, the field study focused on drainage basin and channel evaluation. The basin and
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channel reconnaissance included observations of vegetation cover, volume and gradation
of sediment that could be incorporated into a debris flow, potential slope instability that
could initiate an event, and the presence or absence of geomorphic evidence of past debris

flow events,

The basin slopes and channel banks are generally densely vegetated. A vast majority of
slopes are north-facing and thus have dense brush and tree cover. Sediment depth to
bedrock appears to be relatively deep particularly on the north-facing slopes where increased
moisture has led to well-developed soil cover. The fine-grained portion of sediments was
observed to be predominantly silty. However, upslope of these areas in much of the basin
are massive, tilted quartzite or limestone slabs that concentrate surface run-off into the
tributaries. Very little bedrock was exposed along the main channel, although roughly 10
percent bedrock exposure was observed in Norths Fork drainage. Bedrock exposure
generally increased with elevation. Reconnaissance of the drainage indicates that the main
channel and its tributaries are in relatively stable condition. There are no significant signs
of erosion in the channel or along the slopes above the channel. Possible geomorphic
evidence of past debris flow activity was observed in the lower reach of Norths Fork
tributary, where boulder trains and levees were observed between roughly parallel channels
on either side of the drainage. The boulders were partially buried. No apparent scouring of
channel sediment was observed. The area above approximate elevation 7000 feet in Norths
Fork drainage was inaccessible, as well as most of the unnamed drainage east of Norths

Fork.

Reconnaissance of the main channel indicates that although the lower drainage channel is
relatively broad it contains an incised channel that would act to partially confine a debris

flow.
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DEBRIS FLOW EVENT PREDICTION

Based on USGS topography, the gradient of the lower main channel varies from
approximately 6 to 11 degrees. Hungr et al. (1984} estimate deposition angles of 8 to 12
degrees for channeled debris flows. It is often assumed in the literature that deposition
begins at slopes of 10 degrees (Rickenmann, 20056). Based on the data obtained from this
study, deposition is conservatively assumed in our analysis to occur along channels with
slopes less than 10 degrees. Profiles of the main channel and tributary channels were
developed and are presented on Figures 4 through 6. The channels are numbered 1, 2, Za,

3, 3a and 3b as shown on Figure 1.

Debris Flow Volume

Hungr and others {1984} discuss estimation of event magnitude, or total volume of coarse
and fine debris material transported to the fan during a single event, using a channel debris
yield rate. The rate is applied to the length of channel {including any major tributaries)
upstream of the depositional area to the point of origin. Based on rock type and weathering
characteristics, we anticipate that the channel debris yield rate for Neffs Canyon would be
significantly lower than the reported sediment bulking rate of 12 cubic yards per foot of
channel length for the canyons of Davis County (Williams and Lowe, 1990). Close
comparisons of drainage basin size (when considering the numerous smaller tributaries
within Neffs Canyon), channel gradient (particularly in the upper tributaries in the southern
Neffs Canyon area), and rock type indicate that Neffs Canyon could produce a similar
channel debris vield rate to the 1991 North Ogden debris flow, which averaged

approximately 4.2 cubic yards per foot of contributing channel length.

Varying channel debris yield rates were selected for channel segments based on channel
types described by Hungr and others {1984) based on the criteria of channel gradient, bed
material, side slopes, and the stability condition of the drainage area. Consideration was

also given to the amount of vegetative cover and/or bedrock exposed within the contributing
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drainage area. The channel segments, as well as the drainage area contributing to each
channel segment, are shown on Figure 7. The criteria for channel types A, B and C (Hungr

and others, 1984) is listed below,

Channel Debris

Cr_;_anr;el G(r;n;jle?t Bed Material Side Slopes g’;gg;ili?n Yield Rate
YP g (yd®/ft)
A 20-356 bedrock nonerodible stable, 0-2
practically bare
of soil cover
B 10-20 thin debris or nonerodible stable 2-4
loose sail {bedrock)
over bedrock
C 10-20 deep talus or less than 16 stable 4-6

moraine feet high

Two methods were used to calculate the potential debris flow volume for each channel
segment. Method A is the direct relationship of the channel length multiplied by the channel
debris vield rate (Hungr and others, 1984). Method B incorporates the size of the drainage

area tributary to the channel segment under consideration in the equation:

V = A¥%le

where V is magnitude, or volume in cubic meters, A is the drainage area measured in square
kilometers, L is the channel segment length in meters, and e is the channel erodibility

coefficient with the dimensions of m*/m-km? (Hungr and others, 1984}.

The channel debris vield rate selected for each channel segment and the debris flow
volumes calculated using Methods A and B are listed in the following table. Reference

Figure 1 for the locations of Channels 1, 2, 2a, 3, 3a and 3b.

v
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Channel No. Approximate Selected Channel Debris Flow Volume {yd?/ft)
- Segment Channel Segment Debris Yield Rate
No. Elavation* {yd®/ft) Method A Method B
1 Above 6800 feet 5 35,000 58,600
2-1 8920 to 8400 feet 3 5,100 2,500
2-2 8400 to 7800 feet 5 11,500 6,300
2-3 7720 to 6240 feet b 24,000 23,200
2a-1 8800 to 8200 feet 2 1,900 400
2a-2 8200 to 6480 feet 5 27,000 19,300
3-1 8440 to 7800 feet 3 4,200 2,000
3-2 7800 to 5880 feet 5 26,000 27,900
3a-1 8280 to 8000 feet 1 500 100
3a-2 8000 to 7240 feet 3 4,500 1,400
3a-3 7240 to 7050 feet 5 2,500 400
3b-1 7480 to 7200 feet 3 1,500 1,500
3b-2 7200 to 6320 feet 5 11,000 4,600

* @Gap in elevation represents channel gradient below 10 degrees.

The total volume of debris flow calculated using Methods A and B is 154,700 cubic yards
and 148,200 cubic yards, respectively. The portion of the Neffs Canyon drainage below
approximate elevation 6800 feet has a gradient suggesting deposition rather than erosion
and would decrease the volume of sediment reaching the canyon mouth. However, the
channel is relatively narrow and confined until it reaches the canyon mouth. Assuming a
channel width of 15 feet, a deposition thickness of 3 feet, and a channel length of 8,000
feet, a sediment volume of 13,000 cubic yards could be deposited through this flatter reach

of the drainage.
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There may also be some loss in flow energy and resulting deposition of a part of the debris
mass where tributaries intersect the main channel since there will be a change in flow

direction and some runup of sediment at these intersecting points.

Based on the large drainage basin area and the observed site conditions, we assume that
the volume of material produced from a point of initiation would be negligible compared with
the channel sediment contribution of a debris flow that reaches the alluvial fan. Therefore,

our analysis does not consider the contribution of debris from the point of initiation.

A debris flow volume on the order of 150,000 cubic yards appears to be similar or slightly
greater than estimated debris flow volumes of events along the northern Wasatch Front
reported by Wieczorek and others {1983). One of largest magnitude events occurred in
Parrish Creek, Davis County, in 1930. This debris flow deposited roughly 300,000 cubic
yards of material based on a description of the event. The Parrish Creek drainage basin is
approximately 2 square miles. A majority of the reported debris flow volumes were

estimated to be between 75,000 and 210,00 cubic yards {Wieczorek and others,1983}.

Debris Flow Potential

Limited information on historic debris flows and other types of flooding and sedimentation
events in Utah has been compiled by Butler and Marsell {1972}, Several events have been
documented as occurring within Salt Lake County, although in many cases debris flows are
not consistently distinguished from hyper-concentrated floods or water floods (Wieczorek
and others, 1989}, Butler and Marsell {(1972) report possible debris flows occurring within
City Creek, Parleys Canyon, and several other canyons in Salt Lake County. No debris flow
events were described for Neffs Canyon. Woolley {1946) describes a debris flow issuing

from City Creek Canyon on September 11, 1864.

Overall, it is clear from the literature that debris flows have occurred in the past more

commonly in Davis County than Salt Lake County. The drainages that produce these events

LENAN, APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1050097



Page 15

are typically much smaller than Neffs Canyon. Smaller drainages tend to have higher
gradients, such as those that produced the 1991 North Ogden and 2002 Santaquin debris
flows. Unlike the main channel in Neffs Canyon, relatively high channel gradients {above
approximately 20 degrees} are found in Channels 2, 2a, 3, 3a and 3b. However, even if a
debris flow were to be initiated within one or more of these channels, historic records
suggest that during unusually wet cycles or heavy rainfall events, the likelihood of a flow
traveling down-channel and reaching the alluvial fan is low relative to Davis County, in

particular.

When considering debris flow potential, initiation of a fire-related debris flow in a partially
or fully denuded basin represents the most significant threat. Burned areas typically exhibit
reduced infiltration, increased runoff, and increased soil erodibility. Numerous studies have
documented an increased occurrence of debris flows following wildfire {Cannon and Gartner,
20058). Very little data exists in the literature comparing debris flow volumes produced in
burned and non-burned conditions. Thus, in designing for a fire-related debris flow event
it is most important to consider the increased probability, or higher potential, of one or more

debris flow events occurring.

The predicted debris flow volumes of 154,700 and 148,200 cubic yards represent an event
that occurs over the entire Neffs Canyon drainage basin. The potential for a smaller flow
to occur within one of the tributary channels, or within tributary channels in a portion of the
canyon, is greater than the potential for debris flows to occur simultaneously within the
entire basin., Further, many of these smaller flows may be deposited before reaching the
canyon mouth due to the low gradient of the main channel below approximate elevation

6800 feet,.
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MITIGATION OPTIONS

Potential debris flow mitigation options for Neffs Canyon include building a catch basin near
the mouth of the canyon, or diverting flow to an area where depaosition is acceptable. The
second option may not be feasible due to constraints within the Olympus Cove area. A

combination of these options could also be used.

In the literature, active and passive debris flow mitigation measures are discussed by Huebl
and Fiebiger (20056}, Event management is the active mitigation practice of manipulating
a debris flow by measures such as debris flow breakers, permanent or temporary debris
depasition under controlled conditions within the drainage area, deflection to an area of low
conseguence, or an organic debris rake (Huebl and Fiebiger, 2005). In addition to mitigation
measures designed for retaining or diverting flow at the mouth of the canyon or at locations
along the channel, several methods of disposition management, or the practice of changing
the probability of occurrence of a debris flow, are discussed {Huebl and Fiehiger, 2005).
Disposition management includes measures that act to decrease runoff and erosion.
However, these alternative measures may be more appropriate in cases where debris flow

potential is considered high and debris flow constitutes a recurring problem for development.
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LIMITATIONS

The analysis and report findings are based on review of geologic literature, review of aerial
photographs, and site reconnaissance. Geologic related conclusions are based on currently
accepted geologic interpretation of this information. The volume of debris estimated is only
a rough approximation based on the literature reviewed and geologic conditions observed
at the site. The potential for and timing of debris flow events is greatly influenced by
climatic conditions and changes to the drainage such as from fires. Those who will
determine the need for and possible methods of debris flow mitigation for Neffs Canyon

should consider the potential wide range in debris flow volume and event cccurrence.

Stephanie J. Merkley, P.G.
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Reviewed by Douglas R. Hawkes, P.E., P.G.

SJM/sc

SRR R

AVEN APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1060097



Page 18

REFERENCES

Black, B.D., Lund, W.R., Schwartz, D.P., Gill, H.B., and Mayes, B.H.; Paleoseismic
investigation on the Salt Lake City segment of the Wasatch Fault Zone at the South Fork
Dry Creek and Dry Gulch sites, Salt Lake County, Utah, 1996, Utah Geological Survey,
Special Study 92.

Cannon, S.H. and Gartner, J.E., 2005; Wildfire-related debris flow from a hazards
perspective /in Jakob, M. and Hungr, O., eds., Debris-flow hazards and related phenomena:
Chichester, United Kingdom, Praxis Publishing Ltd, p. 363-381.

Crittenden, M.D., 1965a; Geology of the Mount Aire Quadrangle, Salt Lake County, Utah,
U.S. Geological Survey Map GQ-379.

Crittenden, M.D., 1965b; Geology of the Sugar House Quadrangle, Salt Lake County, Utah,
U.S. Geological Survey Map GQ-380.

Currey, D.R. and Oviatt, F.G., 1985; Durations, average rates and probable cause of Lake
Bonneville expansion, Stillstands and contractions during the last deep-lake cycle 32,000
to 10,000 years ago /n Diaz, H.F., eds. Problems of and prospects for predicting Great Salt
Lake levels, Proceedings for NOAA conference; center for Public Affairs and Administration,
University of Utah, Salt Lake City, Utah.

Giraud, R.E., 2005; Guidelines for the Geologic Evaluation of Debris-Flow Hazards on
Alluvial Fans in Utah, Utah Geological Survey MP 05-6.

Hungr, O., Morgan, G.C., and Kellerhals, R., 1984, Quantitative analysis of debris torrent
hazards for design of remedial measures: Canadian Geotechnical Journal, v. 21, p. 663-677.

Jakob, M., 2005; Debris-flow hazard analysis /n Jakob, M. and Hungr, O., eds., Debris-flow
hazards and related phenomena: Chichester, United Kingdom, Praxis Publishing Ltd, p. 411-
443,

Jarrett, R.D. and Malde, H.E., 1987; Paleodischarge of the late Pleistocene Bonneville Flood,
Snake River, Idaho, computed from new evidence; Geological Society of America Bulletin,
v. 99, p. 127-134,

Machette, M.N. and Personius, S.F. and Nelson, A.R., 1992; Paleoseismology of the
Wasatch Fault Zone: A Summary of Recent Investigations, Interpretations, and Conclusions;
U.S. Geological Survey Professional Paper 1500-A-J, p A1 - A71.

McDonald, G.N. and Giraud, R.E., 2002; September 12, 2002, Fire-related debris flows east
of Santaquin and Spring Lake, Utah County, Utah, Utah Geological Survey.

ALNAN" APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1050097



Page 19

Mulvey, W.E. and Lowe, M., 1991; 1991 Cameron Cove Debris Flow, North Ogden, Utah,
Utah Geological Survey.

Personius, S.F., and Scott, W.E., 1992; Surficial Geologic Map of the Salt Lake City
Segment and Parts of Adjacent Segments of the Wasatch Fault Zone, Davis, Salt Lake and
Utah Counties, Utah, U.S. Geological Survey Map 1-2106.

Rickenmann, D., 2005; Runout prediction methods /in Jakob, M. and Hungr, O., eds.,
Debris-flow hazards and related phenomena: Chichester, United Kingdom, Praxis Publishing
Ltd, p. 305-324.

Salt Lake County aerial photograph collection, copies from the National Archives,
photograph numbers 10-AAL 4-58 through 4-60 and 4-88 through 4-90, dated September
21, 1937.

U. S. Department of Agriculture, Aerial photographs obtained from Field Office, Salt Lake
City, Utah, photograph numbers AAL-6K-124 through AAL-6K-126, dated September 3,
1952.

Van Horn, R., 1972; Surficial Geologic Map of the Sugar House Quadrangle, Salt Lake
County, Utah, U.S. Geological Survey Map I-766-A.

Wieczorek, G.F., Lips, E.W., and Ellen, S.D, 1989; Debris flows and hyperconcentrated
floods along the Wasatch Front, Utah, 1983 and 1984: Bulletin of the Association of
Engineering Geologists, Vol. XXVI No. 2, 1989, p. 191-208.

Wieczorek, G.F., Ellen, S., Lips, E.W., Cannon, S.H., an d Short, D.N., 1983; Potential for
debris flow and debris flood along the Wasatch Front between Salt Lake City and Willard,
Utah, and measures for their mitigation: U. S. Geological Survey Open-File Report 83-635.

Williams, S.R. and Lowe, M., 1990; Process Based Debris-Flow Prediction Method:
International Symposium of the Hydraulics/Hydrology of Arid Lands, July 30 - August 3,
1990, San Diego, CA.

Woolley, R.R., 1946; Cloudburst floods in Utah, 1850-1938: U.S. Geological Survey Water
Supply Paper 994, 128 p.

LOVAN, APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1050097



b .1":'7.1.'.:':: .I— e

Ik Befi ==
bt

vial Fan -

RE ST e | O e b 2 o o =T ). oY N - =
...._-" I | .:._: " e ¥ N e i (Y o : ok KR __: ; ._.-' e _ ._:. "...' oy

SRR
annel Zas

| ST

N MEFFS CARNY O iy e e e
N SALT LAKE COUNTY, UTAM PR I b Ll - e S 20
; wiadrangles

Approximate Scala t

1050007 DRER T [ Map of Project Arca I Bt




b ?\,

MEFFS CANYON

SALT LAKE COUNTY, UTAH A

P e sy
e e A

Alluvis! Deposits - Straam gravel and walley il [oarternzry)
Alluwisl Meposily - Lindiilerentiated alluviom [Duarlermsry)
A eg  Older Sravel - Gravel covered Denches (Qualemary)
i Glacial Deposits - [Cualermaryt
Weber Cuartzite - Tan wedlhering gquorlzts sod limy

GERROCE GEULOGY OF PROJECT AREM

sandslone |Pennzyheanian)

Round Yalley Limestone - Lirratone conlaining spaese modulas ot
rheet arnl silcilied lessils
IP ey heanian)
Welo  Coughnut Farmatinn Fine-grained fossiliterous silty limestone
(Mississippion)

Hurnbug Formation - Lirmestone infor bedded with tan
weathoring sandstona (Mizsissippianl

Creeret Limostonao Limestone and delomite with lenses and
thin bieds of chort (Mississippian

Gardison Limestone - Fossiltarous limostono and dolomitc
(Miszissippian]

Filehwille Formation - Masgive dolomits with bad ot whita
dAnlomile vn upper part, and bed of
rodrse-grained sandstone on lower parl
{hissizsippiant

Cphir Formation - Upper is shaley limestone, midile is light
aray limesloneg, lower worm leacked shale
{Cambrain}

Tintic Cluartzite {_:n;]rs;_n.grained wilranus ollarksiie

{Caimbraing

pEm dutual Formation Shale and quartzite grading inte gt and
coarse bouldear conglormarate
[Pro-Cambrain

Gig Coltomawnod Fonmation -, Guartzite unit;
5, Shale or siltstons unit
1Pre-Camlasin

Aopenxirngla Soele
17 = 2.non MAcedilied Trom Crittenden 11965, 1965

1050087

Bedrock Geolayy of Project Area

Figure 2




‘GUHFICIATL.EULU(JY UI— I’HUJI:C.I AHE.&

Alluvial Fan Neposits
fgﬁ} LndilTerantiated siluvial fan doposits

fod suunger than Bonnewille Shoreline
|Plaistonono

oo

togd Urdifferantialed allidal fan daposits

g2 alder than Bonmeville Shoreline

o [Platislocana)

Landslide Deposits
Il Landzlide deposit [Quarternany]
Irfrm mudtlow {Quarternary)

t - Talus! lnnsa angular reck frogments (Quarternary)

Bull Lake Glaciation - Till; bouiders, cobhles, sand

and silt |IYleistocene!
ils) Diledar Ll
iy e till
b Curwensh, bouldary te silty gravel and saoc
[Flristocans)
T Bodrock (Jurassic to Mrocamizriand

- oo

:. A
L

N

Mpanyimate Soale
17 = Z,000°

"Drainage Basin
Boundary

MEFFS CANYON
SALT LAKE COUNTY, UTAH

mocified Tion Yan Hoon (182

| QBGORT Av&g SLlrflclaI Geology of Projecl Ares

Figure 3




g0pg Vet

East
Channel 1 /.,
8000 ﬁ———————*‘_—
- L
= [ah} c .
& g o
o £ 5 -
£ 7000 £
i
g s
3
BO0O0 — o
5000 I I I i ' i I : i I I i i e s
o 1000 2000 3000 4000 KOO0 Ba00 FO00 BOGO 200G 10000 11000 12000 13000 14000 18000
Distance, Feet
10000— Morth South
2000 — Channel 2
o
O
Ll
< BOOO -
.% 4.':1
1]
B &
(T b
£~
L]
700 —
intersects M mw/
B0 I | | | | | i | I l
¥ 1000 2000 3000 4000 BO00 8000 F000 8000 QOO0 1000
Distance, Feet See Figure 1 for Locations of Channels
105009% m Mells Canyon Channols 1 and 2 Profiles

Figure 4




Channel 2

Worth South
Channel 2a 4000 _
Morthwest Socutheast ©
(o]
2000 — T
c
m
5
2000 —
o BO00
2 ™
c c
= 2 7000 —
= ®
& &
* 7000 w
.,--"'""-'j
/ 6000 | .
TV Intersects Channel 2 /
6000 T I | | | | |
0 1000 2000 3000 4000 w000 6000 7000 Intersects Main Channel {Channel 1)
Cistance, Fest OO0 f I I I | ; I
a 1000 2000 3000 4000 BODO 6000 FO00
Distance, Foet
see Figure 1 for Locations of Channeis
1050097 AN Neffs Canyon Channels 2a and 3 Profiles Figure 5




Channel 2a

Q000

Moarth Southwest
o SO00
q
)
i
S
=
=
A
70004~ :
H Intersects Channal 3
v+ Moffs Canyon Alluvial Fan Profils
6000 Souteast Morthwest
' 1 ! 7000 -
9] 1000 2000 3000
Distance, Feet
H000 —
Channel 3b __’J__,,f——”"l
5000 _ I e f
L
Ssooo __/ Fan
& Apex
=
u
L
i BOOO _| West East
[=1]
L
=y 4000
o
=
-
&
7000 -
3000 i l | I | [ I l
o) 1000 2000 3000 4000 5000 8000 7000 BOOO
T
T Intersects Channel 3 Distance, Feer
SO0 I I |
8] 1000 2000 3600

Distance, Feet

o6 Figure 1 tor Locations of Channels

1050097 2N Neffs Canyon Channels 2a, 3b and Adluvial Fan Profiles | Figure 6




L

;2 .....__ﬂ.g.“ml..l__ _r__
y :—.ilrj'h .‘!-.'I:. o= i
Ny I

4 iy ¥ R ] | | e # L T
OR=- 5 ' Allgy_ial Fan Profile

[
o v
! WY . |

o,

3a

?

LT L

gk Al

oprit
i) ..\_:/r/;r.,
st Adre Ouadrangles

From USGEE Sugarkio

MEFFS CANY N
SALT LAKE COUNTY, LUTAH

N

Cigura /

Approximeate Scale 1" = 2,000
Map of Channel Scgment Drainage Arcas

TOBQOEY




APPENDIX B

Floodplain Workmaps



1110 State Office Building
Salt Lake City, UT 84114-1710

- Neffs Creek Flood
5 ~ __ Hazard Assessment

LEGEND

. o Limit of Study

"\ 2-Foot Contour Topography

.. & E Millcreek Canyopn Revised Floodplains
ot . ' Zone,Depth,Velocity

A

AO, 2,1

AO, 2,2

AO, 2,3

AQ, 3,3

AQ, 3,4

SHADED X

Wasat

el . 0 50 100 200
Feet

: by e e N ' =% are B 1. Base imagery: NAIP 2014 Orthophotography
o 2. 2-foot contour topography generated from Salt
1 Lake County LiDAR mapping.

/]

e
\

g —j g

' Jupiter Dr -

AT — -
o S
AN
o L o =

-98d Y

<RI

E4

Sl X

torete?

Copyright:© 2013 Esri

FLOODPLAIN WORKMAP
SHEET 1 OF 6

A, N AR (2 8400 South Kyrene Road, Suite 201
g1 NGy | e - o J sk _ a - ¢ Tempe, AZ 85284
Aot . I : " L / Phone: 480.752.2124




1110 State Office Building
Salt Lake City, UT 84114-1710

Neffs Creek Flood
Hazard Assessment

LEGEND

. o Limit of Study

"\ 2-Foot Contour Topography

Revised Floodplains
Zone,Depth,Velocity

A

AO, 2,1
AO, 2,2
AQ, 2,3
AQ, 3,3
AQ, 3,4

SHADED X

0 50 100 200
B

Feet

| NOTES:

| 1. Base imagery: NAIP 2014 Orthophotography

s 2. 2-foot contour topography generated from Salt
| Lake County LiDAR mapping.

Sheet Index

A2
N N naap s Samn s v

e 75 ARl N N T B P R SRR IR e S S

SHEET 2 OF 6

(9]
16111914-2250 7 4
03/02/201657

47 E OF O

IETTTTTTTE .

E FULLER

TDROIOQY & GEOMORPHOLOAQY, INC.

Sl

p—

8400 South Kyrene Road, Suite 201
Tempe, AZ 85284
Phone: 480.752.2124




= ———

1110 State Office Building
Salt Lake City, UT 84114-1710

Neffs Creek Flood
Hazard Assessment

X .' \ w N—— 4 . % . \ NN TR
R L BTN NIt

77T RS S ol Wy ) T ——

Revised Floodplains
Zone,Depth,Velocity

A

AO, 2,1
AO, 2,2
AO, 2,3
AQ, 3,3
AQ, 3,4

SHADED X

0 50 100 200
B

Feet

#l NOTES:

1. Base imagery: NAIP 2014 Orthophotography

1 2. 2-foot contour topography generated from Salt
ake County LIiDAR mapping.

Copyright:© 2013 Esri

FLOODPLAIN WORKMAP
SHEET 3 OF 6

967921918728
IZ::N

§ :’\THAN

8400 South Kyrene Road, Suite 201
Tempe, AZ 85284
Phone: 480.752.2124




/ LR

S . 3))

y -y
1 | -

———

1110 State Office Building
Salt Lake City, UT 84114-1710

Y,
1

LEGEND

. o Limit of Study

"\ 2-Foot Contour Topography

Neptuneid

EEE%&E&E,;Q‘Q Revised Floodplains

N

" e Zone,Depth,Velocity

..
4
&

| L I

| A
AO, 2, 1
AO, 2,2
AO, 2,3
AO, 3,3

AQ, 3,4

SHADED X

ks 0 50 100 200
1 R HE N
| Y Feet
- |NOTES:
[ | 1. Base imagery: NAIP 2014 Orthophotography

.| 2. 2-foot contour topography generated from Salt
= | ake County LiDAR mapping.

¥y
[

i
- /] ;gh

s fﬁ* 4
”! gﬁ%}_’ Sheet Index

Copyright:© 2013 Esri

FLOODPLAIN WORKMAP
SHEET 4 OF 6

i AT o -
v L _:I'_'_&l' il (U 1
§ by
‘ B
¥, | g
e ey

T

i M f;{ / b : i ¥

Fi

S

e | 3 ’ co
\ ; | | 9 ; ‘ .
& Q)

3 A r %
o 16 N ¥ o 5 e YRR g = : 7~
By s K o S - = B B b = é 5 /
. ;- ] . 4 f ; ’ 1 ’ { ,“ oy ¥ P
A #L / el E [ . i _‘.— 7 i -
e
"!'s;;: e

n : [ 1 i/ / . | L] . . ‘ ' b g . T 7 * L . 7 T r. s : c ¥ ”’_

; &/ /(& I | R B o~ Y N e B & GG 8400 South Kyrene Road, Suite 201
T | et RV S o U R A e (0 o (oS Tempe, AZ 85284

5 . .( &d \ !ﬁ%? NN~ ., ) ; un . B¢ Al 2o 7 f i el Phone: 480.752.2124

) | A

Tl
al




————

1110 State Office Building
Salt Lake City, UT 84114-1710

Neffs Creek Flood
Hazard Assessment

LEGEND

. o Limit of Study
i mmmmm

"\ 2-Foot Contour Topography

Revised Floodplains
Zone,Depth,Velocity

A

AO, 2,1
AO, 2,2
AO, 2,3
AQ, 3,3
AQ, 3,4

SHADED X

0 50 100 200
B

Feet

| 1. Base imagery: NAIP 2014 Orthophotography
2. 2-foot contour topography generated from Salt
Lake County LiDAR mapping.

15
L

Copyright:© 2013 Esri

FLOODPLAIN WORKMAP
SHEET 5 OF 6

Y NG 921916728
4% iN

{5 { KELLOGG
L 135 6111914-2250

; '.s;“’.“-.o_3/[}2)(2016__.-‘:: g ‘.o_.-- '.-,- Q? /02 120{6--".. '
.Jh]gr --......# \S‘/_s{;—«‘ -._.'.:?qrg OF \)"t_-"-
w AR

| JE FULLER

HDROIOGY & GEOMORPHOLOAT, INC.

8400 South Kyrene Road, Suite 201
Tempe, AZ 85284
Phone: 480.752.2124




———

1110 State Office Building
Salt Lake City, UT 84114-1710

Neffs Creek Flood
Hazard Assessment

LEGEND

. o Limit of Study

H’ i ““\_~ 2-Foot Contour Topography
] | 1 L

(L Ot J\ag i | ‘ B R < _ o ‘ Revised Floodplains
q;‘f?w : ‘:{ L gty !\"l ' W R . N ) * - -' 3 L} i S 5 ch Zone,Depth,Velocity

e

NIRRT i
I.\.-. ‘i ll 5\.“ t

" l\\\ N
%\ wkh \ AN

A

|

kg
|

i

AO, 2,1

4/

/1)

AO, 2,2

/

AQ, 2,3
AQ, 3,3
AQ, 3,4

SHADED X

e. a \ AR 1\ [rf L ey = . 1 | . . i a / T . | i . : _ '
. | i’ L e \\“ ‘w ' N 4 | " -,,- ] &7 - = K b v ) . _ k% LT W ’ \ . ! :‘;‘ ; 1 : .-‘._;E o
MR i”h @ﬁ% NN % Fngs -2 o lex ’ IO AR 1 ag YU M e g | A7 : KA \_ BT /i ke Yy | 2N\ 0 50 100 200
¢ \ ::‘.:.:. . .A" N W = N ‘ -~y > = : 4! e "y = __. ¢ & [/ | ! ] ! ’ ! . i f ’ J B : B\ ) o o :I:t d | : i _ _
N Feet

NOTES:

1. Base imagery: NAIP 2014 Orthophotography
2. 2-foot contour topography generated from Salt
Lake County LiDAR mapping.

Sheet Index

LA TR
AR i

AN W\ ;'}% \ {X;\\b‘w ‘&\\ T Ei.
) AN w“\v\"\‘ a“:‘ =N P

Copyright:© 2013 Esri

FLOODPLAIN WORKMAP
SHEET 6 OF 6

/146792191576
n:a‘:N

ATHAN

®9 G302 fzolﬁ_..-""' y Y a0016
'J%‘ir E OF 0“_’.5 ):q TE OF UW

| JE FULLER

8400 South Kyrene Road, Suite 201
Tempe, AZ 85284
Phone: 480.752.2124




APPENDIX C

Hansen, Allen & Luce (HAL), 2007, Neffs Canyon Creek
Master Plan. Salt Lake County
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CHAPTER |

INTRODUCTION

BACKGROUND AND PURPOSE
Neffs Creek is directly tributary to a residential development at the Canyon mouth. The 2002
Flood Insurance Study identified flooding associated with Neffs Creek affecting approximately
150 homes (see Flood Insurance Rate Map panels 49035C0316E and 49035C0317E). Currently
normal Neffs Creek flows are conveyed to a storm drain system in Wasatch Boulevard.
The Neffs Canyon conveyance system was constructed prior to the inception of the Federal
Flood Insurance Program. A key purpose of Salt Lake County Flood Control is to plan drainage
improvements to better protect County residents from flooding and bring the system up to the
requirements of the Federal Flood Insurance Program.
OBJECTIVES

Define the 100-year flood flows.

Evaluate debiris flow hazard.

Identify means for flood and debris flow hazard mitigation.
SCOPE
The scope of the Neffs Canyon Creek Master Plan included the following:

Documentation and review of the existing Neffs Canyon Creek conveyance system,

Hydrologic analyses to define design stream flows.

Debris flow hazard evaluation.

Develop alternatives for mitigating flood hazards to residences.

Participate in public meetings to receive public input on flood hazard mitigation
alternatives.

Prepare Master Plan Document.
AUTHORIZATION

The Neffs Canyon Creek Master Plan has been completed in accordance with a contract
approved on April 7, 2005 between Salt Lake County and Hansen, Allen, & Luce, Inc.
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CHAPTER Il

HYDROLOGY

DRAINAGE BASIN CHARACTERISTICS

A drainage basin is an area where all precipitation that falls within it will collect fo a common
point. Another name for a drainage basin is watershed or catchment. Subbasins are located
within a larger drainage basin. Drainage subbasin boundaries depend upon both the
topography and the location of storm drainage facilities. The delineated Neffs Creek drainage
basin and subbasin boundaries are shown on Figure II-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 Group

* Percentage of Impervious Area
e SCS Curve Number

* Basin Lag Time

* Conveyance System Routing

Subbasin Area

Subbasins were delineated within ArcView GIS using USGS Topographic Quadrangle maps and
the locations of storm drainage facilities. Mountain watersheds were divided into subbasins
where distinct vegetation, soil type and precipitation characteristics were found.

Hydrologic Soil Group

Hydrologic soil group is a indication of the soil's minimum infiltration rate. Soils are assigned a
hydrologic group of A, B, C, or D by the Natural Resource Conservation Service (NRCS, formerly
know as the Soil Conservation Service, SCS). Soils of hydrologic soil group A have the highest
infiltration rate, and therefore produce the least amount of runoff. Soils of hydrologic soil group
D have the lowest infiltration rate, and therefore produce the highest amount of runoff. Soil
maps were obtained from the Natural Resources Conservation Service (NRCS) Web Soil Survey
(http://websoilsurvey.nrcs.usda.gov/app/ ).

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
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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 NRCS publication TR-55. A curve
number is determined based on several factors described in the manual. These factors include:
hydrologic soil group, cover type, treatment and hydrologic condition. The hydrologic soil
groups were discussed earlier in the hydrologic soil group 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 were delineated using
aerial photography and the NRCS soils map. Vegetation cover types were verified through site
reconnaissance. The mountain vegetation cover types are described following.

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.

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 drainage subbasin composite curve numbers were calculated by an area weighting
method.

Basin Lag Time

The basin 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
S, = 1000/CN - 10

Conveyance System Routing

Mountain area runoff enters Neffs Canyon Creek via sheet flow, shallow concentrated flow and
stream flow. In urban locations runoff is routed to Neff’s Creek through storm drain pipes or road
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side drainage ditches. The shape and roughness of these conveyance systems were estimated
based on site visits and engineering judgment.

MOUNTAIN AREAS

Subbasin hydrologic characteristics for the mountain area conditions are summarized in Table
II-1. Required hydrologic characteristics for use in modeling storm water runoff with the Soil
Conservation Service Curve Number (CN) and Unit Hydrograph technique include drainage
areq, Curve Number, and Lag Time.

NEFFS CANYON SUBBASIN CHTRBALE:}IEILISTICS FOR MOUNTAIN AREAS

Subbasin ID Area Area Weighted Lag
(Acres) CN Time

(hn)

Upper Basin 723 63 1.32
Middle Basin 822 67 1.18
Lower Basin 840 66 1.25
SMB1 73 65 0.12
SMB2 235 65 0.16

TOTAL: 2693
URBAN AREAS

Hydrologic characteristics for urban areas in the model are presented in Table [I-2. Urban
hydrologic characteristics for use in modeling storm water runoff with the SCS Curve Number
and Unit Hydrograph technique include drainage areq, percent of the subbasin which is
covered by impervious areq, percent of the subbasin which is directly connected impervious
areqa, composite curve number representing the portion of the subbasin which includes the
pervious area plus the impervious areas which are unconnected (that is runoff off these areas
flows across pervious surfaces prior to entering the conveyance system), and time of
concentration.

SALT LAKE COUNTY FLOOD CONTROL II-3 Neffs Canyon Creek Master Plan



NEFFS CANYON SUBBASIN CHARACTERISTICS FOR URBAN AREAS

TABLE lI-2

% Directly Perv%‘:js . | Tmeot
. Area % Impervious | Connected Concentrati
Subbasin ID ; Unconnect
(Acres) Area Impervious od on
Areq . (minutes)
Impervious
Urb-1 31 32 14 65.6 42
Urb-2 81 35 17 66.0 43
Urb-3 24 38 19 66.6 18
Urb-4 18 38 19 66.5 17
Urb-5 13 32 16 64.8 18
Urb-6 30 45 29 66.0 28
Urb-7 10 42 25 66.3 15
Urb-8 21 53 36 68.0 16
TOTAL: 207

DESIGN RAINSTORM

Precipitation depth-duration return period information provided in the”Rainfall Intensity Duration
Analysis Salt Lake County, Utah” (TRC North American Weather Consultants, 1999) (hereinafter
referred to as TRC 1999) and from National Oceanic and Atmospheric Administration Atlas 14
(NOAA 14) found on the website hitp://hdsc.nws.noaa.gov/hdsc/pfds were compared. The TRC
1999 depth-duration return period maps cover the urban portion of the study area. The
following table provides a comparison between the predicted 100-year rainfall depths for the
urban area taken from the two sources.

TABLE II-3
COMPARISON OF TRC 1999 AND NOAA 14 RAINFALL DEPTHS (INCHES)
OLYMPUS COVE URBAN AREA

RETURN PERIOD - DURATION TRC 1999 NOAA 14
100-YEAR 30-MINUTE 1.24 1.49
100-YEAR 1-HOUR 1.62 1.84
100-YEAR 6-HOUR 2.38 2.33
100-YEAR 24-HOUR 3.46 3.53
SALT LAKE COUNTY FLOOD CONTROL -4 Neffs Canyon Creek Master Plan



Because the TRC 1999 depth-duration return period maps do not cover the mountain
watersheds, it was decided to use the NOAA 14 data for consistency. 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 Neffs Canyon, Middle
Neffs Canyon, Lower Neffs Canyon, and the Urban Areaq.

Storm Duration Sensitivity Analysis

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 by successive model runs using 1-hour, 3-hour, 6-hour, 12-hour, and 24-hour
storm durations. The 24-hour storm duration was found to produce the largest peak and was
used as the basis for Neffs Canyon design flows.

Storm Distribution

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 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 based on data from two rainfall gage
networks located in central and north-central Utah. These gage networks are referred to as the
Great Basin Experimental Area (GBEA) and the Davis County Experimental Watershed (DCEW)
respectively. This effort has become the definitive source for rainfall distributions appropriate
for the Wasatch Front area. Because this study applied to short duration storms, it was not
applied to durations exceeding the 6-hour event.

Thirteen separate gaging stations in the Great Basin Experimental Area (ranging in elevation
from 5,500 feet to over 10,000 feet) were maintained for varying periods of time from 1919 to
1965. Fifteen gaging stations were maintained in the Davis County Experimental Watershed
(ranging in elevation from 4,350 to 9,000 feet) for varying periods of time between 1939 and
1968. After completing their analyses of the data, Farmer and Fletcher found that “more than
50 percent of the storm rainfall depth occurs in 25 percent of the storm periods;” and that
“usually more than half of the total depth of rain is delivered as burst rainfall.” Farmer and
Fletcher developed design storm distributions which have become accepted by governmental
entities including Salt Lake County and Davis County as the characteristic distributions for storms
in Utah of short duration (generally less than six hours).

The work of Farmer and Fletcher was expanded in 1985 to develop a 24-hour rainfall distribution
from the GBEA data (VHA, 1985). For the derivation of the design 24-hour rainfall event, a storm
was defined “as a period of continuous or intermittent precipitation delivering at least 0.1 inches
of rainfall during which time dry periods without rainfall did not exceed four hours.” Storms
having durations ranging from 20 hours to 28 hours were accepted to be representative of a
24-hour storm duration. The 24-hour duration storms were then screened to include only storms
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which contained rainfall meeting the burst criteria of having over 50 percent of the precipitation
occurring in less than 25 percent of the time. Storms meeting the burst criteria were further
categorized in accordance with which quartile of the storm the burst had occured (i.e. the first,
second, third or fourth quarter of the storm period). Identified storms were used to develop a
24-hour design storm distribution for use in Utah.

A sensitivity analysis for all storm distributions developed shows the 3 quartile storm distribution
to produce the higher runoff peaks. The SCS Type Il distribution is an extreme distribution which
includes a very intense burst of rainfall with over 35 percent of the 24-hour total rainfall
occurring within a half hour. The GBEA 3" Quartile storm distribution developed in 1985 includes
a burst of rainfall with an approximate 10 percent of the 24-hour total rainfall falling within a half
hour period. In a similar comparison, the SCS Type Il distribution allows approximately 62
percent of the total precipitation to occur within the same period.

Because the distribution was developed based on local data, the GBEA distribution is believed
to be the best available storm distribution for Utah for storms lasting between 6 and 24 hours.
For the same reason, the Farmer-Fletcher distribution is the best available storm distribution for
durations of less than 6 hours. Comparisons of the predicted runoff peaks from the GBEA storm
distribution and from the Farmer Fletcher storm distribution reveal good agreement for a é6-hour
duration storm.

Aerial Reduction

Aerial reduction factors were applied to the model 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 4.52 square miles which results in an aerial reduction factor of 0.96 or an equivalent
precipitation depth reduction of 4% for the 24-hour event. The respective areal reduction
amounts shown in Table II-4 were applied to each of the precipitation depths obtained from the
NOAA 14 Atlas.

Table II-4
AREAL REDUCTION FACTORS
Storm Duration Areal Reduction Factor
30-minute 0.82
1-hour 0.86
3-hour 0.91
6-hour 0.93
12-hour 0.95
| 24-hour 0.96
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Rainfall Adjustment

Rainfall is assumed to produce the peak runoff for Neffs Canyon Creek. The NOAA Atlas 14 did
not include an update to the May-October rainfall amounts included in NOAA Atlas 2. The
precipitation values found in NOAA Atlas 14 are based on the complete data set (full year
including snow). In order to predict the rainfall values based on the NOAA Atlas 14, a ratio was
calculated using the NOAA Atlas 2 May-October rainfall versus the full year precipitation from
NOAA Atlas 2. This ratio was applied to the NOAA Atlas 14 full year precipitation values to
produce design storm rainfall amounts. The precipitation values from NOAA 14 with areal and
rainfall adjustments are shown in Table II-5.

ADJUSTED PRECIPITATIONTslgll.?JIIEISSFOR 100-YEAR DURATION
Zone 30-min 1-hour 3-hour 6-hour | 12-hour | 24-hour
Upper Neffs Canyon 1.20 1.58 1.98 2.32 3.10 3.97
Middle Neffs Canyon 1.20 1.56 1.95 2.26 3.01 3.77
Lower Neffs Canyon 1.16 1.51 1.86 2.12 2.74 3.32
Urban Area 1.14 1.49 1.80 2.04 2.60 3.12

TRANSMISSION LOSSES

Transmission losses result from infilfration along the drainage channel reaches and are
calculated using methodology presented in the “National Engineering Handbook , Section 4 -
Hydrology, Chapter 19 - Transmission Losses.” These losses apply to ephemeral streams in
semiarid regions typical of the Neffs Canyon area. The losses are calculated using regression
equations based on the effective hydraulic conductivity.

A gaining stream is defined as a stream that receives groundwater discharge. The upper
reaches of Neffs Canyon upstream of about 7,400 feet and tributary channels were assumed
to be gaining, therefore, no losses were applied to those reaches.

DESIGN FLOWS

A storm rainfall runoff model was prepared for the Neffs Canyon watershed using the U.S. Army
Corps of Engineers Hydrologic Modeling System (HEC-HMS) software. A summary of the design
creek flow rates for a 10-Year and a 100-Year return period (a 100-year return period event has
a 1% chance of being equaled or exceeded in any given year) are provided in Table VI-1. A
duration sensitivity analysis was performed and the 24-hour storm was found to govern both the
10-year and 100-year events.
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Table lI-6
NEFFS CANYON CREEK — DESIGN FLOW RATES

Predicted Rainstorm Runoff Flow Rates (cfs)
Location
10-Year 100-Year
Canyon Mouth 70 300
Wasatch Blvd Q0 350
SNOW MELT

Historical snowmelt peak flows are not available for Neffs Canyon. Regression equations
developed by Gingery and Associates ("Hydrology Report, Flood Insurance Studies, 20 Utah
Communities, F.LA. Contract H-4790", 1979) were used to estimate snowmelt runoff. The
equations rely on the size of the basin area and the return period for the snowmelt event. Table
II-7 gives a summary of expected snowmelt flows at the canyon mouth.

Table II-7
ESTIMATED SNOW MELT FLOW RATES
Predicted Shnowmelt Flow Rates (cfs)
Location
10-Year 50-Year 100-Year
Mouth of Canyon 50 70 75

SALT LAKE COUNTY FLOOD CONTROL -8 Neffs Canyon Creek Master Plan



CHAPTER IlI

DEBRIS FLOW HAZARD STUDY

An evaluation of the debiris flow hazard potential for Neffs Canyon was completed by Applied
Geotehcinal Engineering Consultants (AGEC), P.C. (Project No. 1050097, August 10, 2005, see
copy on CD in appendix). The debris flow hazard study included a review of geologic literature,
an evaluation of aerial photographs, filed reconnaissance, and analysis. AGEC findings are

summarized below.

. “The mouth of Neffs
Canyon is situated
approximately 400
feet above the
Bonneville Shoreline.
The Neffs Canyon
Alluvial fan extends
out onto and
coalesces with Lake
Bonneville deposits.”

. “Study of the aerial
photographs did not
identify discrete
debiris flow lobes on
the fan. However,
the distal portion of
the fan is irregular in
extent, which may
be interpreted as a
series of discrete
flows with variable
run-out distances.”

. “Personius and Scott
(1992) map the area
of the Neffs Canyon
alluvial fan as af2,
which is assigned the
age of middle
Holocene to
uppermost
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. “Landslides typically do not form in limestone and quarizite, which is the bedrock
underlying Neffs Canyon, indicating that this debris flow triggering mechanism would be
less likely than storm-induced erosion on denuded areas.”

. “The southern reaches of the Neffs Canyon drainage basin contain abundant exposed
bedrock, which promotes rapid surface-water runoff that could help generate a debris
flow. However, these north-facing slopes also contain large areas of dense brush and
trees that act to inhibit mobilization of slope colluviaum.”

. “The potential for debris flow would be increased if a significant portion of the drainage
is burned.”
. “Possible geomorphic evidence of past debris flow activity was observed in the lower

reach of Norths Fork tributary, where boulder trains and levees were observed between
roughly parallel channels on either side of the drainage.”

. “... adlthough the lower drainage channel is relatively broad it contains an incised
channel that would act to partially confine a debris flow.”

. Two methods were used to calculate the potential debris flow volume for each channel
segment. The total volume of debris flow calculated is 154,700 cubic yards and 148,200
cubic yards for the different methods.

. “The portion of the Neffs Canyon drainage below approximate elevation 6800 feet has
a gradient suggesting deposition rather than erosion and would decrease the volume
of sediment reaching the canyon mouth. The potential deposition in this reach is
estimated at 13,000 cubic yards.”

. “Overall, it is clear from the literature that debris flows have occurred in the past more
commonly in Davis County than Salt Lake County. The drainages that produce these
events are typically much smaller than Neffs Canyon.”

. “The predicted debris flow volumes ... represent an event that occurs over the entire
Neffs Canyon drainage basin. The potential for a smaller flow to occur within one of the
tributary channels, or within tributary channels in a portion of the canyon, is greater than
the potential for debris flows to occur simultaneously within the entire basin. Further,
many of these smaller flows may be deposited before reaching the canyon mouth due
to the low gradient of the main channel below approximate elevation 6800 feet.”

It is difficult fo assign a probability to the potential debris flow events. In discussion with the
geologist and Salt Lake County, it was decided that taking the average of the predicted debris
flow from the largest channel segment, upper Neffs Canyon, [(35,000 + 58,600)/2] = 46,800
cubic yards and subtracting the estimated deposition in the lower reach (13,000 cubic yards)
provides an estimated debris flow volume (33,800 cubic yards) which may be an appropriate
design volume for facilities with the objective of providing protection to developed ares below
the canyon mouth. The design debris flow volume (33,800 cubic yards) is about 21 acre-feet.

SALT LAKE COUNTY FLOOD CONTROL -10 Neffs Canyon Creek Master Plan



CHAPTER IV

EXISTING CONVEYANCE SYSTEM DESCRIPTION AND CAPACITY

The existing Neffs Canyon Creek conveyance system consists of open channels and culverts.
The existing channel alignment is shown on Figure IV-1. The conveyance system flows through
the Olympus Cove subdivision. The Olympus Cove subdivision was constructed in about 1958.
The Forest Service boundary defines the east border of the Olympus Cove subdivision. After
development of the subdivision, the area was identified as an active alluvial fan, with significant
flood and debris flow risk. This condition is exacerbated because the Neffs Creek low flows
currently are delivered to the subdivision from a channel which is higher than the thalweg
(lowest part) of the canyon. The higher channel appears to be the result of a past diversion
(possibly for irrigation purposes). In places the water elevation in the current channel is
significantly higher than the lower thalweg. The alignment of the current channel and the
thalweg are shown on Figure IV-2.

The diversion to the current channel from the Neffs Canyon thalweg occurs about 1300 feet east
of the homes. The diversion is somewhat fragile and storm runoff often spills into the lower
thalweg.

The capacity of the existing conveyance system through the residential area was estimated by
surveying the culverts (inlet flow line, outlet flow line, and available headwater elevation at the
inlet) and surveying typical channel cross sections. A HEC-RAS model was prepared of the
conveyance system and culvert capacities were estimated (see Appendix). Culvert capacities
are provided in the following table.

TABLE IV-I
ESTIMATED CAPACITY OF EXISTING CULVERTS

DISTANCE
lockTon | WSREAMOF | IENGTH | DMETR | Cypucry

(feef) (CFS)
Zarahemla Dr. 6375 175 2.5 50
Abinadi Rd 5476 59 3 100
Mathews Way 5192 60 4 130
Parkway Dr. 4597 29 3 50
Adonis Dr. 4232 70 3 55
Brockbank Dr. 3543 68 5 230

SALT LAKE COUNTY FLOOD CONTROL V-1 Neffs Canyon Creek Master Plan
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DISTANCE

ESTIMATED
UPSTREAM OF LENGTH DIAMETER

LOCATION | \ASATCH Biva. (fee) (feet) CAPACITY

(CFS)
(feet)

Neptune Dr. 2505 166 5 160
Jupiter Dr. 2099 93 5 138
Fortuna Way 1408 95 5 140
Achillies Dr. 715 45 5 150

Existing channel capacities vary significantly through the Olympus Cove subdivision. The existing
channel between Abinadi Road and Zarahemla Drive has an estimated bank full channel
capacity of less than 200 cfs (assuming no backwater effects from the culvert at Abinadi Road).
The smallest existing channel capacity is located adjacent to Helaman Circle below Zarahemla
Drive and has an estimated bank full capacity of about 120 cfs. The safe carrying capacity is
much less than the bank full carrying capacity due to high erosion potential with higher flows
on the steep channel slopes. The channel adjacent to Helaman Circle has a safe carrying
capacity of less than 70 cfs (due to the risk to a berm).

The channel below Abinadi Road generally has sufficient capacity (in excess of the 100-year
event assuming that the backwater effects are eliminated by replacing the culverts), but there

is a high erosion potential and risk that the channel will move affecting existing buildings.

SALT LAKE COUNTY FLOOD CONTROL
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CHAPTER V

ALTERNATIVE EVALUATION

A key master plan study objective is to identify means for flood and debris flow hazard
mitigation. The Federal Emergency Management Agency in “Guidelines for Determining Flood
Hazards on Alluvial Fans” (FEMA, 2000) states: “Active alluvial fan flooding occurs only on alluvial
fans and is characterized by flow path uncertainty so great that this uncertainty cannot be set
aside in realistic assessments of flood risk or in the reliable mitigation of the hazard.” Alternative
mitigation methods have been investigated for debris flow and conveyance system flooding.

DEBRIS FLOW MITIGATION ALTERNATIVES

Mitigation measures for debris flows can be categorized into three types: debris basin,
deflection, and watershed treatments.

Debris Basin. A debris basin positioned to intercept debris flows prior to reaching the residential
area provides an embankment designed to stop the debris flow allowing the soilds portion of
the debris flow to deposit in the debris basin and the liquid portion to flow through the basin
outlet facilities. Debris basins have been used for years and have provided a reliable means
of mitigating debris flow hazards.

Deflection. Deflection utilizes an armored embankment to deflect debris flows away from
homes. A suitable location to receive the deflected deburis flows does not exist at the mouth of
Neffs Canyon, therefore this alternative was eliminated.

Watershed Treatments. Watershed treatments include several different types of measures which
are implemented in the watershed. These measures include construction of temporary
measures such as silt fences, organic debris rakes, and matting. More permanent type
measures include earth retaining structures to stabilize potential trigger areas. Because these
measures would need to be implemented within the designated Wilderness Areq, equipment
for construction of these treatments would be limited to hand tools. Measures which could be
constructed with hand tools would be temporary and not sufficiently durable to provide
sufficient debris flow mitigation to remove the homes from the hazard. These measures could
be effective in providing short term protection such as during the re-vegetation period after a
fire.

Of the debris flow mitigation alternatives, only the debris basin was found to sufficiently reduce
the debiris flow hazard to the homes.

DEBRIS BASIN ALTERNATIVES
Two alternative debris basin locations have been identified: Upper Debris Basin (located partially

in the Wilderness Areq), and Lower Debris Basin (located below the Wilderness Areq). The
alternative debris basin locations are shown on Figure V-1.
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Upper Debrls Basin

The Upper Debris Basin alternative is located partially within the wilderness area and would
conceptually have a top of dam elevation of 5610 feet. For reference, the existing parking lot
and the top of the old reservoir embankment are at about 5600 feet. This alternative would
allow maintaining a portion of the existing trees between the homes and the embankment. A
action of the U.S. Congress would be required to authorize construction and maintenance within
the wilderness area. A typical cross section through the Upper Debris Basin is shown on
Figure V-2.

Lower Debris Basin

The Lower Debris Basin alternative is located on U.S. Forest Service property between the
wilderness area and the homes. The conceptual top of dam elevation is 5595 feet (about five
feet lower than the top of the existing old reservoir embankment). A typical cross section
through the Lower Debris Basin is shown on Figure V-3.

URBAN AREA FLOOD CONVEYANCE SYSTEM ALTERNATIVES

Conveyance system improvements without the debris basin discussed above are believed to
be insufficient fo remove the homes from the flood hazard designation. Four alternatives have
been identified for improving the conveyance system through the residential area between
Zarahemla Drive and Wasatch Blvd. Three of the alternatives (riprap channel, composite
channel, and concrete low flow channel) assume that the existing under-capacity culverts (see
Table IV-1) are replaced. The fourth alternative replaces the existing culverts and channels with
a storm drain pipe. Conceptual cross sections of the alternatives are shown on Figure V-4. The
alternatives are compared on Table V-1. An option for the composite channel alternative is
included which does not include grade control structures.
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TABLE V-1

NEFFS CANYON CREEK
CONVEYANCE ALTERNATIVES COMPARATIVE MATRIX

CONVEYANCE COMPARE
ALTERNATIVE DESS‘IE:;:}IT::}SW COMMENT COST
(Description/Location) PER FOOT
1. 300 cfs SF=1 Likely the least $400
RIPRAP CHANNEL 70 cfs SF=1.5 maintenance costs.
The drops will affect
50 cfs riprap lowflow the width of the
2A. - improvements and will
COMPOSITE CHANNEL | SO0 Cfs W/SF=1 onmatt | G -0 1ce potential for 9550
So = 7.0%, GSBD 5' height : . -
conflict with existing
structures.
50 cfs riprap lowflow . .
2B. . Potential for extensive
COMPOSITE CHANNEL | Mot s'de;'fog‘:s’ butno | o osion in higher flows. | $220
3 50 cfs low flow with
CoNCRETELow rtow | 108 SIee Seph | Soey ong cesbies
CHANNEL with MAT rseq P g e $240
matt lined channel above extensive erosion in
PROTECTED GRASS .
to total 300 cfs sequent higher flows.
CHANNEL
depth
300 cfs: ancerns over
4. min. depth fo pipe flowline | Maintenance ana $340
PIPE ALTERNATIVE -aepih fo pip integrity of pipeline
= sequent depth . ; ;
without a debris basin.

Note: The comparative cost per foot does not include costs for elements common to all
alternatives. For example the road repair costs are not included and are considered equivalent
for all alternatives and therefore not needed to compare conveyance alternatives.
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CHAPTER VI
SUMMARY

A key purpose of Salt Lake County Flood Control is to plan drainage improvements to better
protect County residents from flooding and bring the system up to the requirements of the
federal Flood Insurance Program. An analysis of Neffs Canyon Creek flooding hazard mitigation
has been completed for the subdivision located between the mouth of Neffs Canyon and
Wasatch Blvd. The analysis and potential mitigation measures are summarized below.

DESIGN FLOWS

A storm rainfall runoff model was prepared for the Neffs Canyon watershed using the U.S. Army
Corps of Engineers Hydrologic Modeling System (HEC-HMS) software (please see Chapter I
above). A summary of the design creek flow rates for a 10-Year and a 100-Year return period
(a 100-year return period event has a 1% chance of being equaled or exceeded in any given
year) are provided in Table VI-1. The snow melt flood flows were estimated using regional
regression equations (see estimated snow melt flow rates in Table VI-2).

Table VI-1
NEFFS CANYON CREEK — DESIGN FLOW RATES
Predicted Rainstorm Runoff Flow Rates (cfs)
Location
10-Year 100-Year
Canyon Mouth 70 300
Wasatch Blvd Q0 350
Table VI-2
ESTIMATED SNOW MELT FLOW RATES
Predicted Showmelt Flow Rates (cfs)
Location
10-Year 50-Year 100-Year
Mouth of Canyon 50 70 75

DEBRIS FLOW HAZARD

A debiris flow flooding hazard associated with an alluvial fan has been identified for areas
located downstream of the mouth of Neffs Canyon (see Chapter lll). The design debris flow
volume (33,800 cubic yards) is about 21 acre-feet.
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EXISTING CONVEYANCE SYSTEM

Neffs Creek low flows currently are delivered to the Olympus Cove subdivision from a channel
which is higher than the thalweg (lowest part) of the canyon. The alignment of the current
channel and the thalweg are shown on Figure IV-2. The diversion to the current channel from
the Neffs Canyon thalweg occurs about 1300 feet east of the homes. The diversion is somewhat
fragile and storm runoff often spills into the lower thalweg.

The existing channel and culvert system which conveys Neffs Canyon flood flows through the
subdivision to Wasatch Blvd. has capacity for about the 10-year snow melt event (about 50 cfs).

There is risk of flooding of homes for events exceeding the 10-year snow melt event. In
addition, the existing channel is steep and there is risk of rapid bank erosion during a major
event.

DEBRIS FLOW AND FLOODING MITIGATION ALTERNATIVES

The recommended alternative for providing protection to developed areas below the canyon
mouth is the construction of a debris basin for a design debris flow volume of 21 acre-feet.
Alternative debris basin locations are shown on Figure V-1.

It is recommended that the conveyance system through the subdivision be improved to convey
the 100-year flood event. It is recognized that without the debris basin recommended above,
flooding risk to homes cannot be mitigated through conveyance system improvements alone.

Proposed Neffs Creek conveyance improvements are shown on Figure VI-1. Alternative channel
cross section improvements are discussed in Chapter V (see Figure V-4) with a cost comparison
(see Table V-1).
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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 drainage 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.

Design Rainstorm - 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 street maintenance, control nuisance
flooding, help create an orderly urban system, and provide convenience to urban residents.

Maijor storm drainage 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 areq), large conduits, open channels, and regional detention facilities.

Maijor 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 exceeded
in 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.

thalweg (tal'veq) - The line defining the lowest points along the length of a river bed or valley.
A subterranean stream. “The American Heritage® Dictionary of the English Language, Fourth Edition
Copyright © 2005, 2000 by Houghton Mifflin Company. Updated 2005.”
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NOAA 14 DATA ADJUSTED FOR SEASONAL AND AREAL REDUCTION
Seasonal adjustment 0.94
Areal reduction See Areal Reduction Sheet

Precipitation Zones and Depths for 100-year Storm Event

Zone 30 min 1hr 3hr 6 hr 12 hr 24 hr
(in) (in) (in) (in) (in) {in)
Upper Neffs Canyon 1.20 1.58 1.98 2.32 3.10 3.97
Middle Neffs Canyon 1.20 1.56 1.95 2.26 3.01 3.77
lLower Neffs Canyon 1.16 1.51 1.86 2.12 2.74 3.32
Urban 1.14 1.49 1.80 2.04 2.60 3.12
Seasonal adjustment 0.89
Areal reduction See Areal Reduction Sheet
Precipitation Zones and Depths for 10-year Storm Event
30 min 1hr 3hr 6 hr 12 hr 24 hr
Zone . . . . . :
(in) (in) (in) (in) (in) (in)
Upper Neffs Canyon 0.57 0.75 1.07 1.42 1.93 2.62
Middie Neffs Canyon 0.57 0.74 1.04 1.39 1.87 2.50
Lower Neffs Canyon 0.55 0.72 1.00 1.28 1.70 2.20
Urban 0.54 0.70 0.96 1.23 1.61 2.08




AREAL REDUCTION
Calculated by GLJ on 3/10/2006

Based on the Salt Lake Hydrology Model

Total Area 4.54 mi*2

Duration Areal Reduction

30-min 0.82
1-hr 0.86
3-br 0.91
6-hr 0.93

12-hr 0.95
24-hr 0.96

%2
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Transmission Losses @ Bottom of Neffs Canyon
100 Year - 24 Hour Event

"National Engineering Handbook", Section 4 - Hydrology, Chapter 19 - Transmission Losses

D = duration (hours)
P = inflow volume (acre-feet)

a(D) = -0.00465KD
k(D,P) = -1.09In[1.0 - 0.0545KD/P]}

0
It

D= 24 Hours 156.92 acre-feet

K= 4 infhr

a= -0.44640 acre-feet
k= 0.003640 (ft-mi)”

b = regression slope for unit channel
b= 0.996366
kxw

b(x,w)=e

x = length of reach (miles)
w = average width of flow (feet)

X = 2 miles
w= 10 feet
b(x,w) = 0.930

a(x,w)=a/1-b[1-b(x,w)]
a(x,w) = -8.63 acre-feet
Po(x,w) = -a(x,w)/b(x,w)
Py = 9.28 acre-feet
P = inflow volume (acre-feet)
P= 156.92 acre-feet
Q(x,w) = 137.3 acre-feet

q(x,w) = 12.1/D*(a(x,w) - [1-b(x,w)]P) + b{x,w)p
p = peak rate of inflow (cfs)

p= 335 cfs
qxw) = ofs
The losses in cfs per 1000 feet of reach length

L= 3.17 cfs/1000ft
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Project: NoDebBasin® KinematicU Simulation Run: 100yr-24hr-New

Start of Run:  01Aug2005, 12:00 Basin Model: NeffCanyon
End of Run: 02Aug2005, 18:00 Meteorologic Model:  100yr-24hr
Compute Time: 21Dec2007, 12:09:24 Control Specifications: 24hr

Volume Units: AC-FT
Hydrologic { Drainage Area | Peak Discharge| Time of Peak Volume
Element (MI2) (CFS) (AC-FT)
Channell.oss |3.7280 300.7 02Aug2005, 04:47 136.8
J-1 2.4150 241.8 02Aug2005, 04:38 122.3
J-2 3.7280 336.1 02Aug2005, 04:43 170.4
J-3 4.0168 1317.7 02Aug2005, 04:43 149.8
J-4 4.0824 321.7 02Aug2005, 04:45 153.5
J-5 4.1496 326.1 02Aug2005, 04.47 187.7
J-6 4.5654 348.0 02Aug2005, 04:46 174.2
J-7 0.3674 31.7 02Aug2005, 03:33 12.9
J-8 0.1138 9.9 02Aug2005, 03:32 4.0
Lower Basin |1.3130 94.4 02Aug2005, 04:42 48.1
Middle Basin | 1.2850 135.1 02Aug2005, 04:31 67.1
R-1 1.1300 107.9 02Aug2005, 04:48 55.3
R-2 2.4150 241.8 02Aug2005, 04:43 122.3
R-3 4.0168 317.7 02Aug2005, 04:45 149.8
R-4 4.0824 321.7 02Aug2005, 04:48 153.5
R-5 3.7280 336.1 02Aug2005, 04:47 170.4
R-6 4.1496 326.1 02Aug2005, 04.52 157.7
Reach-1 0.3674 31.7 02Aug2005, 03:32 12.9
Reach-2 0.1138 9.9 02Aug2005, 03:36 4.0
SMB-1 0.1138 9.9 02Aug2005, 03:32 4.0
SMB-2 0.3674 31.7 02Aug2005, 03:33 12.9
UB-1 0.0484 4.6 02Aug2005, 03:31 2.3
UB-2 0.1266 12.9 02Aug2005, 03:31 6.7
UB-3 0.0375 4.3 02Aug2005, 03:31 2.1
UB-4 0.0281 3.2 02Aug2005, 03:30 1.6
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Hydrologic | Drainage Area | Peak Discharge| Time of Peak Volume
Element (Mi2) (CFS) (AC-FT)
UB-5 0.0203 2.0 02Aug2005, 03:31 1.0
UB-6 0.0469 6.0 02Aug2005, 03:30 3.2
uB-7 0.0156 1.9 02Aug2005, 0330 1.0
uB-8 0.0328 4.9 02Aug2005, 03:31 2.6
Upper Basin | 1.1300 107.9 02Aug2005, 04:43 55.3
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Snowmelt Calculations for Neffs Canyon
Client: Salt Lake County

Project #: 014.10.100

Computed: GLJ

Basin Size = 3.73 mi®

Qqo = 14.13A%*  where R = 0.84
Qs = 20.44A%*  where R =0.84
Qqo0 = 22.57A%%"  where R = 0.84

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

Qi = 49 cfs
Qsp = 69 cfs
Q1DQ = 75 cfs

REFERENCE: "Hydrology Report, Flood Insurance Studies, 20 Utah Communities, F.I.A. Contract H-
4790", Gingery and Associates, 1979.
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HEC-RAS Plen: EX 1 River Neff's Cenvon Reach: Existing Ghannel  Profile: PF 1
r Reach River Ste Profile E.G.US. W.S. US. E£.G6.1C £.G.0OC Min El Wair Flow 0 Culv Group Q Weir Deha WS Culv Vel US Cutv Vel DS
{fy (L)) 1] () tH) tets} fcfs} { (fus) (s}
iExisﬁng Cheannal 6371.54 Culve #7 PF 1 5576.82 5578,79 5578.82 5§562.35 5577.73 56.79 3.2 23,18 11.57 26.60
E’Ex'TSling Channgl 5476  Culvert #1 PF 1 5466.75 5468.75 5468.06 5468.75 5468.21 101.45 26.55 1077 14.35 14,35
' |Existing Chennet  [5192  Culverl #1 PE 5440.86 5440,85 5440.86 544043 5441.01 130.00 7.46 10.35 13.86
EE)dsling Channgf 4597  Culver #1 PF1 5382.13 5382.09 5382.33 5381.92 5381.01 61.69 68.31 5.40 6.73 14.14
E._E;isﬁrg Channel 4232 Culver #1 PF 1 5345.12 5345.09 5345.12 §344.66 5344.71 60.84 63.06 6.61 2.47 11.78!
[Existing Channet 3543  Culven #1 PF 1 5275.6Q 5275.57 5275.11 5275.60 5278.61 130.0D 0.3g 9.58 17.49
tExisting Channa! 2505 Culver ¥1 PF 1 §181.20 5161.08 5180.67 5181.20 5181.81 130.00 12.08 9.58 19.61
Existing Channgl 2092  Culver #1 PF 1 5139.00 5138.82 5138.58 5139.00 5132.11 130.00 7.6% 9.58 15.45
Exisiing Channel 1408  Culved #1 PF1 5087.40 5087.29 5087.03 5087.40 5087.61 130.00 617 .58 13.33
Existing Channel 715 Culven #1 BF1 5020.90 5D22.78 5028.48 5028.80 5030.01 130.00 4.71 49.58 14.27




HEC-RAS Plan: £X 1 River: Neffs Canyon Reach: Existing Channel  Prafile: PF 1
Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C& Elass Qieft Q Channef Q Right Top Width
) (ft) () () (ft) {ft) {cts) (cfs) (cfs) (")
Existing Channel 7808.65 PF1 5751.38 5750.68 0.70 3.80 0.20 130.00 14.13
Existing Channel 5465.43" PF 1 5578.82 5578.79 0.03] 130.00 25.9%
Existing Channel 8371.54 Cuivert
Existing Channel 6273.55° PF1 5556.31 5555.61 0.69 7.83 0.00 130.00 14.14
Existing Channet 6177.60° PF1 554512 5543.84 1.18 11.13, 0.05 130.00 13.12
Exisling Channet £6081.66" PF 1 5532.83 5532.08 0.77 1217 012 130.00 13.92
Exlsting Channe! 5985.71° PF1 5520.82 5519.67 1.15 11.97 0.04 130.00 13.16
Existing Channel 5889.77* PF 1 5508.55 5507.77 0.79 12.17 0.11 130.00 13.88
Existing Channel 5793.83" PF 1 5496.52 5485.40 1.12 11.99 0.03 130.00 13.20
Existing Channel 5697.88" PF 1 5484.27 5483.47 0.80 12.16 0.10 130.00 13.84
Existing Channel 5601.94* PF 1 5472.23 5471.13 1.10 12.00 0.03 130.00 13.24
Existing Channel 5506 PF1 5468.75 5468.75 0.00 130.00 26.30
Existing Channel 5476 Culvert
Existing Channel 5448 PF1 5458.68 5457.08 0.70 6.08 0.00 130.00 14.13
Existing Channel 5371.3% PF1 5451.28 5450.37 0.91 7.37 0.02 130.00 13.59
Existing Channel 5296.66* PF 1 5443.81 5443.10 0.70 7.41 0.06 130.00, 14.12
Existing Channel 5222 PF 1 544086 5440.85 0.02 130.00 26.30
Existing Channe! 5192 Culvert .
Existing Charnel  |5161 PF 1 5434.08 5433.38 0.70 130.00 14.13
Existing Channel 5069.5* PF1 5425.03 542412 0.81 8.02 0.02 130.00 13.59
Existing Channel 4978.* PF1 5415.91 5415.21 0.70 9.07 0.08 130.00 14.12
Existing Channel 4886.5* PF1 5406.86 5405.96 0.90 9.02 0.02 130.00 13.61
Existing Channel 4795.* PF 1 5387.75 5387.04 0.70 9.06 0.06 . 130.00 14.1
Existing Channel 4703.5°* PF 1 5388.69 5387.78 0.90 9.03 0.02 130.00 13.62
Existing Channel 4612 PF 1 5382.13 5382.08 0.04 130.00 23.93
Existing Chanpe! 4597 Culvert
Existing Channe! 4582 PF 1 5377.38 5376.68 069 6.43 0.00 130.00 14.14
Existing Channel 4503.25° PF 1 5368.64 5367.54 1.10 8.70 0.04 130.00 13.25
Exisfing Channel 4424.5* PF1 5359.68 5358.97 0.7 8.85 012 130.00 1410
Existing Channel 4345.75° PF1 5350.82 5349.86 1.07 8.71 0.04 130.60 13.30
Existing Channel 4267 PF1 534512 5345.09 0.03 130.00 25.62
Existing Channel 4232 | Culvert
Existing Channel 4196 PF 1 5339,18 5338.48 0.70 - 121 0.00 130.00 14.13
Existing Channel 4107.57° PF 1 5329.75 5328.72 1.03 8.39 0.03 130.00 13.37
Existing Channel 401914 PF 1 532015 5319.44 0.70 2.51 0.10 130.00 14.11
Existing Channei 3930.71* PF1 5310.71 53038.70 1.01 3.40 0.03 130.00 13.40
Existing Channe| 3842.28" PF 1 §301.121° 5300.40 0.7 9.51 0.09 130.00 14.08
Existing Chennel 3753.85° PF1 5291.67 5290.68 0.98 941 0.03 130.00 13.43]
Existing Channel 3665.42" PF1 5282.08 5281.37 0.72 9.51 0.08 130.00 14.06
Existing Channel 3577 PF 1 5275.60 5275.57 0.03 130.00 25.41
Existing Channet 3843 Cuivert
Existing Channel 3509 PF 1 5266.88 5266.18 0.701 750 0.00 130.00 14.13
Existing Channel 3416.8* PF1 525811 5257.22 0.89 8.74 0.02 130.00 13.16
Existing Channel 334.8* PFA1 5249.28 5248.55 0.73 7.60 0.00 130.00 13.07
Existing Channel 3232.7* PF1 5240.52 5239.59 0.93 8.74 0.02 130.00; 12.14
Existing Channel 3140.6* PF1 5231.71 5230.94 0.77 7.66 0.00 130.00 12.04
Existing Channel 3048.5" PF 1 5222.96 5221.98 0.97 8.73 0.02 130.00 11.15
Existing Channe) 2856.4" PF1 5214.18 5213.36 0.82 7.82 0.00 130.00 11.02
Existing Channel 2864.3° PF 1 5205.44 5204.44 1.00 8.72 0.02 130.00 10.23
Existing Channel 2772.2* PFA1 5196.6% 5195.31 0.88 8.03 0.00 130.00 10.04
Existing Channel 2680.1° PF1 5187.97 5186.95 1.02 8.71 0.01 130.00 2.36
Existing Channet 2588 PF1 5181.20 5181.09 0.1 130.00 14.33
Existing Channael 2505 Culvert
Existing Channel 2421 PF 1 5163.48 5161.35 213 130.00 7.77
Existing Channel 2329.33" PF 1 5154.32 5153.39 0.93 8.24 0.00 130.00 9.11
Existing Channel 2237 86° PF 1 5345.68 5144.69 1.00 8.62 0.01 130.00; 8.99
Existing Channe! 2146 PF 1 5138.00 5138.88 0.1 130.00 14.33
Existing Channet 2099 Culvert
Existing Channet 2052 PF1 5132.04 5130.71 1.33] 130.00 8.50
Existing Channel 1965.16* PF1 5125.83 5124.96 0.87 6.02 0.05. 130.00 8.25
Existing Channel 1878.33* PF1 5119.77 5119.08 0.69 6.14 0.02 130.00 9.69
Extisting Channe! 1791.5* PF1 5113.60 5112.70 0.90 6.00 0.07 130.00 9.18
Existing Channel 1704.66 PFA1 5107.54 5106.87 0.67 8.15 0.03 130.00 8.76
|Existing Channel 1617.83° PF 1 5101.37 5100.44 0.83 2.64 .21 130.00 8.11
Existing Channel 1531 PF 1 50386.06 5085.80 0.25, 0.73 0.07 130.00 12.08
Existing Channet 1507 PF 1 5085.25 5094.32 0.93 0.65 0.25 130.00 .11
Existing Channel 1456 PF1 5087.40 5087.29 0.11 130.00 14.33
Existing Channel 1408 Culvert
Existing Channel 1360 PF1 5082.05 5081.09 0.96 130.00; 9.05
Existing Channel 1271.° PF1 5074.32 5073.43 0.89 7.73 0.00 130.00 9.20
Existing Channel 1182° PF 1 5066.59 5065.66 0.83 7.7 0.01 130.00, 9.12
Existing Channel 1083.* PF1 5058.86 5057.87 0.89 7.7 0.00 130.00 9.20
Existing Channel 1004." PF1 5081.14 5050.21 0.93 7.7 0.01 130.00 9.12
Existing Channe! 915" PF 1 5043.41 5042.52 0.88 7.73 0.00 130.00 8.21




HEC-RAS Pian: EX 1 River: Neffs Canyon Reach: Existing Channel Profile:

: PF 1 {Continued

)

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Fretn Loss C&ELoss Qlefl Q Channel Q Right Top Width
Y] () () (ft) {ft) {cfs) (cts) (cfs) (#)

Exisfing Channgl 826." PF 1 5035.68 5034.75 083 1.13 0.25 130.00 AN
Existing Channel 737 PF 1 5029.80 5028.79 0.1 130.00 14.33
Existing Channel 715 Culvert

|Existing Channet 692 PF 4 5025.74 5025.08 066 5.81 0.02 130.00 9.78
Existing Channal 602.4* PF 1 5018.92 5018.10 0.82 5.64 0.06 130.00 9.35
Existing Channet 512.8* PF 1 5014.23 5013.60 0.63 5.82 0.02 130.00 9.87
Existirig Channe! 423.2* PF 1 5008.38 5007,52 0.87 5.58 0.08 130.00 8.25
Existing Channal 3336° PF1 5002.72 5002.12 0.60 5.84 0.03 130.00 9.99
Existing Channel 244 PF 1 4396.85 499531 0.84 1.25 0.01 130.00 9.11
Existing Channel 230 PF1 4993.45 4988.15 5.26 297 0.43 130.00 6.65
Existing Channel 153.333° PF 1 43B3.58 49B82.65 0.83 16.22 1.30 130.00 9.11
Existing Channel 76.6666" PF 1 4976.82 4575.88 0.93 130.00 9.1
| Existing Channel 4 PF1 4970.06 4969.05 1.01 6.85 0.00 130.00 8.97
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APPENDIX D

COST ESTIMATES

TABLE OF CONTENTS
ITEM No. Of Pages
ALTERNATIVE CHANNEL ANALYSIS CONSTRUCTION COST ESTIMATE .. .. .... S 2
DEBRIS BASIN CONCEPTUAL EARTHWORK ESTIMATES & . o o oo i i i i it it e i et e e e 2
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SALT LAKE COUNTY

NEFFS CANYON

UPPER DEBRIS BASIN ALTERNATIVE (LOCATED IN WILDERNESS AREA)
EARTHWORK - CONCEPTUAL ESTIMATE May 2006

Cross Section

0
toe_West
Toe_East
FLB
Toe East
Toe West

0

TOTAL (FT3)
TOTAL (CY)

246.77

333.3
4194
4515
5114
561.1
707.8

AREA
CuT

0.0
876.3
3,711.8
3,094.5
2,350.1
8,059.2
0.0

AVG
AREA

438
2,294
3,403
2,722
5,205
4,030

DELTA
VOLUME

37,91
197,517
109,241
163,063
258,670
591,142

1,357,543
50,279 CUT

AREA
FILL

0.0
1,392.0
1,558.1

817.2
386.9
197.2
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NOTES TO USERS

This map is for use in adminisiering the Nafional Flood insurance Program, It
daes not necessarily idemtify all areas subjest to flooding, parficularly from local
drainage sourses of smafl size. The community map repository should be
consulted for possible updated or additional flood hazard information.

To obtain more detailed information in areas where Base Flood Elevation
{BFEs) and/or floodways have been determined, users are encouraged to consult
the Flood Profiles and Floodway Data tables contained within the Flood Insur-
ance Study (FIS) repart that accompanies this FIRM. Users should be aware that
BFEs shown on the FIRM represent rounded whole-foot elevations. These BFEs
are intended for flood insurance rating purposes only and should not be used
as the sole source of flood elevation information. Accordingly, flood elevation
data presented in the FIS should be utilized in conjunction with the FIRM for
purposes of construction and/or floodplain management.

Coastal Base Flood Elevation (BFEs) shown on this map apply only land-
ward of 0.0° North American Vertical Datum (NAVD}. Users of this FIRM
should be aware that coastal flood elevations may also be provided in the
Summary of Stillwater Elevations table in the Flood Insurance Study report for
this community. Elevations shown in the Summary of Stillwater Elevations table
should be used for construction, and/or floodplain management purposes when
they are higher than the elevations shown on this FIRM.

Boundaries of the floodways were computed at cross sections and interpolated
between cross sections. The floodways were based on hydraulic considerations
with regard to requirements of the National Flood Insurance Program. Floodway
widths and other pertinent floodway data are provided in the Flood Insurance
Study report for this jurisdictian.

Certain areas not in Special Flood Hazard Areas may be protected by flood
control structures. Refer to Section 2.4 "Flood Protection Measures” of
the Flood Insurance Study report for information on flood control structures
in this jurisdiction.

The projection used in the preparation of this map is Universal Tranverse
Mercator (UTM) zone 12. The haorizontal datum is NAD83, GRS1980
spheroid. Differences in datum, spheroid, projection or UTM zones used in
the production of FIRMs for adjacent jurisdictions may result in slight pasitional
differences in map features across jurisdiction boundaries. These differences
do not affect the accuracy of the FIRM.

Flood elevations on this map are referenced to the North American Vertical
Datum of 1988. These flood elevations must be compared to structure and
ground elevations referenced to the same vertical datum. For information
regarding conversion between the National Geodetic Vertical Datum of 1929
and the North American Vertical Datum of 1988, visit the National Geodetic
Survey website at www.ngs.noaa.gov or contact the National Geodeiic Survey
at the following address:

Spatial Reference System Division
National Geodetic Survey, NOAA
Siiver Spring Metro Center

1315 East-West Highway

Silver Spring, Maryland 20810
{301) 713-3242

Toobtain current elevation, description, and/orlocation information for bench marks
shown on this map, please contact the Information Services Branch of the
National Geodetic Survey at (301) 713-3242, or visit their website at
WWW.NQGS.N03a.Jov.

Base map information shown on this FIRM was provided in digital formatl by
the Sall L.ake County Planning Department.

Corporate limits shown on this map are based on the best data available
a1 the time of publication. Because changes due 1o annexations or de-annexations
may have occurred after this map was published, map users should comtact
appropriate community officials to verify current corporate limit jotations.

Please refer to the sepsrately printed Map Index for an overview map of the
county showing the layout of map panels; communily map repasitory addregses;
and a Listing of Communities table containing National Flood hsurance Program
dates for each community as well as a listing of the penels on which sach
community is located,

An accompanying Flood insurance Study repart, Letters of Map Revision or
Letters of Map Amandment reviging portions of this panel, and digital versions
of this PANEL may be available. Contact the FEMA Map Servite Cemter ot
the following phane numbers and internet address for infomation on all related
products available from FEMA,;

Phane: 800-358-9618
FAX: 800-368-8620
Attpuimsc.{ema. gov/

¥ you have guestions sbout this map or guestions concerning the National
Fiood Insurance Program in general, please call 1-877.FEMA-MAP (1-877-336-
2621 or visit the FEMA website at bitp://www . fema.govibusinassinfip/

This map retiects more detailed and up-to-daie stream channel configurations
than those shown on the previcus FIRM for this jurisdiction. The flaodplains
and flpodways that were transtferred from the provious FIRM may have been
ndiusted to sonform to these new stream channel configurations., As a
result, the Flopd Profiles and Floodway Data fables in the Flood insurance
Study report may reflect stream channegl distances that differ from what is
showr on this map.
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LEGEND

SPECIAL FLOOD HAZARD AREAS SUBJECT TO INUNDATION
BY THE 1% ANNUAL CHANCE FLOOD EVENT

The 1% annual chance flood {100-year flaod), also known as the bass flood, is the flood
that has a 1% chance of being egqualed or exceeded in any given year, The Special
Flood Hazard Area is the area subject to flooding by the 1% annual chance flood. Areas
of Special Flood Hazard include Zones A, AE, AH, AO, AR, A88, V, and VE. The Base
Flood Elevation is the water surface elevation of the 1% annual chance flood.

ZONE A No base fload elevations determined.
ZONE AE Base flood elevations determined.

ZONE AH Flood depths of 1 to 3 feet {usually areas of ponding); base flood
elevations determined.

ZONE AO Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain);
average depths determined. For areas of alluvial fan flooding, velocities
also determined.

ZONE AR Area of special flood hazard formerly protected from the 1%  annual
chance flood event by a flood control system that was subsequently
decertified. Zone AR indicates that the former flood control system is
being restored to provide protection from the 1% annual chance or
greater flood event.

ZONE A99 Area to be protected from 1% annual chance flood event by a Federal
flood protection system under construction; no base flcod elevations
determined.

ZONE V Coastal flood zone with velocity hazard (wave action); no base flood
elevations determined.

ZONE VE Coastal flood zone with velocity hazard {wave action); base flood elevations
determined.

FLOODWAY AREAS IN ZONE AE

The floodway is the channel of a stream plus any adjacent floodplain areas that must be
kept free of encroachment so that the 1% annual chance flood can be carried without
substantial inereases in flood heights.

OTHER FLOOD AREAS

Areas of 0.2% annual chance flood; areas of 1% annual chance flood
with average depths of less than 1 foot or with drainage areas less than
1 sguare mile; and areas protected by levees from 1% annual chance
flood.

| | OTHER AREAS

Areas determined to be outside the 0.2% annual chance floodplain.

Areas in which flood hazards are undetermined, but possible.

K COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

E\ 5\ OTHERWISE PROTECTED AREAS (OPAs)

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.

Floodplain boundary
Floodway boundary
Zone D boundary

CBRS and OPA boundary

Boundary dividing Special Flood Hazard Areas of different
Base Flood Elevations, flood depths or velocities.

Base Flood Elevation line and value; elevation in feet*
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efevation in feat™

*Beforenced to the North American Vertinst Datum of 1988
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MAY 18, 2002
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updated topographic  information, and 1o nocotporste  previously  issued  letters  of
map revision.
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NOTES TO USERS

This map is for use in administering the Nationa! Flood insurance Program. It
does not necessanly identify all areas subject o flooding, particularly from local
drainage sources of small size, The community map repository should be
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NEFFs CREEK DEBRIS BASIN STuDY

APPENDIX B - HYDROLOGIC ANALYSIS TM

BOWEN COLLINS & ASSOCIATES
MILLCREEK CITY



o BOWEN COLLINS
C)enssociaTes

TECHNICAL MEMORANDUM - O1
(DRAFT)

TO: John Miller, P.E.
City Engineer - Millcreek

COPIES: Dan Drumiler, P.E. - Millcreek
Stormwater Engineer

FROM: Cameron Jenkins, P.E. CFM
Craig Bagley, P.E. CFM
Bowen Collins & Associates

DATE: July 1, 2021
SUBJECT: Neffs Canyon Debris Basin Study Hydrologic Analysis
JOB NO.: 656-21-02

SECTION 1 - INTRODUCTION
1.1 INTRODUCTION AND PURPOSE

Millcreek, Utah contracted with Bowen Collins & Associates (BC&A) to study the feasibility of
constructing a debris basin or other protective measure at the mouth of Neffs Canyon with the goal
of eliminating the alluvial fan flood hazard that was recently developed by FEMA in this area. This
study has been completed in accordance with FEMA, Utah Dam Safety Guidelines, and Rule R655-11
requirements. The funding for this project was provided through a FEMA Pre-Disaster Mitigation
(PDM) grant. The principal objective of this study is to identify a feasible debris basin or other flood
control improvements that can mitigate the alluvial fan hazards on the Neffs Canyon alluvial fan and
to use the results and recommendations of this study to obtain future funding for construction of the
proposed alternative.

This technical memorandum (TM) is the first of several anticipated TMs that will be prepared for this
feasibility study. This TM documents the results of a detailed hydrologic analysis for the Neffs Canyon
drainage basin. The results of this hydrologic study will be used to identify channel capacity
deficiencies and to perform a debris/detention basin sizing analysis. Additional TMs will be prepared
in the future to evaluate alternative spillways, outlet works, and channel improvements. The project
location is shown on Figure 1 below.

1.2 BACKGROUND AND PREVIOUS STUDIES

Millcreek, Utah is located on the east side of Salt Lake County with Neffs Canyon being located on the
west face of the Wasatch Mountains. Millcreek has experienced flooding from Neffs Creek in the past
due to runoff from intense rainfall or snowmelt events as recently as May of 2019. In early May 2019,
a spring runoff event resulted in shallow flooding on a large area below the mouth of Neffs Canyon.
The flooding was caused by debris that accumulated on some logs that were placed across the main



NErFFs CANYON DEBRIS BASIN

Neffs Creek channel by hikers. The debris created a flow restriction that diverted water out of the
active main creek channel into an historic inactive channel. The inactive channel traverses behind
some homes and terminates along Zarahelmla Drive where there are no storm drains or flood control
facilities to collect and manage runoff from the natural watershed. The active Neffs Creek channel
runs through yards and under roads in the Mount Olympus neighborhood and discharges into a
storm drain that runs under [-15 and continues west through Holladay before discharging into Big
Cottonwood Creek. During the May 2019 event, there was shallow flooding in yards and streets. The
flooding was caused more by the diversion than by the peak discharge in the creek. The area where
water left the main channel is located on Federal Wilderness Area managed by the U.S. Forest Service,
thus it is difficult to access and maintain.

The area downstream of the mouth of the canyon is mostly built out or developed and the roads have
minimal amounts of curb and gutter or storm drain. Many homes also have down facing driveways.
Due to the lack of curb and gutter and the down facing driveways in the area, the roadways do not
have adequate storm water runoff conveyance capacity. Those homes and structures with down
facing driveways and those without curb and gutter are more susceptible to flooding, even from a
minor rainfall event.

1.1.1 2007 SALT LAKE COUNTY STUDY

In 2007, Salt Lake County commissioned the “Neffs Canyon Creek Master Plan” by Hansen Allen and
Luce (HAL). The purpose of that study was to develop conceptual mitigation options to help reduce
the flooding hazard in the area. A geotechnical, hydrological and hydraulic analysis was performed
as part of this study. The study concluded that the area sits on an alluvial fan and recommended that
a debris basin be constructed at the mouth of Neffs Canyon. The study also included a hydrologic
analysis for the purpose of evaluating conceptual flood control improvements. A 100-year discharge
estimate of 300 cfs was developed for a point at the mouth of the Neffs Canyon. The amount of
potential debris, debris basin sizing, and channel improvements were also estimated.

1.1.22016 FEMA STUDY

In 2016, JE FULLER performed the Neffs Creek Flood Hazard Assessment for FEMA and developed
alluvial fan floodplain mapping (see Figure 1) using a 2D model with the discharges developed in the
2007 HAL study. Those maps are set to become effective later this year and impact a large number of
structures in Millcreek.
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NErFFs CANYON DEBRIS BASIN

1.3 EXISTING DATA

The hydrologic analysis of the of the Neffs Canyon Project utilized the data sources presented
in Table 1.

Table 1 Study Data Sources
Data Source Description
Utah Automated
LiDAR Geographic Reference
Center, (AGRC) 2013

1-meter resolution bare-earth digital terrain
model (DTM) data set of Wasatch Front.

Aerial imagery was used for the background
of the figures and drawings and to determine
existing land uses for hydrologic models

Soil Survey Geographic Database (SSURGO)
Soil Data NRCS Web Soil Survey | mapping data used to determine Hydrologic
soil type for hydrologic models

Hydrologic analysis of spillway, and as-builts
of inlet structures and spillways. Used to
evaluate the capacity of the channel and
structures.

The National Land Cover Database (NLCD)
provides nationwide data on land cover and
Land Cover Type NLCD 2016 land cover change at a 30m resolution with a
16-class legend based on a modified
Anderson Level Il classification system.

For this report the elevations are based on

Hexagon 30cm, via Utah

Aerial Imagery AGRC. 2021

Hydrologic Analysis Utah Dam Safety

Elevation Datum NAVD 88 NAVD 88.
Reports used to gather relevant information
Previous Studies Millereek of the Neffs Canyon Drainage area: 2007 Salt
and Reports Lake County Study, 2016 FEMA Study, and
the 2020 CRS Study.
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SECTION 2 - HYDROLOGY

2.1 INTRODUCTION/OVERVIEW

In accordance with Utah Dam Safety Guidelines and Rule R655-11 of the Utah Administrative Code
and FEMA guidelines, BC&A developed detailed hydrologic computer models of the Neffs Canyon
drainage area for use in evaluating alternatives with various debris basin sizes, spillway discharges,
and other mitigation options. The analyses include developing several critical storm hyetographs,
routing computed runoff hydrographs through potential detention or flood retarding facilities, and
computing the Inflow Design Flood (IDF) for the project. The model was developed using the
Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS) computer software. The
development of the various parameters and elements of the model is discussed in detail in the
sections that follow.

In 2007, a Salt Lake County study was completed and used as part of the 2016 FEMA study to update
the floodplain mapping for the Neffs Creek alluvial fan. The results and findings of that analysis are
referenced in this section to provide a basis of methodologies, and for comparison of results and
assumptions.

2.2 WATERSHED CHARACTERISTICS

The Neffs Canyon drainage area at the canyon mouth contains about 2,300 acres (3.7 square miles),
with an average basin elevation of 7,800 ft and an average basin slope of 60.5 percent based on the
USGS StreamStats website. The ground cover in Neffs Canyon Watershed is mainly composed of
Juniper, Oak-Aspen, and herbaceous vegetation. The drainage area is also almost entirely comprised
of public land managed by US Forest Service land (see Figure 1) and has two different flow paths. The
current Neffs Creek channel appears to be manmade up on the hillside. The original channel is located
at the topographic low point of the canyon which conveys runoff from any flow breakouts from the
current active main channel to Zarahemla Drive where the channel terminates.

2.2.1 SUBBASIN BOUNDARIES

Utilizing the data sources listed in Table 1, along with field investigation, watershed characteristics,
and reviewing the 2007 County study, it was determined a single subbasin would be appropriate for
this analysis. The subbasin boundary is shown on Figure 2.

2.3 STORM EVENTS

If a debris basin is constructed at the mouth of Neffs Canyon it will likely include a dam embankment
to impound water and debris. Due to its proximity to homes and development, such a dam would
likely be classified as a High Hazard Dam by the Utah State Engineer and would have to be designed
to meet minimum State dam safety criteria. Per Utah Dam Safety and Rule R655-11 (requirements
for the design, construction and abandonment of dams), two theoretical probable maximum
precipitation (PMP) events must be evaluated: a 6-hr local storm and a 72-hr general storm (see
Section 2.4 for more information).

Additionally, the standard FEMA 10- to 500-year events based on a 6-hr storm were also simulated
so that impacts to the FEMA flood hazards could be evaluated. A 6-hr storm event was chosen as the
FEMA design flood event to be consistent with other recently studied creeks by the County and FEMA
for FEMA floodplain mapping. It should be noted that the effective discharge for nearby creeks (Mill
Creek, Big Cottonwood Creek, and Little Cottonwood Creek) are based on 3-hr storm events.

In total, 11 storm events (see Table 2) with various durations and rainfall temporal distributions
were evaluated to meet various FEMA and Utah Dam Safety regulations associated with the design
and construction of dams and flood control facilities.

BOWEN COLLINS & ASSOCIATES
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NErFFs CANYON DEBRIS BASIN

Table 2 Summary of Critical Storm Precipitation Inputs

6-Hour Storms 24-Hour Storms
Local PMP (AMC II) 9 100-year (AMC III))
Local SEP (AMC II) 72-Hour Storms
10-year (AMCII) 10 General PMP (AMC II)
25-year (AMCII) 11 General SEP (AMC II)

50-year (AMCII)
100-year (AMCII)
100-year (AMC III)
500-year (AMCII)

DI [UT D |WIN |-

2.4 PRECIPITATION
2.4.1 STANDARD STORMS

Design storm depths, except for the PMP, were retrieved from the NOAA Precipitation Frequency
Data Server (PFDS) which reports total storm depths for a specific geographic location based on
NOAA Atlas 14 for various event durations and recurrence intervals. For the purposes of this project,
a single large storm occurring over the basin at the same time was considered. The extent of the
considered design storm was approximated by the elliptical area shown on Figure 3 which has an
area of 7.8 square miles. Storm depths were obtained from the NOAA precipitation grid data with the
mean value for the watershed. Mean storm depth estimates for recurrence intervals from 10- to 500-
years for the 6-hr event and 100- to 500-years for the 24-hr event are provided in Table 3.

2.4.1.1 AREAL REDUCTION

The NOAA Atlas 2 (1973) recommends a storm-centered areal reduction (ARF) of 0 to 15 percent for
6-hour storm cells ranging from 0 to 100 square miles in area. These factors, however, are based on
data from thunderstorms in the Midwest, rather than those typical to the Salt Lake Valley. The results
of a more locally pertinent depth-area precipitation analysis were taken from the Salt Lake City
Hydrology Manual (1983). This method was used in this study to be consistent with the 2007 County
Study and other recent FEMA studies in the county. The manual recommends the following
precipitation depth-area relationship for a thunderstorm, with area in square miles:

6-hr Reduction Factor = 0.01*(100 - 3.5*Area”0.46) Ea 2.1
1-day Reduction Factor = 0.01*(100 - 2.0*Area”0.46) Eq2.2

This relationship is based on data from Project Cloudburst, a study completed by the U.S. Army Corps
of Engineers in April 1979. This study involved collection of data from a network of rain gages in Salt
Lake City and vicinity covering an area of roughly 350 square miles. The storm cell over the
watershed is approximately 7.8 square miles which would have a ARF of 0.91 for the 6-hr storm and
0.95 for the 24-hr storm.

2.4.1.2 SEASONAL REDUCTION

Rainfall Depths in NOAA Atlas 14 include all precipitation events, including snow which does not
typically generate immediate runoff. In order to better estimate a rain precipitation event, an
additional seasonal adjustment was made to the areal adjusted depths. NOAA Atlas 2 (which was
superseded by Atlas 14) includes separate point precipitation estimates for annual data and for a
subset of seasonal data occurring between the months of May and October.

BOWEN COLLINS & ASSOCIATES
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NErFFs CANYON DEBRIS BASIN

For each storm recurrence interval, the ratio of the NOAA Atlas 2 seasonal depth to the annual depth
was computed and used to convert the Atlas 14 derived, areal adjusted depths to a final estimated
rainfall depth. The seasonal adjustment ratio and final adjusted rainfall depths are provided in Table
3. Calculations to determine the seasonal adjustment factor are provided in Appendix B.

Table 3 Standard Storm Depths

Recurrence Interval (year)
Description 6 hr 24 hr
10 25 50 | 100 500 100
NOAA Atlas 14 Mean Depth (in) 1.68 | 2.01 | 5.29 | 2.60 | 3.70 4.07
Areal Adjusted Depth (in) 1.53 1.83 | 2.08 | 237 | 3.37 3.86
Seasonal Adjustment (%) 89 90 91 92 94 94
Final Adjusted Design Depth (in) | 1.36 | 1.65 | 1.90 | 2.18 | 3.16 3.63

2.4.2 PMP AND SEP

The PMP precipitation for the local 6-hr and general 72-hr storm depths along with their
distributions are normally obtained by following the procedures from the Hydrometeorological
Report 49 (HMR49) which covers the Colorado River and Great Basin Drainages and includes Utah
and surrounding areas. The State of Utah has published two additional studies that slightly modify
those values. These two studies are titled “Probable Maximum Precipitation Estimates for Short-
Duration, Small-Area Storms in Utah” (USUS) and “2002 Update for Probable Maximum Precipitation,
Utah, 72-Hour Estimates, Area to 5,000 mi®” (USUL). The precipitation values developed from
HMRA49 and supplemented by USUS or USUL, are referred to as local and general Spillway Evaluation
Precipitation (SEP) values and include an areal reduction. The developed PMP and SEP values for the
6 hour and 72 hour general and local storms are shown in Table 4. Once the critical SEP has been
determined, it will be compared to the 100-year, 6-hr (for local storms) or the 100-year, 24hr (for
general storm).

Table 4 PMP and SEP Storm Precipitation Depths

. Precipitation Depth (inches)
Storm Duration PMP! SEPZ
6-hr3 8.6 8.0
72-hr 16.26 16.21

Notes:
1. The precipitation depths were generated using HMR49 only.
2. The precipitation depths were generated using HMR49 along with USUL (72HR) and USUS (6 HR).

2.4.3 DESIGN STORM DISTRIBUTION

The selected design storm distribution for the standard 6-hr storms were based on the Quartile 2, 50
Percentile Convective Storm Pattern found in the NOAA Atlas 14 Semi-Arid Region documents. The
6-hr local storm and 72-hr general storm were developed using the methods identified in HMR49
and State of Utah standards. These unit rainfall distributions were used with the storm depths
adjusted for area and seasonality as described above and provided in Appendix B.

BOWEN COLLINS & ASSOCIATES
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2.5 PARAMETER ESTIMATION
2.5.1 CURVE NUMBER

Runoff Curve Numbers (CN) were estimated for each sub-basin based on soil type and land
use/vegetative cover. Hydrologic soil group (HSG) maps were obtained from the NRCS Soil Survey
Geographic (SSURGO) dataset and are shown on Figure 4.

Land use or vegetative cover was determined by inspection of aerial imagery, conducting field
observations and using the USGS National Land Cover Dataset (NLCD) mapping data. Land use
descriptions from the NLCD data were related to similar land cover descriptions in TR-55. A map of
land uses and vegetative cover present within the study area are shown on Figure 5.

Using GIS software, composite CNs representing the sub-basin was calculated on a weighted area
basis. The CNs used for hydrologic soil-cover complexes were based on information from TR-55 and
are summarized in Table 5. The initial calculated composite curve number for the sub-basin in the
study area is provided in Table 6 with the calculations shown in Appendix B.

Table 5 Curve Numbers for Hydrologic Soil-Cover Complexes

Hydrologic Soil Group

Land Use/Vegetative Cover

A B C D
Deciduous Forest, Oak-Aspen (Fair) 48 48 57 63
Evergreen Forest, Juniper (Fair). 58 58 73 80
Grassland/Herbaceous, Sagebrush (Fair) 51 51 63 70
Mixed Forest, Juniper (Poor) 75 75 85 89
Shrub/Scrub, Oak-Aspen (Poor) 66 66 74 79

2.5.2 ESTIMATE OF INITIAL ABSTRACTION

Initial abstraction is the fraction of the storm depth after which runoff begins and is governed by the
following equation:

I, =0.28 Eq 2.3
Where
I, = Initial abstraction (in.)
S = potential maximum soil moisture retention (in.)

This relationship is based on empirical relationships between infiltration, surface depression
storage, interception and evapotranspiration. The potential maximum soil moisture retention, S, is
related to CN (NRCS 2004) and can be estimated using the following equation:

S = N 10 Eq 2.4

The preceding equations were used to compute the starting initial abstraction value shown in Table
6.

BOWEN COLLINS & ASSOCIATES
MILLCREEK 10



LEGEND

[ Watershed Boundry
Hydrologic Soil Group

B
I C
b

i| HYDROLOGIC SOIL GROUPS

MILLCREEK

NEFFS CANYON DEBRIS BASIN

FIGURE NO.

~ BOWEN COLLINS 4

PiMdlcreek (City 1856-21-02 Nefis Canyon Debns Basin Study'4.0 GIS'.4 APRX\NefisCanyonl ! Zanyonlk Basin - Figures.aprx ehopkins 7/1/2021




P:\Millcreek (City)\656-21-02 Neffs Canyon Debris Basin Study\4.0 GIS'\4.4 APRX\NeffsCanyonDebrisBasin\NeffsCanyonDebrisBasin - Figures.aprx ehopkins 7/1/2021

LEGEND
=1 Watershed Boundry
Land Use/TR-55 Categories
[ Decidious Forest,Oak-Aspen (Fair)
[T Evergreen Forest,Juniper (Fair)
[ Grassland/Herbaceous,Sagebrush (Fair)
[1 Mixed Forest,Juniper (Poor)
[ Shrub/Scrub,0ak-Aspen (Fair)
[1Shrub/Scrub,0ak-Aspen (Poor)

0 1,000 2,000

E Feet

LAND COVER
CLASSIFICATION TYPE

MILLCREEK

NEFFS CANYON DEBRIS BASIN

FIGURE NO.

BOWEN COLLINS 5




NErFFs CANYON DEBRIS BASIN

2.5.3 TRANSFORM METHOD

As was done in the 2007 County study, the lag time was calculated using the regression equation
from the M.] Simas and R.H. Hawskins “Lag Time Characteristics for Small Watersheds in the U.S.”
study. This method requires the basin area, slope, and curve number characteristics:

Toq = -0051 x width®** x slope™'® x S, ,;°"°

lag —

where

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

nat —

The flow length was estimated using GIS computer tools and the elevations were taken from the
digital terrain model. The basin characteristics and resulting lag time for the single subbasin are
provided in Table 6

Table 6 Summary of Initial Sub-basin Hydrologic Parameters

Drainage Area Watershed | Max Elev | Min Elev Composite I:ag Imtlal.
Sa. ft Sa. mi Lensth (ft) (ft) Curve Time | Abstraction
9 q- mi. 8t Number (min) (inches)
102,310,000 3.7 17,500 9675 5634 66 110 1.0
2.6 CALIBRATION

2.6.1 FLOOD FREQENCY ANALYSIS

A flood frequency analysis is the preferred method for estimating the magnitude and return
frequency of peak flows from gaged watersheds, however, no gage is present in Neffs Canyon. There
are a few stream gages in other nearby watersheds that can provide insight on reasonable ranges for
discharge. In 2020 CRS Engineers performed a study to analyze the discharge in Neffs Creek and some
nearby gages were selected to run a Bulletin 17C statistical flood frequency analysis. Although the
areas for the peak discharges of the three gages shown in Table 7 are larger than Neffs Creek (3.67
square miles), they provide insight on what range of values we can expect for Neffs Creek.
Additionally in 2007, BC&A did a study for Alpine City using Bulletin 17B for the multiple stream
gages throughout the Wasatch Front including the three by CRS. The results from the 2007 BC&A
study are graphically shown in Figure 6 below and were updated to include the CRS study results.

2.6.2 REGRESSION ANALYSIS

The USGS has developed regional regression equations for estimating peak discharge rates in un-
gaged watersheds throughout Utah. The regression equations are based on flood frequency analyses
conducted on gaged watersheds throughout the state. The USGS published equations in 1994 under
the National Flood Frequency program (NFF) and again in 2008 under the National Streamflow
Statistics program (NSS). Both the NFF (Region 4) and NSS (Region 2) equations were applied to the
study drainage basin for the 100-year event and NSS (Region 2) for the 500-year event. A drainage
area of 3.67 square miles and an elevation of 7,800 was used in the equations. A summary of the
regression equation estimates for the flood events are provided in Table 8 and graphically shown on
Figure 6. The NSS equations were also applied to the same creeks with stream gages for comparison
purposes and is shown in Table 9.

BOWEN COLLINS & ASSOCIATES
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Table 7 Nearby Stream Gage Statistical Analysis Peak Flows (CRS 2020)

100-year Low High
Stream Location Wa;iresahed Years of Peak Confidence Confidence
Name (mi2) Record Discharge | Limit (0.16) | Limit (0.84)
(cfs) (cfs) (cfs)
Canyon 1899-
Mill Creek y 21.7 Curent (107 150 134 171
Mouth
Peaks)
Emigration Canyon 1902-
5 y 18.4 Current (92 160 135 202
Creek Mouth
Peaks)
Red Butte
Red Butte | p.cervoir, 7.25 1964-2019 114 90 157
Creek (56 Peaks)
Fort Douglas
Table 8 Regression Analysis Peak Runoff Rates
100-year Low High
. Mean .
Drainage . Peak Confidence | Confidence
Event Method Basin | . .. ..
Area Elev Discharge Limit Limit
) (cfs) (0.16) (cfs) | (0.84) (cfs)
10-year NSS 55 29 84
25-year NSS 70 36 106
50-year NSS 91 46 137
100-year NSS 3.67 7,800 107 54 161
500-year NSS 156 81 237
100-year NFF 154 82 236

2.6.3 CALIBRATION TO PREVIOUS STUDIES

Another option of calibration or reasonableness check in absence of stream gage data is to use results
from previous studies. The most recent hydrology study completed on Neffs Creek is the 2007 study
for the County as discussed previously. This study utilized a 24-hr 100-year storm event to estimate
a 100-year peak discharge of 300 cfs at the mouth of the canyon.

In speaking with the engineer who performed that hydrology study, the purpose of that study was to
develop a conceptual design for a debris basin and the 100-year design storm was considered to be
conservative. They felt that the computed peak flows were high and tried multiple methods to reduce
the discharge. In addition, they did not perform any model calibration work to determine if the
computed model discharges were reasonable based on flood frequency study results on nearby
watersheds. After reviewing the hydrologic methodology used in the 2007 study, completing an
analysis of nearby stream gages and regression discharges, BC&A came to the same conclusion as the
2020 CRS study, which is: that following FEMA guidance on hydrology, the 100-year peak flood
estimate of 300 cfs developed in the 2007 County study is outside one standard deviation of the mean
regression peak discharge and may be considered unreasonable as shown in Table 9.

BOWEN COLLINS & ASSOCIATES

MILLCREEK 14



NErFFs CANYON DEBRIS BASIN

Table 9 Flood Frequency Analysis and Regression Analysis Peak Runoff Rates
for the 100-year Runoff Event (Taken from CRS 2020 Study)

Stream Location Watershed Method Years of 100-year Peak Low High
Name Area Record Discharge Confidence Confidence
{mi2) (cls) Limit (0.14) Limit (0.84)
(cts) (cfs)
Rainfall Runoff ' .
Neffs Creek Canyon Mouth 472 MN/A 300 Undetermined | Undetermined
[HAL Study)
Regression
Neffs Creek Canyon Mouth .67 Equations M A 107 54 141
[StreamStats)
srear Gage 1899 — Cument
Mil Creek | Canyon Mouth 21.7 1 a9 (107 Record 150 134 171
Bulletin 17C
Peaks)
Regression
Mill Creek Canyon Mouth 21.7 Equations [USGS 63 143 73 214
SIR 2007-5158)
Emnigration Stream Gage 1902 - Current
I =
3 Canyen Mouth 18.4 109 (92 Record 160 135 202
Creek Bulletin 17C
Peaks)
. . Regression
E fi 132
mc'?;zkon Canyen Mouth 18.4 Equations [USGS 57 3 66 198
SIR 2007-5158)
Red Butte 1964 2019
Red Butte Reservoir, Fort 7.25 Stream Goge (56 Record 114 90 157
Creek Bulletin 17C
Douglas Peaks)
Red Butte Regression
t
Reé::;e Reservoir, Fort 7.25 Equations (USGS ) 113 57 170
Douglas SIR 2007-5158)
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2.6.4 CALIBRATION RESULTS

Due to the lack of historic stream gage records on the creek, discharge computed using the USGS
regression equations were used to help calibrate the hydrologic model. The hydrologic parameters
CN, Initial Abstraction, and Lag Time were adjusted until the computed peak discharge was within at
least one standard deviation of the regression equation discharge estimate. The CN parameter is
intended to simulate the runoff potential for a given area and is somewhat subjective. During the
calibration process it was determined that each event from the 10-year to the 500-year would need
to be calibrated separately to obtain the desired results.

For the 100-year event and less, the initial composite CN value shown in Table 6 was reduced by 3%
to 64. For the 500-year event, the CN value was reduced by 10% to 60. The Initial Abstraction was
initially calculated to be 1.1 using the standard equation for each event. 1.1 was determined to be an
appropriate value for the 100-year event. Storm return periods less than the 100-year used a lower
initial abstraction value, while the 500-year event used a higher value. The final calibrated hydrologic
parameters are provided in Table 10 along with the rainfall runoff discharges and a comparison to
the USGS regression equations.

The final calibrated hydrologic parameters resulted in rainfall runoff discharges for the 100-year
event and less that were very close to the USGS regression equation discharges. The 500-year event
discharge is at the upper end of the one error standard deviation which is within FEMA’s
requirements. Further calibration to fit the results of the regression equation more closely would
require the use of unreasonable CN or initial abstraction values. BC&A feels that the higher 500-year
discharge would also be conservative for the design of the debris basin or other alternatives.

For this study, the PMP and SEP hydrologic scenarios used the 500-year calibrated CN parameters as
they represented the best calibration for larger events.

Table 10 Summary of Final Calibrated Sub-basin Hydrologic Parameters

- ‘s Rainfall- NSS Low High
Composite Initial . .
. Runoff Discharge | Confidence | Confidence
Event Curve Abstraction . .. ..
Number (inches) Discharge (cfs) Limit (0.16) | Limit (0.84)
(cfs) (cfs) (cfs)
10-year 64 0.7 45 55 29 84
25-year 64 0.8 71 70 36 106
50-year 64 0.9 96 91 46 137
100-year 64 1.1 107 107 54 161
500-year 60 1.4 228 156 81 237

Note: The PMP and SEP scenarios will use the 500-year calibrated parameters
2.7 AMCIII

As part of the Utah Dam Safety requirements for dams, a saturated soil condition (AMCIII) is required
for the selected 100-year scenario (6-hr or 24-hr) to help size the spillway. To account for changes
due to soil moisture, the NRCS provides a table for converting AMC I Curve Numbers to AMC III Curve
Numbers. Using this conversion table, the composite 100-year AMC III CN for the entire drainage
basin is 81. As no other events require the AMCIII, the conversions are not included.

BOWEN COLLINS & ASSOCIATES
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2.8 SNOWMELT

Historical snowmelt peak flows are not available for Neffs Canyon. The 2007 study for the County
used regression equations developed by Gingery and Associates (see 2007 study) and provided the
snowmelt flow rates shown in Table 11. It should be noted that Mill Creek and other large creeks in
the area generally have peak discharges based on spring runoff from snow melt.

Table 11 Estimated Snow Melt Flow Rates

Predicted Snowmelt Flow Rates (cfs)
Location
10-year 50-year 100-year
Mouth of Canyon 50 70 75

2.9 HYDROLOGY RESULTS AND RECCOMENDATIONS
2.9.1 RESULTS

An HEC-HMS model was developed for the 3.67 square mile Neffs Canyon Watershed based on the
parameters and inputs discussed above. Table 12 provides a summary of the peak discharges at the
canyon mouth and Figure 7 shows the hydrographs. The results show that the 100-year peak
discharge of 107 cfs is less than the 300 cfs from the 2007 County study which had a higher CN value
and higher precipitation depth based on a ARF with a smaller area. The area is very sensitive to the
CN value with even small changes to CN making large changes to discharge. The results also show
that if a debris basin is constructed at the mouth of Neffs Canyon, it may have to pass over 2,500 cfs
over the spillway to meet Dam Safety requirements.

Table 12 Existing Conditions Model Peak Discharge Summary

Storm Event Peak Discharge(cfs)
06hr_10yr_NOAA_AMCII 45
06hr_25yr NOAA_AMCII 71
06hr_50yr_ NOAA_AMCII 96

06hr_100yr NOAA_AMCII 107
06hr_100yr_NOAA_AMCIII 445
06hr_500yr_NOAA_AMCII 228
24hr_100yr_NOAA_AMCII 207
24hr_100yr_NOAA_AMCIII 453
06hr_PMP_Local_Storm 2,898
06hr_SEF_Local_Storm 2,542
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Figure 7. Runoff hydrographs for Neffs Creek.
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2.9.2 CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study is to evaluate the feasibility of a debris/detention basin to mitigate the
alluvial fan hazard downstream of the canyon mouth. Based on the results from the updated detailed
hydrologic analysis, the following conclusions and recommendations can be made:

1.

The 100-year flood estimate of 300 cfs for Neffs Canyon is overly conservative. For the purposes
of this study and for design of downstream flood control facilities, a 100-year peak discharge of
107 cfs should be used.

Continue with the evaluation of a potential debris basin and channel improvements as 1) the
downstream channel does not have capacity for 107 cfs and 2) breakout flows are still possible
out of the main channel and into the original flowpath.

The sediment/debris volume estimate developed in the 2007 Salt Lake County study should be
updated in the next phase of the project. That updated estimate should be used in evaluating the
size of any debris/detention basin.

Evaluate other possible flood control improvement alternatives such as a diversion berm or
channel to direct Neffs Creek runoff from the historic channel to the existing active channel or
from the existing active channel to the historic channel. Based on field observations and capacity
estimates of the existing channel, it appears that it would also be prudent to construct an inlet
and pipeline that will safely convey the 100-year flood of 107 cfs through the developed area.
The new pipeline would be constructed in existing city streets.

Analyze the hydraulics downstream of the canyon mouth using the existing 2D model and
updated 100-year runoff hydrograph to determine if the revised 100-year flood would result in
any significant changes in flood depths extent as defined on the new FEMA flood hazard map.
That analysis could be funded by the Unified Fire Authority who are interested in pursuing a
Conditional Letter of Map Revision to revise the alluvial fan hazard so they can remodel an
existing fire station.

Begin coordinating with the U.S. Forest Service, as some of these potential improvements would
need to be constructed on land they manage, requiring adherence to their rules and policies.

If the updated floodplain analysis results in significant reductions to the flood hazard defined by
the current preliminary FEMA floodplain map, consider submitting a hydrology-based CLOMR
to determine if FEMA will accept the lower discharge to update the flood hazard map.

Continue coordination with Salt Lake County, the Utah State Engineer’s office, and the State
Department of Emergency Management regarding proposed changes to the design hydrology
and potential changes to the alluvial fan flood hazard maps for the area.
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JOB TITLE Neffs Canyon Debris Basin
CALC. BY Cameron Jenkins DATE 06/30/21
CHECK BY DATE

SUBJECT: 6-Hr NOAA Distribution (2nd Quartile - 50% Probability)

I:|= cell requiring user input

Areal Reduction Factor (ARF)
Basin Area
= ARF
(mi?)
0.91
. NOAA Atlas 14 Rainfall Depth (inches)
Storm Duration -
Return Period
Days Hrs Mins 1-yr 2-yr 5-yr 10-yr | 25-yr | 50-yr | 100-yr | 500-yr
6 0.00 0.00 0.00 1.68 2.01 2.29 2.60 3.70
ARF Adjusted Depths 0.00 0.00 0.00 1.53 1.83 2.08 2.37 3.37
Seasonal Adjusted Depths 0.00 0.00 0.00 1.36 1.65 1.90 2.18 3.16
30 min Interval Unit Rainfall Design Rainfall Distribution (Cumulative inches)
Start End (inches) 1-yr 2-yr 5-yr 10-yr | 25-yr | 50-yr | 100-yr | 500-yr
- 0:00 0.0000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 0.000
0:00 0:30 0.0480 0.000 | 0.000 [ 0.000 [ 0.065 | 0.079 | 0.091 | 0.104 0.152
0:30 1:00 0.1240 0.000 | 0.000 | 0.000 | 0.169 | 0.204 | 0.235 | 0.270 0.392
1:00 1:30 0.2480 0.000 | 0.000 | 0.000 | 0.337 | 0.408 | 0.470 | 0.540 0.785
1:30 2:00 0.3960 0.000 | 0.000 | 0.000 | 0.539 | 0.652 | 0.751 | 0.862 1.253
2:00 2:30 0.5580 0.000 | 0.000 [ 0.000 [ 0.759 | 0.919 | 1.058 | 1.215 1.766
2:30 3:00 0.7100 0.000 | 0.000 | 0.000 | 0.966 | 1.169 | 1.346 | 1.545 2.247
3:00 3:30 0.8130 0.000 | 0.000 | 0.000 | 1.106 | 1.338 | 1.542 | 1.770 2.573
3:30 4:00 0.8800 0.000 | 0.000 | 0.000 | 1.197 | 1.449 | 1.669 | 1.915 2.785
4:00 4:30 0.9270 0.000 | 0.000 | 0.000 | 1.261 | 1.526 | 1.758 | 2.018 2.934
4:30 5:00 0.9610 0.000 | 0.000 | 0.000 | 1.308 | 1.582 | 1.822 | 2.092 3.041
5:00 5:30 0.9840 0.000 | 0.000 [ 0.000 | 1.339 | 1.620 | 1.866 | 2.142 3.114
5:30 6:00 1.0000 0.000 | 0.000 | 0.000 | 1.361 | 1.646 | 1.896 | 2.177 3.165
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JOB TITLE Neffs Canyon Debris Basin
CALC. BY Cameron Jenkins DATE 06/30/21

CHECK BY DATE

SUBJECT: 24-Hr NOAA Distribution (2nd Quartile - 50% Probability)

|:|= cell requiring user input

Areal Reduction Factor (ARF)
Basin Area
= ARF
(mi?)
0.95
. NOAA Atlas 14 Rainfall Depth (inches)
Storm Duration -
Return Period
Days Hrs Mins 1-yr 2-yr 5-yr 10-yr | 25-yr | 50-yr 100-yr
24 0.00 0.00 0.00 0.00 0.00 0.00 4.07
ARF Adjusted Depths 0.00 0.00 0.00 0.00 0.00 0.00 3.86
Seasonal Adjusted Depths 0.00 0.00 0.00 0.00 0.00 0.00 3.63
120 min Interval Unit Rainfall Design Rainfall Distribution (Cumulative inches)
Start End (inches) 1-yr 2-yr 5-yr 10-yr | 25-yr | 50-yr 100-yr
- 0:00 0.0000 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 0.000
0:00 2:00 0.0680 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 0.247
2:00 4:00 0.1460 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 0.530
4:00 6:00 0.2570 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 0.933
6:00 8:00 0.4170 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 1.513
8:00 10:00 0.6010 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 2.181
10:00 12:00 0.7530 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 2.733
12:00 14:00 0.8520 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.092
14:00 16:00 0.9140 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.317
16:00 18:00 0.9570 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.473
18:00 20:00 0.9860 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.578
20:00 22:00 0.9980 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.622
22:00 0:00 1.0000 0.000 [ 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 3.629
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JOB TITLE Neffs Canyon Debris Basin

CALC. BY Cameron Jenkins

DATE 06/30/21

CHECK BY

DATE

SUBJECT: General and Local Storm Distributions

PMP/SEF Storm Distributions
Updated: December 11, 2018

72-HR General Storm

6-HR Local Storm

Depth = 16.21]in Depth = 7.99]in

Rainfall Depth (in) Rainfall Depth (in)
Time (hr) |Incremental [Cumulative Time (hr) |Incremental [Cumulative

0 0.00 0.00 0.00 0.000 0.00
6 0.37 0.37 0.25 0.017 0.02
12 0.74 1.11 0.50 0.017 0.03
18 0.92 2.03 0.75 0.017 0.05
24 1.48 3.51 1.00 0.017 0.07
30 2.58 6.09 1.25 0.037 0.11
36 4.77 10.86 1.50 0.037 0.14
42 1.65 12.52 1.75 0.037 0.18
48 1.11 13.62 2.00 0.037 0.22
54 0.92 14.55 2.25 3.475 3.69
60 0.74 15.29 2.50 1.668 5.36
66 0.55 15.84 2.75 1.112 6.47
72 0.37 16.21 3.00 0.695 7.17
3.25 0.172 7.34
3.50 0.172 7.51
3.75 0.172 7.68
4.00 0.172 7.85
4.25 0.026 7.88
4.50 0.026 7.91
4.75 0.026 7.93
5.00 0.026 7.96
5.25 0.009 7.97
5.50 0.009 7.98
5.75 0.009 7.98
6.00 0.009 7.99




JOB TITLE Neffs Canyon Debris Basin

To be consistent with the 2007 County Study and other recent CALC. BY Cameron Jenkins DATE 06/30/21
studies for FEMA in the county, this method was used even CHECK BY DATE
though it is longer than a 3 hour storm. SUBJECT: Areal Reduction Factor (Salt Lake City - Project Cloudburst Derived)

|:|= cell requiring user input

. Area Storm Duration
Basin Name = - - - -
(mi) 5-min | 10-min | 15-min | 30-min | 60-min | 2-hr 3-hr
Equation variable 18.5 14.2 12.0 9.2 7.0 5.3 4.5
Storm over the Entire Area 7.8 0.52 0.63 0.69 0.76 0.82 0.86 0.88

Note: These equations should not be used for Storms with durations longer than 3 hours. See excerpts from the Salt Lake City Hydrology Manual Below
Area based on ellipse over watershed

2.6 Areal Reduction Faciors (ARF)

Point precipitation gage statistics are only representative of areas of a few hundred acres.
The distance for significant correlation between point gage measurements is
characteristically a few miles for short-duration precipitation (less than one hour) and up to
a few hundred miles for long-duration precipitation. Relationships for correcting point
gage intensity to mean areal intensity have been developed from analyses of storm
precipitation from closely spaced gage networks in Illinois, Northeast U.S., Arizona, New
Mexico and Southern California (ref. 5, 12, 13, 14, 15, 21, 22, 23, 27, 30, 40, 42).

The U.S. Army Corps of Engineers made a special study of cloudbursts in the Salt Lake
County area in 1970-1975 (ref. 30, 31). Their ARF's are similar to those determined for
cloudbursts in Southern California and Arizona. The factors developed from the USCOE
analysis of Salt Lake cloudbursts are used in the preprocessor for durations up to three
hours. For durations over three hours, the NOAA Atlas values are used.

The maximum peak discharge at any given concentration point will normally be computed
by entering the total drainage area in the preprocessor.  For most studies, a single
downstream concentration point will give adequate peak discharge definition for all the
concentration points upstream in the model. As the size of the drainage area increases (for
values over approximately 100 acres) other concentration points may be necessary. The
HEC-1 model should be run for a few selected areas, and peak flows interpolated by
drainage area for intermediate points. ARF equations are listed below and illustrated in

Table 2:
5-min: L01%(100-18.5*Area™.46)
10-min: L01#(100-14.2%Area™ . 46)
15-min: LO1(100-12.0%Area™. 46)
30-min: 01%(100-9.2%Area”™ 46)
1-hr: O01%(100-7.0%Area™ . 46)
2-hr: 01#(100-5.3*Area™ . 46)
3-hr: O1%(100-4.5%Area™ . 46)
6-hr: O1%(100-3.5%Area™.46)
12-hr: L01#(100-2.6%Area™ 46)
1-day: O1#(100-2.0%Area™ 46)
2-day: .01%(100-1.5*Area™.46)
3-day: O1#(100-1.3%Area™ 46)

Units of area in the equations above are square miles.



JOB TITLE Neffs Canyon Debris Basin

CALC. BY Cameron Jenkins DATE 06/30/21

CHECK BY DATE
SUBJECT: Seasonal Reduction Factor Based on Atlas 2 Data

Compute a rainfall reduction ratio based on the May-October Rainfall and Annual Rainfall Maps from NOAA Atlas 2
maps.
See 0:\GIS Data\Utah Statewide\Hydrology\NOAA Atlas Il Figures for georeferenced Atlas 2 Raster Maps

| |= cell requiring user input

Return Annual Rainfall Seasonal Seasor?al
Period (yr) () Rainfall (in) Reduc.tlon
Ratio

1-Year, 06-Hr #NUM!
2-Year, 06-Hr #DIV/0!
5-Year, 06-Hr 5 88.0%
10-Year, 06-Hr 10 1.8 1.6 89.0%|Taken from HAL 2007 study
25-Year, 06-Hr 25 90.0%
50-Year, 06-Hr 50 91.0%
100-Year, 06-Hr 100 2.6 2.4 92.0%|Taken from HAL 2007 study
200-Year, 06-Hr 200 - - 93.0%
500-Year, 06-Hr 500 - - 94.0%
10-year, 24-Hr 10 2.5 2.3 92.0%| Taken from HAL 2007 study
100-year, 24-Hr 100 4.1 3.8 94.0%|Taken from HAL 2007 study
Notes:

1. all ratios estimated based on logarithmic trendline except the 10-year and 100-year events.

Seasonal Reduction Ratio
92.5%
92.0% R d

91.5%
y = 0.0131In(x) + 0.8591

0,
9L.0% R?=0.9949

90.5%
90.0% e )
89.5%

Seasonal Reduction Ratio

89.0% e

88.5%
1 10 100

Return Period (yr)



JOB TITLE Neffs Canyon Debris Basin
CALC. BY Cameron Jenkins

DATE 06/30/21

CHECK BY DATE
SUBJECT: CN Calculation
NLCD 2016 Code NLCD 2016 TR-55 Land Cover A B C D Soil Group Area (sqft) Weighted Area CN Weighted CN
41 Deciduous Forest 0Oak-Aspen (Fair) 48 48 57 63 B 11,704,379 0.114 48 5.49
41 Deciduous Forest 0Oak-Aspen (Fair) 48 48 57 63 D 6,977,560 0.068 63 4.30

41

43

Deciduous Forest

Mixed Forest

0Oak-Aspen (Fair

Juniper (poor)

75

75

85

89

6,756,651

779,430

0.066

0.008

75

3.76

0.57

43

Mixed Forest

Juniper (poor)

75

75

85

89

376,193

0.004

89

0.33

Mixed Forest

(@] (=2 |er]

65,920




JOB TITLE Neffs Canyon Debris Basin

CALC. BY Cameron Jenkins

CHECK BY

SUBJECT: Lagtime

DATE 06/30/21
DATE

Initial Calibrated
Watershed Are 102,310,000  #tHiHi#H
Watershed Len 17500 17500
Max Elevation | 9675 9675
Min Elevation ( 5634 5634
CN 66 64
Width 5846.3 5846.3
Slope 0.2 0.2
S 5.2 5.6
Lag Time (hr) 1.8 1.9
Lag Time (min) 110.0 113.1

As was done in the 2007 County study, the lag time was
calculated using the regression equation from the M.] Simas and
R.H. Hawskins “Lag Time Characteristics for Small Watersheds in
the U.S.” study. This method requires the basin area, slope, and

curve number characteristics:

T

lag

where

width = Watershed Area / Watershed Length
slope = Maximum Elevation difference / Longest Flow Path

S, = 1000/CN - 10

= .0051 x width** x slope™'® x §,,*'*



NEFFs CREEK DEBRIS BASIN STuDY

APPENDIX C - GEOLOGIC/GEOTECHNICAL ANALYSIS TM

BOWEN COLLINS & ASSOCIATES
MILLCREEK CITY



PO Box 880

(& GERHART COLE

801.849.0055
gerhartcole.com

TECHNICAL MEMORANDUM

To: Mr. Cameron Jenkins, PE, CFM
Bowen Collins & Associates
154 E, 14075 South
Draper, Utah 84020
801.495.2224
cjenkins@bowencollins.com

Cc: Mr. Craig Bagley, PE, CFM . _
From: Tomsen L. Reed, PE VOIS
Daniel A. Billings, PE 5/&"“ 081429050
Reviewed by:  Elliott Lips, PG AR
Ryan Cole, PhD, PE, DGE gv‘
Date: April 6, 2022 "“tix;_‘_? M
Job Number:  21-1398
Subject: Neff's Canyon Debris Basin Geotechnical / Geologic Feasibility study

INTRODUCTION AND BACKGROUND

We understand that Millcreek City (Owner) is considering construction of a debris basin for
flood control at the mouth of Neff's Canyon, located above the Mount Olympus residential
subdivision. We understand this is partially in response to changes in FEMA Flood mapping.
Bowen Collins and Associates (BCA) has been retained by Millcreek City to assess the
feasibility and provide recommendations for design alternatives for this basin. Gerhart Cole
(GC) was retained by BCA to provide project support focusing on potential geologic /
geotechnical hazards to the basin and identification of areas for future studies /
assessments. The two primary objectives of this study are:

1. To review existing information and assess the feasibility of a debris basin near the
mouth on Neffs Canyon.

2. If, based on available information, constructing a debris basin in this area is
considered feasible, identify what additional geotechnical/geologic studies are
needed for the design of the selected debris basin alternative.

During normal flow events (Neff's Creek is ephemeral or normally dry), water flows
preferentially through a diversion channel to the south of the natural stream channel,
reportedly constructed by early residents to irrigate an orchard located where the Mount
Olympus subdivision is now. The diversion channel is not large enough to contain the flows
of the design flood. During high flow events, the diversion reportedly overtops and flows
enter the natural stream channel. We understand that flows in the natural channel can
cause flooding in the Mount Olympus subdivision.




To accomplish the project objective of mitigating the debris flow/debris flood hazards below
the mouth of Neffs Canyon, a debris basin will likely need to be constructed. Such a debris
basin would not detain or store water from the 100-year design event, but allow peak runoff
from that event to flow through the basin and discharge into an enclosed system below the
debris basin. The debris basin would function to collect sediment and debris during large
runoff events, control flows, and eliminate the uncertainty of where water from a large runoff
event would flow. If the debris basin were to be constructed using an above-ground
embankment to impound water and debris it would likely be considered a high-hazard dam
by Utah Dam Safety (UDS).

Project constraints include the presence of a designated wilderness area just upstream of
the proposed basin. We understand that Millcreek City requested a study of potential
alternatives both within and outside of the designated wilderness area. BCA has focused on
the areas just outside the wilderness area given difficulties in redistricting or permitting work
within the boundary.

BCA provided GIS shapefiles for two proposed basin footprints in an email dated August 26,
2021, which we have included in Figures 1, 2 and 4. Both footprints include the basin and
associated embankment and are considered approximate. The larger footprint, referred to
by BCA as the “Dam Alternative” is understood to consist of an earthen embankment with
some amount of excavation behind to form the debris basin. The smaller or “Inline
Alternative” is understood to be primarily an excavated depression. The conceptual basin
footprint of the Dam Alternative measures approximately 600 feet long and 300 feet wide
(plan dimensions), while the conceptual Inline Alternative footprint is approximately 200 feet
square. Existing ground surface elevations within the basin footprints for both alternatives
varies between approximately 5550 and 5600 feet (based on LiDAR topography published
by Utah Geographic Reference Center (UGRC, 2014), NAVDB88 vertical datum). Given the
preliminary nature of this study, detailed information about the nature of the proposed basin
(height and location of proposed embankment, etc.) was not available.

In addition to these footprints, we have considered the canyon reach extending to the
confluence of Neff's Creek with Norths Fork, which we assume defines the up-canyon limit
where the basin could be located. The majority of the considered reach above the provided
basin footprints lies within the designated wilderness area.

It is our understanding that the Inline Alternative may be considered high hazard by UDS
and therefore be required to meet the same UDS design requirements as the Dam
Alternative.

This technical memorandum (TM) presents our desktop-level study of geologic /
geotechnical hazards at the site, specifically considering the two proposed basin locations
(see Figure 1); performed in the context of preliminary identification of hazards for future
studies / assessments.

We consulted the following sources in the preparation of this memo (see references for
more details):
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e (Geologic maps produced by Utah Geologic Survey (UGS) and United States
Geologic Survey (USGS)

e LiDAR topography published by UGRC

e Historic aerial imagery provided by UGS

e (Geologic hazard maps produced by UGS and USGS

We also corresponded with the Utah Geological Survey to better understand geologic and
hazard mapping in the project area.

GEOLOGIC SETTING

The project site is located within the Basin and Range Physiographic Province, on the
western slope of the Wasatch Mountain Range in the Salt Lake Valley. The Basin and
Range is characterized by a series of alternating, generally north-south trending, normal
faulted, narrow mountain ranges and semi-arid to arid alluvial / pluvial valleys formed as a
result of tectonic extension. This extension is believed to have initiated during Early Miocene
time (approximately 17 million years ago) and continues during present time (Lund et al.,
1990). A large portion of the Basin and Range Province, including the project area, is part of
a system of watersheds topographically restricted from draining into the ocean. Instead,
drainage and groundwater accumulate within terminal lakes and playas in the valley bottoms
such as Utah Lake and Great Salt Lake.

During the late Pleistocene, the Salt Lake Valley was largely filled by the ancestral Lake
Bonneville, which stabilized at several “stands” or “benches” that ring local valleys along the
mountain fronts. The Bonneville shoreline, representing the highest level or high stand of the
lake, is mapped below the project approximately at elevation 5200 feet.

Prehistorically, Neff's Creek and other adjacent drainages have flowed into the Salt Lake
Valley and deposited coarse materials (sands, gravels, cobbles, and boulders) in an alluvial
fan at the mouth of the canyon. Surface morphology in the area of the project has been
formed in part by these processes but has also been altered by surface faulting associated
with the Wasatch Fault and slope movement processes. Some of the morphology of the
area has also been altered by human disturbance associated with the construction of a
small, abandoned reservoir, water storage and conveyance structures, and maintenance
roadways.

SURFICIAL CONDITIONS / TOPOGRAPHY

Both conceptual basin footprints are located on a relatively flat area at the mouth of Neff's
Canyon, above the parking area for the Neff's Canyon Trailhead. The ground slopes toward
the west at about a 10 to 15 percent slope. A natural stream channel and diversion channel
incise and create steep channel banks in the surrounding ground surface. The basin
footprints provided by BC&A would intercept the natural stream channel and high flows from
the diversion channel; normal flows from the diversion channel would not be impeded. The
north end of the Dam Alternative footprint overlaps an existing depression east of the
parking lot, which was at one time a small reservoir but is now reportedly abandoned. The
canyon walls rise steeply above the basin footprints at slopes approaching 1H:1V in places.
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Materials exposed at the surface and in stream cuts in the project area consist mainly of
coarse materials with a silty sand matrix. Abundant cobbles and boulders are exposed
within the stream channel, including boulders up to 10 feet in diameter.

HAZARD IDENTIFICATION

Based on guidelines for geologic hazards prepared by the Utah Geological Survey
(Bowman and Lund, 2020) we have considered the following potential geological /
geotechnical hazards at the potential basin sites:

Surface Fault Rupture / Tectonic Deformation

Ground Shaking

Liquefaction

Debris Flow

Flooding hazards

Landslide

Rockfall

Problem soils, including collapsible and expansive soils

Information used to prepare the figures in this document has been taken from existing maps
of varying scales, so any boundaries / limits should be taken to be approximate and subject
to confirmation by field reconnaissance and other field study methods. Geologic mapping
(Figure 2) is also provided to supplement the hazard map. Descriptions of mapped units are
included in Figure 3.

Surface Fault Rupture / Tectonic Deformation Hazard

Both alternatives are located near the mouth of Neff's Canyon, along the foothills of the
Wasatch Range in the eastern portion of Salt Lake Valley. As can be seen by the green line
in Figure 1, the proposed basins are located within 600 feet of a mapped (location mapped
as inferred or approximate) trace of the Salt Lake City Segment of the Wasatch Fault Zone
(WFZ) and within a surface-fault-rupture hazard special study area identified by the Utah
Geological Survey (Hiscock and McKean, 2018).

The WFZ is considered active and capable of magnitude 7.1 events in the vicinity of the
property (WGUEP, 2016). Mapped traces of the fault zone based on recent mapping by the
Utah Geological Survey (UGS; see Hiscock and McKean, 2018) are provided in Figures 1
and 2. We note that USGS mapping for the fault in this area is based on outdated mapping
and we have not included it in this study. We consider the UGS mapping to be the most
recently updated fault and special study area mapping of the Wasatch Fault Zone. Despite
the recent mapping performed by the UGS, the location of the WFZ in this area remains
poorly constrained as a result of active alluvial fan deposition and human disturbance along
the fault in this area.

Recent paleo-seismologic studies suggest that there have been at least four surface-rupture
earthquakes on the Salt Lake City Segment of the WFZ during the middle to late Holocene,
although not all traces ruptured during these earthquakes. The Holocene is the present
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epoch of geologic time, dating back to approximately 11,700 years ago. The recurrence
interval within the past 6,000 years is about 1,300 years, and the most recent event
occurred about 1,300 years ago. Observed single-event surface displacements from these
events are on the order of 3.3 to 6.6 feet. (DuRoss et al., 2015). In addition to surface fault
rupture, earthquakes can cause other kinds of surface deformation, which usually occur
where buried active faults deform but do not rupture at the surface. Types of deformation
include folding and warping of near-surface sediments, and can cause deformation in broad
zones, which may be difficult to detect at the ground surface. Potential hazards associated
with tectonic deformation are difficult to assess and quantify but have been quantified in
some instances where well-defined stratigraphy was identified in paleoseismic trenches
(Keaton and others, 1987; Hylland and others, 2014).

Both alternatives are located within a UGS surface-fault-rupture hazard special study area.
Design and construction of the embankment associated with the dam alternative would
be subject to Utah Dam Safety Rules R655-10 and R655-11, which precludes dam
embankment construction on active faults. Coordination with UDS may also be required if
the below grade debris basin is constructed, depending on the characteristics of the soils on
the downstream side of the basin. Based on the location of this special study area, the
uncertainty in the location of the WFZ in this area, and Utah Dam Safety Rules, we would
recommend a site-specific surface-fault-rupture hazard study be completed to evaluate the
presence or absence of active faults at the location of key project features and before final
design. Alternatively, if the wilderness area boundaries are revised, the basin could be
constructed further up the canyon, outside of the special study zone and away from the
WFZ, to avoid performing a site-specific study. There is a possibility that the dam
embankment could be constructed on an active fault, if both demonstrated and approved by
the State Engineer that the dam can safely withstand the anticipated offset. It should be
noted that designing such a structure will be technically challenging.

Generally, a site-specific surface-faulting study involves review of available literature,
analysis of aerial photography and other topographic data (these tasks are addressed in this
memo), surficial geologic mapping and trenching (these tasks are not addressed in this
memo). Because of the extensive disturbance and alluvial-fan activity in the area, surficial
fault mapping in the area will be challenging, as geomorphic expression of faulting likely has
been altered or removed. However, some surficial features appear to be potentially
undisturbed, and some limited geologic mapping may be feasible at the site that could
provide useful context for subsurface studies. A preliminary review of readily available
historic aerial photography (Figure 4, UGS 2021) was performed to better understand the
geologic mapping by Hiscock and McKean (2018) and McKean (2020). The 1937
photographs were used to better understand onsite topography prior to development.

Trenching is a generally accepted subsurface study method for locating fault traces,
assessing timing of most recent earthquake events, and measuring fault displacement
magnitudes and orientations. Trenching is usually performed perpendicular to the trend of
the fault and extending beyond the embankment footprint. Given the variability in orientation
of surface faulting on normal faults and the high spatial variability in alluvial-fan deposits we
believe up to 4 fault trenches should be excavated and logged to adequately document the
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presence or absence of active faults at the site. Data from these studies would be used to
develop appropriate fault setback distances if active faults are identified. Additionally, if
possible, tectonic deformation should be assessed as part of the trenching.

FEMA guidelines (2005) and Utah Dam Safety Rules R655-10 and R655-11 identify faults
younger than 35,000 years as active. Therefore, fault trenching at the site will need to either
1) document the presence of faults and date the youngest sediments displaced by them, or
2) document the absence of faulting in sediments older than 35,000 years. This could
require excavation through the sediments younger than 35,000 years. Because the site is
above the highest elevation of Lake Bonneville, age correlation of sediments found on site to
known ages of similar deposits elsewhere in the basin will not be possible. Dating of
sediments exposed in trenches would likely be performed using radiocarbon or optically
stimulated luminescence (OSL) techniques.

Some potential problems with excavating trenches at the site include the steep slopes,
potential for deep burial of sediments older than 35,000 years by alluvial-fan activity,
abundant boulders, and the location of residences in relation to the proposed embankments.
The steep slopes onsite may make access difficult for the excavation equipment, although
trenches generally can be excavated down slopes. If sediments older than 35,000 years are
buried deeply, it may not be practical to excavate below them, which could lead to gathering
inconclusive age data. Additionally, alluvial-fan materials generally do not contain ideal
materials for dating using radiocarbon or OSL, although both techniques have been used
successfully in alluvial-fan deposits in other locations.

However, in spite of these challenges, trenching is the method most likely to produce data to
inform decisions about embankment placement and other mitigation. In order to initially
assess the potential for successful fault trenching we would first recommend excavating
several test pits in the vicinity of the proposed basins to understand the extent and depth of
potential 35,000-year-old sediments onsite. If successful, fault trenches would then be sited,
and trenching studies carried out.

Ground Shaking

The WFZ is a major feature of the Intermountain Seismic Belt (ISB). The ISB is a northerly-
trending zone of earthquake activity that runs through the intermountain west from northwest
Montana, through eastern Idaho, western Wyoming, and central Utah to southern Nevada
and northern Arizona (Smith and Arabasz, 1991). The ISB is characterized by abundant
late-Pleistocene and Holocene fault scarps, and since 1876 there have been more than 49
moderate-to-large (magnitude 5.0 to 7.5) earthquakes in this zone (UUSS, 2016, UUSS,
2020), including the recent magnitude 5.7 earthquake in Magna, Utah in March of 2020.
Consequently, there are multiple seismic sources which contribute to the seismic ground
shaking hazard at the proposed basin.

The basin’s proximity to the Wasatch Fault suggests that a significant ground-shaking
hazard exists at the site. A site-specific determination of seismic design parameters will be
required to assess the performance of a dam embankment for design.
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Liquefaction Hazard

Liquefaction is an earthquake-related phenomenon in which soils lose their shear strength
when subjected to seismic shear waves. Liquefaction generally occurs or is triggered during
moderate to strong ground shaking in very loose to medium dense, primarily granular soils
(e.g., sands with a relatively low percentage of fine-grained materials) located below the
water table. Liquefied soils may either flow or incrementally displace downslope or may
otherwise remain in place but be unable to support an overlying load.

Mapping by Christenson and Shaw (2008, derived from Anderson et al., 1986) suggests a
low liquefaction triggering susceptibility at the site, likely due to the nature of alluvial-fan
deposits and potential for deep groundwater. However, this mapping was performed at a
scale of 1:200,000, and a subsurface study would be required to assess material properties
at the site and the changes in localized groundwater due to the debris basin.

Debris Flow / Flooding Hazard

The purpose of the proposed debris basin is to mitigate potential debris flow / flooding
hazards to the subdivision below Neff's Canyon, and we understand that flood hazards in
this area have been mapped by FEMA. We anticipate that, depending on the expected
sediment loads and basin capacity, routine maintenance of the basin will need to be
completed to remove sediment that will accumulate as a result of debris flow events to
continually meet storage and freeboard.

We also note that the diverted channel, which currently carries a majority of the creek’s flow,
is only diverted by a small embankment and excavated channel. In its current configuration,
either the diversion or the natural channel could be blocked in a debris flow event, which
could change how flows interact with the current hydraulic conveyance infrastructure
downstream. We suggest that this possibility be considered during design.

Landslide Hazard

Landslide hazards consist of shallow and deep-seated movements of earth that manifest as
either slumping (rotational sliding) or translational sliding. Landslides can be quick or slow
moving. Along the Wasatch Front, landsliding often occurs as a reactivation of older
movements / landslides or in marginally stable surficial deposits in response to increases in
moisture and / or steepening of existing slopes by erosion or human disturbance. An
increase in moisture increases soil load and reduces soil shear strength, thereby reducing
stability. Earthquakes may also initiate landslides as dynamic forces act on marginally stable
slopes.

Based on our review of available data, several landslides are mapped in the area, and at
least one may have the potential to affect stability of the proposed embankment. The
landslide mapped by McKean (2020) just north of the proposed basin footprints was also
identified by Elliott and Harty (2010), although with somewhat different extents (see blue
outlines in Figure 1). This landslide is likely the most recently active landslide, although no
record of historic movement of this feature was identified in our literature review. However,
geomorphic features suggesting somewhat recent movement are visible in LIDAR data near
the head of the landslide, approximately %2 mile upslope of the proposed basin footprints.
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The morphology is more subdued near the toe of the mapped landslide, adjacent to the
proposed basin locations, suggesting less recent activity there. The UGS did not have any
subsurface or other data to suggest the type of landslide that created this feature. We note
that the existing abandoned reservoir appears to have been excavated into this landslide
toe. Based solely on aerial photography and topographic data, the excavation of the existing
reservoir does not appear to have reactivated movement of this mapped landslide.
However, we are not aware of any historic records of this reservoir's performance, and the
current perceived stability does not necessarily imply stability under differing conditions (e.g.,
additional excavation).

Given the potential for landslide hazards affecting the basins, we would recommend site-
specific studies and slope stability analyses be completed to characterize the subsurface
geometry and type of landslide and assess potential for reactivation. Excavation of the
basin, likely to occur near the toe of the landslide, should be explicitly considered in this
assessment.

Rockfall Hazard

A rockfall hazard exists where one or more portions of an elevated rock mass detach and
fall under the force of gravity. Rockfalls are more prevalent in steep areas and / or geologic
units that tend to form cliffs. However, rockfalls can also be sourced from unconsolidated
deposits (soil), although in deposits like those found onsite they are generally limited to
individual boulders and not large rock masses. Generally, rockfall in unconsolidated deposits
occurs as a result of erosion of finer materials around boulders that eventually become
dislodged and roll or translate downslope.

Based on our review, rockfall potential / susceptibility has not been mapped to any
significant / extensive degree near the two proposed basin locations. The proposed basin
footprints are located where most surficial geologic deposits are mapped as unconsolidated
deposits, with bedrock exposed in the canyon upstream. Unconsolidated deposits include
soils or any geologic unit that is not bedrock, such as river deposits, landslide deposits, etc.
Unconsolidated units at the property include alluvial fan and landslide deposits, which both
are described as potentially containing cobbles or boulders (Figures 2 and 3). These units
could be potential sources for rockfall, depending on the final grading configuration.
However, rockfall from these unconsolidated units would likely consist of single cobbles or
boulders, which would be unlikely to cause damage to proposed embankments. Based on
the mapping, we do not anticipate any bedrock units close enough to the proposed
footprints to cause large rock mass failures that could affect the proposed embankment and
generally anticipate the rockfall hazard to be low at the proposed basin locations. An
upcanyon basin location within the wilderness area may have elevated rockfall potential
relative to the proposed basin locations considered in this TM.

Problem Soil Hazard

Certain soils are subject to volumetric changes (expansion and collapse) when free water
and / or new loads are introduced to an otherwise stable soil mass. These soils include
expansive and collapsible soils. While both are present in Utah, collapsible soils are
expected to be a more likely concern at the project site than expansive soils due to the
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depositional environment. Collapsible soils tend to form in quickly placed alluvial fan or
debris flow deposits where loose, saturated soils tend to dry quickly after deposition before
they have a chance to self-consolidate and thus leave internal voids (from pinholes to larger
cavities) that can collapse later when water and additional load are introduced. Soils with
soluble minerals such as gypsum are also subject to collapse, as are aeolian (wind-
deposited) silts, also known as loess.

Mapping of collapsible soils in Salt Lake Valley is not readily available. Geologic mapping at
the property shows units generally associated with collapse, where proposed improvements
may involve adding loads to the soil (such as a dam embankment), subsurface exploration
and laboratory testing should be performed to assess collapse potential.

Internal Erosion and Piping

Soils subject to collapse can also be subject to piping or internal erosion caused by seepage
of groundwater through an erodible soil matrix. Our desktop study did not explicitly identify
potential for this condition, but alluvial soils can have this potential. The site soils will need to
be evaluated for the potential for erodibility to prevent development of piping conditions as
part of design efforts.

Hazards Summary

The hazards discussed would all likely require some form of subsurface studies to better
understand how they could affect design of the selected alternative. The most significant
risks to the project appear to be related to fault rupture and the mapped landslide north of
the proposed basins. Both hazards will require additional studies as the existing or new
debris basin alternatives are considered or developed further. Given these hazards and the
challenges with performing a fault hazard study at this particular site, the following options
could be considered:

1. Relocating the debris basin further up the canyon, outside of the fault special study
zone (although we note that this option would place the structure within the
Wilderness Area boundaries, which makes this alternative unlikely).

2. Construction of the basin entirely below grade, precluding the need for a dam
embankment, provided that a “natural dam” is not created. Note that this option does
not necessarily preclude the need for a fault rupture study, depending on the final
design configuration. If this option is considered, we recommend producing
conceptual drawings and meeting with Millcreek City and UDS to discuss hazard
classification and the approval process. We understand this to be the preferred
alternative.

3. Designing the dam with an appropriate fault offset and/or demonstrating that the
embankment can withstand the anticipated fault offset.

OTHER CONSIDERATIONS
Reuse of Site Materials

Sampling site soils was not performed as part of this study but given the depositional
environment and design purpose of the proposed basin, we expect much of the material can
be made to be suitable for reuse as embankment fill with the following considerations:
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e The material is expected to be relatively coarse-grained and therefore more
permeable than typical for embankment fill — may require special detailing to prevent
excessive seepage or creation of piping conditions.

e Shallower slopes may be required for stability if this material is used.

e \Very coarse material is likely — this material can be used as riprap or would need to
be crushed or otherwise processed prior to reuse.

If advantageous to the design, placing surplus excavated material into the existing reservoir
area as a way to waste it or to enlarge the parking area is considered feasible. This may
provide additional value in terms of providing a stabilizing benefit to the landslide toe, into
which it is incised.

Foundation Permeability

As discussed above, the site soils are anticipated to be relatively permeable. Under-
seepage is expected to be higher than typical for an embankment dam and will need to be
considered in design if the dam alternative is selected. Extent and consequences of
seepage from the inline pond alternative may also be required depending on the final
configuration.

CONCLUSION AND RECOMMENDATIONS FOR ADDITIONAL STUDY

Based our preliminary analyses, as discussed in this TM, we believe a debris basin in either
configuration is feasible at this project site. Once a concept alternative has been selected
and the project moves toward design, we expect the following analyses will be required. This
list is not meant to be exhaustive but is intended to provide a comparison of the alternatives.
In general, an embankment dam alternative provides more flexibility in the design but
presents more risks and may require additional study. Either alternative will require soil and
groundwater characterization.

For an embankment dam alternative, we anticipate the following to be components of future
study to develop the geotechnical design and further understand geologic hazards at the
site:

Surface fault rupture study, including trenching.

Site-specific seismic hazard analysis.

Liquefaction assessment.

Subsurface study and stability modeling related to the mapped landslide.
Assessment of collapse potential of foundation soils.

Assessment of seepage / piping potential through embankment foundation and
abutment soils.

Borrow study to identify materials suitable to build an embankment.
Embankment seepage and stability analyses.

SobhwN~
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For the below-grade, inline debris basin alternative, we anticipate the following to be
components of future study:
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1. Subsurface study and stability modeling of excavations related to the mapped
landslide.

Assessment of seepage / piping potential through adjacent soils.

Evaluation of excavated soils for reuse elsewhere.

Stability assessment of pond slopes.

Stability assessment of downstream slopes depending on proximity to pond.

A surface fault rupture study may still be required for the inline option. Fault rupture
within the basin footprint may not be as much a concern to earthworks for a pond
relative to a dam; however, it could affect the performance of structural components
of the basin, such as outlet works, and possibly the natural dam.

ook owl

If the geometry of the proposed basin is such that it can be considered a pond, and not a
natural dam, site-specific seismic hazard analysis or liquefaction assessment may not be
necessary. The closer the inline basin approaches the existing relatively steep downstream
slope to the southwest, the more likely it is to behave like a dam and the more study will be
required to provide design recommendations. Scoping the next phase of studies will be
done in consideration of the planned placement and site configuration. We recommend
developing conceptual drawings and early discussions with UDS to understand how the
basin will be classified.

LIMITATIONS

The assessments and recommendations in this document are based on information drawn
from multiple sources, including the Utah Geological Survey and the United States
Geological Survey as well as individual authors, researchers, consultants and their firms.
The location of hazards may be inferred using various means, however confirmation of their
presence will require additional, site-specific studies (e.g., trenching is needed to positively
or negatively determine the presence of faulting). Even then, the frequency of occurrence
can remain imprecise due to both aleatory variability (the natural randomness of a process)
and epistemic uncertainty (due to limited data and knowledge associated with infrequent
events as measured by the length of human experience).

It is important that we continue to be consulted as additional actions are taken relative to the
hazards and risks discussed herein so that conclusions and recommendations contained in
this document can be revised as needed as additional information becomes available and /
or as the scope of project work evolves. Information regarding additional services (including
geologic mapping, paleoseismic trenching, subsurface studies, etc.) can be obtained from
our office.

We represent that our services are performed within the limitations prescribed by our Client,
in a manner consistent with the level of care and skill ordinarily exercised by other
professional consultants under similar circumstances. No other representation, expressed or
implied, and no warranty or guarantee is included or intended. GC does not take
responsibility for information provided or developed by others.
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2.

DESCRIPTION OF GEOLOGIC MAP UNITS

Fill and disturbed land (historical) — Undifferentiated artificial (human) fill and disturbed land related to
construction, road embankments, water storage, flood and debris flood control structures, bedrock mines,
borrow pits, clay pits, and sand and gravel operations (commonly in Lake Bonneville deposits); the extent of fill
and disturbed land are based on 1958 aerial photographs; outlines were updated using 2012 orthophotography;
only the larger areas of disturbed land are mapped; unmapped fill is present in most developed areas; land
within developed areas contains a complex and still changing mix of cuts and fills; thickness unknown

Landslide deposits (historical? to middle Pleistocene) — Poorly sorted clay- to boulder-sized material in
slides and slumps; composition varies with the source material; most of the landslides are small and
characterized by hummocky topography, main and internal scarps, toe thrusts, back-rotated blocks, and chaotic
bedding in displaced bedrock; not subdivided by apparent age because even landslides with subdued
morphology (suggesting that they are older, weathered, and have not moved recently) may continue to exhibit
slow creep or are capable of renewed movement if stability thresholds are exceeded (Ashland, 2003); stability
determinations require detailed geotechnical investigations; smaller landslides are not mapped because they
are too small to show at map scale; thickness highly variable. Landslides in bedrock are mapped in many
areas, including... a landslide located on the south side of Olympus Cove [which] is derived from the Ophir
Formation. The Ophir Formation on the south side of Olympus Cove presently mapped as thrust-faulted strata
could also be explained as large landslide bedrock blocks.

Younger alluvial-fan deposits, undivided (Holocene to upper Pleistocene) — Poorly to moderately sorted,
pebble to cobble gravel, with boulders near bedrock sources, with a matrix of sand, silt, and clay; downslope
gradational into mixtures of sand, silt, and clay on gentler slopes; clasts subangular to well rounded; thin to
thick planar bedding and low-angle cross-bedding; deposited by debris flows, debris floods, and streams at the
mouths of small canyons draining the Wasatch Range and at the mouth of Neffs Canyon, and Emigration,
Parleys, and Mill Creeks; includes both ages of younger alluvial-fan deposits (Qaf1 and Qaf2); postdates the
regression of Lake Bonneville from the Provo shoreline and lower shorelines; a more specific age cannot be
determined where incision by active streams in uncertain, or where areas of Qaf1 and Qaf2 are too small to
show separately at map scale; Lake Bonneville shorelines are not present on these alluvial fans; most deposits
between about 10 and 40 feet (3—12 m) thick but could be locally thicker.

Mass movement and colluvial deposits, undivided (Holocene to middle Pleistocene?) — Mixed landslide,
slump, slopewash, and soil creep that are gradational into one another; typically have a hummocky appearance
on the lidar-derived elevation models but lack clear landslide scarps and lateral margins to allow separate
mapping; mapped as thin deposits on steep bedrock slopes north of Spring Canyon, in Pharaohs Glen, and on
the north and east sides of Mount Olympus; thickness 0 to 30 feet (0—10 m).

Level-4 alluvial-fan deposits, pre-Bonneville lake cycle (upper to middle Pleistocene) — Poorly sorted,
pebble to cobble gravel, with boulders near bedrock sources, with a matrix of sand, silt, and clay; clasts
subangular to well rounded; thin to very thick planar bedding and low-angle cross-bedding; forms small fans
and fan remnants above the Bonneville shoreline at the mouth of Spring and Neffs Canyon, and in Olympus
Cove; locally cut by the Bonneville shoreline; deposits of the same age likely underlie Lake Bonneville deposits
in Salt Lake Valley, and are probably gradational into lacustrine deposits of the Little Valley or Pokes Point lake
cycles; Little Valley lake cycle peaked at about 138,000 14C yr B.P. (McCalpin, 1986), with the highstand of the
Little Valley lake at about 4920 feet (1500 m) (Scott and others, 1983) or 5000 feet (~1525 m) (Scott, 1988b);
the Pokes Point lake cycle highstand is at an elevation of 4685 feet (1428 m) in Little Valley in the Promontory
Range (McCoy, 1987), with the ages for the Pokes Point lake cycle varying from more than ~271 ka (230Th
corrected age, Balch and others, 2005) to MIS 12 or about 430 ka (Oviatt and others, 1999); exposed thickness
less than 40 feet (12 m).

See Figure 2 for Geologic Map (McKean, 2020).

See referenced Geologic Map for additional information on mapping, descriptions shown are the units that are
adjacent to the project.
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Notes: 1.
2.

DESCRIPTION OF GEOLOGIC MAP UNITS

Doughnut Formation (Upper Mississippian) — Light- to dark-gray, fossiliferous, cherty limestone, shaly
limestone, and minor beds of rusty-weathering, silty, calcareous sandstone; fossils include crinoids, bivalves,
rugose corals, brachiopods, bryozoans, and fossil hash; thin- to medium-bedded limestone; locally some beds
appear to be highly silicified and very dense; nodular dark-gray to black chert; slope former; mapped on the
north side of Neffs Canyon; the lower contact is the Mount Raymond thrust, which may be in the lower
Doughnut shale that is visible near Morgan (see Coogan and others, 2015); Late Mississippian age from Baker
and Crittenden (1961); in the Morgan quadrangle Coogan and others (2015) reported a Morrowan (Early
Pennsylvanian) palynomorph age on the upper Doughnut, but strata like their clastic-poor upper Doughnut have
not been identified during my mapping; estimated thickness 1000 feet (300 m).

Humbug Formation (Upper Mississippian) — Interbedded, medium- to dark-gray limestone and light-brown,
calcareous, quartz sandstone; both are medium-bedded and light-brown weathering; limestone is fine to
medium grained, with shell hash, and is locally dolomitic; sandstone is fine to medium grained with moderately
sorted and rounded grains, and low-angle cross-stratification; weathers to ledges and slopes; exposed in Neffs
Canyon and truncated by the Mount Raymond thrust; lower contact with the Deseret Limestone is gradational
and occurs near the change from limestone (Md) to alternating sandstone and limestone (Mh), such that
reported thicknesses may not be based on the same contact; regional age from Morris and Lovering (1961);
estimated thickness is 700 to 900 feet (210—280 m); in City Creek Canyon, Granger (1953) reported a Humbug
Formation thickness of 727 feet (220 m), and Granger and others (1952) reported a thickness of 400 feet (120
m) in the Cottonwood canyons area.

—?—....  Normal fault - Dashed where approximately located,
9 dotted where concealed, queried where existence

uncertain; bar and ball on downthrown side; arrows
/ on cross section indicate direction of relative
movement; red symbols and dips are from
Crittenden (1965d)

4

—de 4w aan Thpust fault - Dashed where approximately located,
dotted where concealed; sawteeth on upper plate;
bar and ball on downthrown side indicates a
reversal of fault slip due to uplift of the
Cottonwood arch; © (toward) © (away) symbols
show relative direction of displacement on cross
sections

Strike and dip of inclined bedding
Strike and dip of overtumed bedding

Vertical bedding

See Figure 2 for Geologic Map (McKean, 2020).

See referenced Geologic Map for additional information on mapping, descriptions shown are the units that are
adjacent to the project.
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1 GEOLOGIC CONTEXT

Neffs Canyon drains to the west into the Salt Lake Valley and is bounded on the north by the larger Mill
Creek Canyon drainage basin and to the south by Mount Olympus. The Olympus Cove neighborhood is
located on the Neffs Creek alluvial fan just west of the canyon mouth (Figure 1). The canyon mouth has
an elevation of approximately 5,600 feet and the canyon crest reaches approximately 9,800 feet. The
watershed is characterized by steep channels, with slopes ranging from 4% to 16% in the lower reaches
to greater than 50% in the upper reaches. This study focused on three main channels, denoted as Neffs
Creek, Unnamed Tributary, and North Fork (Figure 1). These channels have average slopes of 22%, 28%,
and 38%, respectively. Longitudinal profiles for these channels are shown in Figure 2.

The Neffs Canyon watershed is located in Salt Lake County, Utah, and is part of the Wasatch Mountains,
a mountain range on the easternmost edge of the greater Basin and Range Province. The Wasatch
Mountains are geologically diverse, ranging from alluvial deposits to limestone, sandstone, and shales,
to quartzite, gneiss, and schist, ranging in age from the Holocene to the Archean. The geology of Neffs
Canyon is dominated by north-northwest dipping layers of limestone and quartzite (Figure 3). This
geological diversity reflects the long tectonic and related depositional history of the area. The Wasatch
Mountain Front is a result of repeated normal fault displacement over the last several million years
along the Wasatch Fault Zone, a fault system composed of several independently moving fault
segments. Neffs Canyon is located at the northern end of the normally faulted, Salt Lake City segment of
this fault system.

The regional climate is characterized by cold, snowy winters and hot, dry summers with modest to light
seasonal rainfall. Based on these conditions, it is considered a humid continental climate to dry-summer
continental climate. The vegetation in Neffs Canyon consists of scrub oak, maple brush, pine trees, and
aspen trees. This vegetation is dense in some areas but very sparse in the areas of the exposed slabs of
steeply dipping, quartzite bedrock.

Neffs Creek Debris Basin Feasibility Study — Debris and Sediment Volume Assessment
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1.1 PAST EVENTS

There is no documentation for the debris flow history within Neffs Canyon, however, the history of the
neighboring areas is well documented and can be used to better understand the regional recurrence of
debris flow events. Along the Wasatch Front, debris flows generally initiate on steep slopes or in
channels, onset by intense rainfall (or “cloudburst events”) or rapid snowmelt (Giraud, 2005). The term
cloudburst is usually used to designate a torrential downpour of rain, characterized by short interval,
high-intensity precipitation (Woolley et al., 1946). Historical records of sedimentation events in Utah
indicate that debris flows in this region can be highly variable in terms of their size, travel distance, and
depositional behavior, which are all largely functions of the size, slope, vegetation cover, geology of
their source basin, and intensity and duration of contributing precipitation events (Giraud, 2005).

In nearby Davis County an example of a rapid snowmelt induced event occurred in the spring of 1983,
where rising temperatures triggered landslides that transformed into debris flows along the Wasatch
Front from Willard to Salt Lake City (Wieczorek et al., 1983). The most significant of these flows occurred
in Lower Rudd Canyon, where an estimated total of 83,700 cubic yards (52 acre-ft) of material were
deposited at the mouth of Rudd Creek, 15-18% of which was contributed by the landslide, the rest
coming from channel scour. The events of this storm motivated the researchers to evaluate the history
and future potential of debris flows and debris floods in the surrounding canyons. The historic flows
documented in this study all occurred within Davis County and range in volume from about 1,300 to
84,000 cubic yards (or 0.8 to 52 acre-feet). The estimated potential volumes range from 2,600 to
140,000 cubic yards (or 1.6 to 87 acre-ft), depending on the canyon of interest. However, Wieczorek et
al. (1983) noted that most of the debris flows that mobilized during the 1983 event originated from
basins underlain by the Farmington Canyon complex geologic formation common to Davis County. The
gneiss and schist of this unit commonly decompose to zones of clayey material prone to landslides. In
contrast, the limestone and quartzite that underlays Neffs Canyon do not have the same proclivity to
slope failure, indicating that debris flow initiation may not occur in the same manner.

In September 1991, a cloudburst storm induced event occurred in Slide Canyon, located at the base of
the west-facing Wasatch Mountains in North Odgen, Utah (Mulvey and Lowe, 1991; Vaughn, 1997).
Rainfall totaling 8.4 inches fell within a 24-hr period, setting a new state precipitation record and was
estimated to be equivalent to a 1,000-year storm (Mulvey and Lowe, 1991). Slide Canyon is a small,
third-order drainage basin with a surface area of approximately 0.30 square miles. The channel slopes of
this canyon average 30% in the lower reaches and 48% in the higher reaches. Similar to Neffs Canyon,
this area is underlain by Tintic Quartzite. Volume estimates of this debris flow indicate that the event
moved approximately 26,000 to 28,000 cubic yards (or 16 to 17 acre-ft) of material (Mulvey and Lowe,
1991; Vaughn, 1997).

Neffs Creek Debris Basin Feasibility Study — Debris and Sediment Volume Assessment



2 EMPIRICAL VOLUME ESTIMATES

Several empirical methods and equations were used to better understand the debris flow volume that
could be evacuated from Neffs Canyon in a high runoff event. The first method comes from the Army
Corps of Engineers, Los Angeles District Method for Prediction of Debris Yield, Equation 2 (USACE, 1992).
This debris flow volume estimation is calculated by the following equation:

Log Dy = 0.65(Log P) + 0.62(Log RR) +0.18 (Log A) + 0.12 (FF)

Dy = Unit Debris Yield (yd3/mi?),

P = Maximum 1-hr Precipitation (in)
RR = Relief Ratio (ft/mi)

A = Drainage Area (acres)

FF = Non-dimensional Fire Factor

Q = Unit Peak Runoff (ft3/s/mi?)

Adjustment factors are also made for local characteristics such as parent material, soil, channel
morphology, and hillslope morphology. The values of these adjustment factors can be found within
Appendix B of USACE, 1992. Unit Peak Runoff (Q) was computed using U.S. Geological Survey regression
equation data (StreamStats) (regression equation Region 2). One of the regression equation Region 2
input variables is mean annual precipitation (inches). Mean annual precipitation for the Neffs Canyon
watershed was obtained from Oregan State University PRISM Climate Group data®. The PRISM mean
annual precipitation value for the Neffs Canyon watershed is 35 inches. Applying the USACE Equation 2
to the Neffs Canyon Watershed results in potential 100-year and 500-year recurrence interval debris
yield volume estimates listed in Table 1.

Table 1. USACE Equation 2 debris yield estimates

100-Year Debris Volume Estimate 500-Year Debris Volume Estimate
[USACE Equation 2] [USACE Equation 2]
ac-ft ac-ft
8 11

The following empirical methods come from a study by Hungr et al. (1984). The first of which uses
empirical relationships based on channel gradient, bed material, side slope conditions, and stability
conditions to determine a range of channel debris yield rates (m3/m). A debris volume is estimated by
multiplying this rate by the contributing channel length. Based on the field and quantitative assessment
of the channels of interest, The Neffs Canyon channels were considered type “B”, indicating a channel
debris yield rate of 5 (lower limit) to 10 (upper limit) m3*/m. Using the lengths of the three main
channels, results of this method indicate a potential total debris flow volume of 36 to 73 ac-ft.

L https://prism.oregonstate.edu/normals/
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The second method incorporates the drainage area and a channel erodibility coefficient of the
contributing channels to estimate debris flow volume potential. The channel erodibility coefficient is
also based on channel gradient, bed material, side slope conditions, and stability conditions. The “B”
channel type classification indicates the use of a 5 to 10 m3/m*km? channel erodibility coefficient. The
equation for this estimate is:

V=A% *e

V = volume (m3)

A = drainage area (km?)

L = channel length (m)

e = channel erodibility coefficient (m3/m*km?)

This method provides a debris flow volume range of 64 to 128 ac-ft. The channel lengths and drainage
areas used to calculate these two volume estimates are listed in Table 2.

Table 2. Channel lengths and drainage areas used for Hungr et al. (1984) volume estimates

Length (m) | Drainage Area (km?)

Neffs Creek 4027 4.3
Unnamed Tributary 2876 2.2
North Fork 2029 25

A previous study performed in 2005 by Applied Geotechnical Engineering Consultants (AGEC) also
investigated the potential debris flow volume that could be evacuated from Neffs Canyon in a high
runoff event. That analysis used the empirical equations from the Hungr et al. (1984) study, however,
they included all the tributary channels within the watershed, whereas the present study only used the
three main channels based on the field assessment that indicated the debris would be dominantly
sourced from these channels. The total volume of debris flow calculated using their methods, denoted
as Method A and Method B, were 154,700 cubic yards (96 ac-ft) and 148,200 cubic yards (92 ac-ft),
respectively. The AGEC report suggests that approximately 13,000 cubic yards of material could be
deposited in the lower slope reaches of the watershed, leaving approximately 141,700 cubic yards (87
ac-ft) and 135,200 cubic yards (84 ac-ft) of material to be transported to a debris basin near the canyon
mouth.

The 2007 Neffs Canyon Creek Master Plan (Hansen, Allen & Luce, 2007) evaluated the AGEC (2005) study
and provided the following conclusions:

It is difficult to assign a probability to the potential debris flow events. In discussion with the
geologist and Salt Lake County, it was decided that taking the average of the predicted debris
flow from the largest channel segment, upper Neffs Canyon, [(35,000 + 58,600)/2] = 46,800
cubic yards and subtracting the estimated deposition in the lower reach (13,000 cubic yards)
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provides an estimated debris flow volume (33,800 cubic yards) which may be an appropriate
design volume for facilities with the objective of providing protection to developed areas below
the canyon mouth. The design debris flow volume (33,800 cubic yards) is about 21 acre-feet.

The final method utilized in this analysis estimates the total yearly, non-debris flow sediment yield for a
given canyon based on its drainage area. This value comes from empirical relationships synthesized by
the Bureau of Reclamation, using the chart shown in Figure 4 to estimate sediment yield (BUREC, 1987).
This method estimated a yearly sediment yield, exclusive of debris flows, of 4 ac-ft.

A= DRAINAGE AREA, IN SQUARE MILES
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Figure 4. Average annual sediment yield rate versus drainage area size. From BUREC, 1987
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3 FIELD INVESTIGATION

JEF conducted a field investigation of the Neffs Canyon watershed in August 2021 to observe existing
conditions of the three main channels. The channels rapidly increase in slope as illustrated in Figure 2.
Debris loading of the channels was found to increase significantly in the upstream direction. The lower
channel reaches exhibit minimal debris loading. The middle and upper reaches contain a substantial
volume of debris loaded in the channel corridors, especially in the pool sequences. Field photos are
included in Appendix A. The heavy debris loading indicates Neffs Canyon has not experienced a storm or
rapid snowmelt event within recent time with the intensity to mobilize and transport the debris to the
lower reaches or out of the canyon. The three main criteria for mobilization of a debris flow event are 1)
slope, 2) channel confinement, and 3) debris availability in the channels. Neffs Canyon exhibits all three
criteria and is poised for a debris flow event(s) under a triggering meteorological condition, or in a post-
wildfire watershed condition.
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4 SUMMARY

Table 3 summarizes the ranges of calculated debris flow volumes based on the methods described in
this report. The predicted volumes of these methods range from 8 to 128 ac-ft. This equates to
approximately 0.4 to 7 cubic yards of sediment per foot of channel length. Although a significant
volume, it is far less than the relationship given by Williams and Lowe (1990), where they estimate an
average contributing debris volume of 12 cubic yards per foot of channel for the canyons of Davis
County. Additionally, these volumes represent an event such that the entire Neffs Canyon drainage
basin contributes debris. It is possible that a localized, high-intensity storm event could occur on only a
portion of the Neffs Canyon watershed, triggering debris mobilization from only a single channel.

The sub-basins of Neffs Canyon are more comparable to Slide Canyon as they are more similar in size,
channel gradient, and underlying lithology. The 1991 event in Slide Canyon mobilized an estimated
26,000 to 28,000 cubic yards (16 to 17 ac-ft) of material (Mulvey and Lowe, 1991; Vaughn, 1997), giving
a reference amount to the potential volume that could evacuate in one of the Neffs Canyon sub-basins
during a similar storm (1,000 year recurrent interval estimate).

A recent hydrologic assessment of the Neffs Canyon watershed estimated the 100-year peak runoff
volume to be 33 ac-ft (Bowen Collins, 2021). A comparison of this water volume to the non-recurrence
interval-based methods listed in Table 3 suggests that a recurrence interval event much higher than the
100-year would be required to mobilize the debris volume estimates in excess of 33 ac-ft.

Given that the USACE (1992) methodology is recurrence interval storm-based, it is the most appropriate
method to use with recurrence interval-based hydrologic analyses. The results of the USACE
methodology indicate a 100-year storm could produce up to 8 ac-ft of debris volume, and a 500-year
storm could produce up to 11 ac-ft of debris volume.
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Table 3. Summary of debris flow volume estimations

Method Sed Type Volume - lower limit | Volume - upper limit Recurrence
(ac-ft) (ac-ft) Interval
USACE, 1992 - LA District Method, . 100-Year |
. Debris flow volume 8 11
Equation 2 500-Year
Hungr et al., 1984 - Method 1 Debris flow volume 36 73 N/A
Hungr et al., 1984 - Method 2 Debris flow volume 64 128 N/A
AGEC, 2005 — Method A Debris flow volume 87 N/A N/A
AGEC, 2005 — Method B Debris flow volume 84 N/A N/A
Hansen, Allen & Luce (2007) Debris flow volume 21 N/A N/A
Average 50 71
Median 50 73
Non debris fl
BUREC, 1987 - Design of Small Dams | o1 oot IOW 4 N/A N/A
sediment yield per year
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5 LIMITATIONS AND ASSUMPTIONS

e This analysis considered existing watershed conditions. Neffs Canyon is susceptible to wildfire
risk. In a post-wildfire condition, debris flow risk to life and property downstream of the canyon
mouth increases significantly. Recent wildfires in the Wasatch Range have resulted in debris
flow and mudflows that have adversely impacted downstream communities (ex. Alpine, 2013).
It is recommended that a future debris basin design for Neffs Canyon consider a post-wildfire
watershed condition.

e This analysis was conducted as part of a feasibility study for a potential debris basin near the

Neffs Canyon mouth. A more detailed debris volume analysis is needed to support a final basin
design.
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Conceptual Construction Costs for Alternative 1 - Dam/Debris Basin

with New Storm Drain

Item Classification of Unit Price Work Quantity Unit Unit Price Amount
1 Mobilization (5% of Subtotal) 1 LS $799,500 $799,500
2 Site Prep / survey / misc 1 LS $196,800 $196,800
3 Clear and Grub basin/future parking lot 18,000 SY $5.35 $96,300
4 SWPPP 1 LS $11,800 $11,800
5 Traffic Control 1 LS $164,500 $164,500
6 Debris Basin Excavation 31,880 CY $15 $478,200
7 Foundation Excavation 15,208 CY $18 $273,744
8 Embankment Fill 9,539 CYy $24 $228,936
9 Stilling Basin at Bottom of Spillway 9,000 cY $18 $162,000
Excavation
10 | Auxiliary Spillway Excavation 1,250 CY $24 $30,000
11 | Auxiliary Spillway 1 EA $705,000 | $705,000
12 | Stepped Spillway 2 EA $235,000 $470,000
13 Excess Material Haul Off 13,330 CYy $26 $346,580
14 | Access Road 600 LF $24 $14,400
15 Neffs Diversion Structure 1 EA $293,300 $293,300
16 {:Ilsetsill Type 'G' Cap on Dam Embankment 385 LF $59 $22.715
17 | Type 'R' Drain Gravel 2,300 CYy $106 $243,800
18 | Type 'Q' Filter Sand 1,300 CYy $106 $137,800
19 Clay Core 8,556 CY $141 $1,206,396
20 | Manhole Access for Drain Pipe 1 EA $18,200 $18,200
21 | 6-inch Toe Drain Pipe (Perforated) 770 LF $65 $50,050
22 Outlet Structure 1 LS $293,800 $293,800
23 48" RCP Dam Qutlet Pipe 800 LF $790 $632,000
24 Turf Reinforced Mat 4,065 SY $120 $487,763
Stilling Basins, Low Flow Channel Riprap,
25 Eastern Slope of Embankment Riprap 2,633 CY $180 $473,871
26 Restoration 1 LS $47,000 $47,000
27 Storm Drain RCP Pipe (36") 7,500 LF $450 $3,375,000
28 | Catch Basins 50 EA $7,600 $380,000
29 | Catch Basin Pipe (18") 1,000 LF $280 | $280,000
30 | Asphalt Replacement 150,000 SF $12 | $1,800,000
31 Manhole 50 EA $18,200 $910,000
32 Utility Relocation 1 LS $499,400 $499,400
Subtotal $16,260,831
Contingency 20% $3,252,166
Engineering 12% $1,951,300
USFS Environmental Document $200,000
Total Project Cost (rounded to nearest $1,000) $21,665,000




Conceptual Construction Costs for Alternative 2 - Dam/Debris Basin
and Neffs Creek Channel Improvements

Item Classification of Unit Price Work Quantity | Unit Unit Price Amount
1 Mobilization (5% of Subtotal) 1 LS $507,600 $507,600
2 Site Prep / survey / misc 1 LS $212,600 $212,600
3 Clear and Grub basin/future parking lot 18,000 SY $5.80 $104,400
4 SWPP 1 LS $12,700 $12,700
5 Traffic Control 1 LS $63,500 $63,500
6 Debris Basin Excavation 31,880 CY $16 $510,080
7 Foundation Excavation 15,208 CY $19 $288,952
8 Embankment Fill 9,539 CY $25 $238,475
9 Stilling Basin at Bottom of Spillway 9,000 cy $19 $171,000
Excavation
10 | Auxiliary Spillway Excavation 1,250 CY $25 $31,250
11 Auxiliary Spillway 1 EA $761,400 $761,400
12 | Stepped Spillway 2 EA $253,800 $507,600
13 Excess Material Haul Off 13,330 CY $28 $373,240
14 Access Road 600 LF $25 $15,000
15 Neffs Diversion Structure 1 EA $317,300 $317,300
16 {:Ilsetsill Type 'G' Cap on Dam Embankment 385 LF $63 $24,255
17 | Type 'R' Drain Gravel 2,300 CY $114 $262,200
18 Type 'Q' Filter Sand 1,300 CY $114 $148,200
19 Clay Core 8,556 CY $152 $1,300,512
20 Manhole Access for Drain Pipe 1 EA $19,700 $19,700
21 | 6-inch Toe Drain Pipe (Perforated) 770 LF $70 $53,900
22 Outlet Structure 1 LS $317,300 $317,300
23 | 48" RCP Dam Outlet Pipe 800 LF $860 $688,000
24 | Turf Reinforced Mat 4,065 SY $130 $528,410
Stilling Basins, Low Flow Channel Riprap,
25 Eastern Slope of Embankment Riprap 2/633 Y $190 $500,197
26 Restoration 1 LS $50,800 $50,800
27 | Pipe (36") ([Pipe Only) 1,710 LF $490 | $837,900
28 Catch Basins 17 EA $8,200 $139,400
29 | Catch Basins Pipe (18") 340 LF $300 $102,000
30 | Asphalt Replacement 15,390 SF $13 $200,070
31 Manhole 17 EA $19,700 $334,900
32 Utility Relocation 1 LS $539,400 $539,400
33 Concrete Box Culverts 1 LS $1,868,100 $1,868,100
34 Property Acquisition 10 AC $253,800 $2,592,769
35 Channel Improvements 1 LS $4,866,800 $4,866,800
Subtotal $18,665,309
Contingency 20% $3,733,062
Engineering 12% $2,239,837
USFS Environmental Document $200,000
Total Project Cost (rounded to nearest $1,000) $24,939,000




Conceptual Construction Costs for Alternative 3 - Below-Grade Debris
Basin and New Storm Drain

Item Classification of Unit Price Work Quantity Unit Unit Price Amount
1 Mobilization (5% of Subtotal) 1 LS $723,400 $723,400
2 Site Prep / survey / misc 1 LS $212,600 $212,600
3 Clearing & Grubbing (basin area) 33,000 SY $5.90 $194,700
Reseeding (basin area minus
4 existing/future parking lot areas, also 17,500 SY $4.10 $71,750
basin area)
5 SWPPP 1 LS $31,700 $31,700
6 Traffic Control 1 LS $177,700 $177,700
7 Debris Basin Excavation 75,965 CYy $20 | $1,519,300
8 Excess Material Haul Off 62,350 CY $28 | $1,745,800
9 Access Road 820 LF $26 $21,320
10 | Stepped Spillway 2 EA $253,800 | $507,600
11 Pond Outlet Structure 1 LS $317,300 $317,300
12 48" RCP Pond Outlet Pipe 800 LF $860 $688,000
13 | Turf Reinforcing Mat 2,710 SY $100 $271,000
14 Revegetate Disturbed Areas in Basins 2,710 SY $13 $35,230
15 | Pond Embankment Liner 400 CY $82 $32,800
16 Neffs Creek Diversion Structure 1 EA $317,300 $317,300
17 St.illing Basins and Low Flow Channel 485 cY $190 $92,150
Riprap
18 | Storm Drain RCP Pipe (36") 7,500 LF $490 | $3,675,000
19 Catch Basins 50 EA $8,200 $410,000
20 Catch Basin Pipe (18") 1,000 LF $290 $290,000
21 Asphalt Replacement 150,000 SF $13 | $1,950,000
22 Manhole 50 EA $19,700 $985,000
23 Utility Relocation 1 LS $539,400 $539,400
Subtotal $14,809,050
Contingency 20% $2,961,810
Engineering 12% $1,777,086
USFS Environmental Document $200,000
Total Project Cost (rounded to nearest $1,000) $19,748,000




Conceptual Construction Costs for Alternative 4 - Below-Grade Debris
Basin and Neffs Creek Channel Improvements

Item Classification of Unit Price Work Quantity Unit Unit Price Amount
1 Mobilization (5% of Subtotal) 1 LS $901,000 $901,000
2 Site Prep / survey / misc 1 LS $212,600 $212,600
3 Clearing & Grubbing (basin area) 33,000 SY $5.80 $191,400
Reseeding (basin area minus
4 existing/future parking lot areas, also 17,500 SY $4.00 $70,000
basin area)
5 SWPP 1 LS $12,700 $12,700
6 Traffic Control 1 LS $63,500 $63,500
7 Debris Basin Excavation 75,965 CYy $19 | $1,443,335
8 Excess Material Haul Off 62,350 CY $28 $1,745,800
9 Access Road 820 LF $25 $20,500
10 Stepped Spillway 2 EA $253,800 $507,600
11 Pond Outlet Structure 1 LS $317,300 $317,300
12 48" RCP Pond Outlet Pipe 800 LF $860 $688,000
13 Turf Reinforcing Mat 2,710 SY $130 $352,300
14 Revegetate Disturbed Areas in Basins 2,710 SY $13 $35,230
15 Pond Embankment Liner 400 CYy $82 $32,800
16 Neffs Creek Diversion Structure 1 EA $317,300 $317,300
17 St.illing Basins and Low Flow Channel 485 cY $190 $92,150
Riprap
18 Pipe (36") ([Pipe Only) 1,710 LF $490 $837,900
19 Catch Basins 17 EA $8,200 $139,400
20 | Catch Basins Pipe (18") 340 LF $298 $101,388
21 Asphalt Replacement 15,390 SF $13 $200,070
22 Manhole 17 EA $19,700 $334,900
23 Utility Relocation 1 LS $539,400 $539,400
24 Concrete Box Culverts 1 LS $1,868,100 $1,868,100
25 Property Acquisition 10 AC $253,800 $2,538,000
26 Channel Improvements 1 LS $4,866,800 | $4,866,800
Subtotal $18,416,773
Contingency 20% $3,683,355
Engineering 12% $2,210,013
USFS Environmental Document $200,000
Total Project Cost (rounded to nearest $1,000) $24,511,000
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VIEW FROM THE SOUTHEAS
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Millcreek, Utah

Neffs Canyon Debris Basin Feasibility Study

Public Meeting

Project Information

Neffs Creek, located in the southeast portion of Millcreek, is
part of an active alluvial fan that was recently studied by the
Federal Emergency Management Agency (FEMA) to better
define the alluvial fan flood hazards in the area. The updated
Flood Insurance Rate Map (FIRM) went into effect in
November 2021. An active alluvial fan on a FIRM has several
ramifications that include the requirement to purchase flood
insurance for properties with mortgages and restrictive
building requirements (i.e. no walk out basements, remodels
must be less than 50% of fair market value of the structure or
the entire structure must be brought up to current FEMA zone
requirements, and new construction must meet FEMA
building restrictions). The only way to remove the alluvial fan
flood hazards from the FEMA FIRM is to design and construct
a structural flood mitigation facility at the apex of the fan which
will collect debris and remove the flood flow path uncertainties
associated with alluvial fans.

Purpose of Study

Public Meeting

The public is invited to
attend, discuss, and submit
comments during the public
meeting.

December 15, 2021
Time: 6:00 to 7:30 pm
Millcreek City Hall
Promise Room

3330 South 1300 East
Millcreek, Utah

Written comments must be
received by
February 28, 2022

Contact Information

All comments regarding this
Project should be direct to:

Dan Drumiler, P.E.

Millcreek City

Address: 3330 South 1300
East

Millcreek, UT 84106

Phone (801) 214-2714
Email:ddrumiler@millcreek.us

Comments may be mailed or
emailed to the above address
on or prior to February 28,
2022.

The purpose of the Neffs Canyon Debris Basin Feasibility Study is to evaluate alternative methods that could potentially be

implemented to:

e Mitigate the recurring flood problems and possible debris flow hazards associated with the Neffs Creek alluvial fan, and
e Eliminate the alluvial fan floodplain recently defined on the FEMA FIRM.

Constraints for Flood Mitigation Alternatives

Each of the potential flood mitigation alternatives considered in this study met the following constraints:

arwbdPE

debris flows, etc.)

o

new FEMA FIRM.
Mitigation Alternatives

Project improvements could not impact USFS Wilderness area
Project improvements could not impact existing homes and structures on private property
The project improvements on USFS land must meet USFS requirements
Flows up to 15 cfs would be maintained in the existing channel during periods of runoff on Neffs Creek

Improvements would need to address site geologic and geotechnical issues (Wasatch Fault, landslides, limited

Improvements would eliminate the alluvial fan flood hazards associated with a 100-year runoff event defined on the

Five mitigation alternatives were evaluated that could potentially mitigate the recurring flooding and existing debris flow
hazards associated with the Neffs Creek alluvial fan which would allow the Neffs Creek alluvial fan flood hazards on the
new FEMA FIRM to be eliminated. The alternatives considered include the construction of dry detention/debris basins on
USFS land that would convey runoff from a typical 100-year flood event and convey runoff from a typical 500-year flood
event to a point where it could be partially dispersed into city streets. The mitigation alternatives analyzed include:

Debris Basin Dam and Storm Drain in Street
Debris Basin Dam and Improve Existing Channel
Below-Grade Debris Basin and Storm Drain in Street

Debris Basin in Wilderness Area (Currently Not Feasible)

1
2
3.
4. Below-Grade Debris Basin and Improve Existing Channel
5
A

Do Nothing (No Mitigation) was also considered.




Neffs Canyon Debris Basin Feasibility Study
Public Meeting

Recommended Alternative

The Below-Grade Debris Basin and Storm Drain in Street is the recommended flood mitigation alternative. This alternative
includes the construction of a debris/detention basin at the apex of the alluvial fan. The outlet pipeline from that facility would
connect to a new storm drain that would be constructed in public streets. The proposed new storm drain would convey
runoff from at least the 100-year flood event to a point where it would discharge into Neffs Creek near Wasatch Blvd. A
schematic of the recommended alternative is shown below.

LEGEND

~— Pipe Alternative
l —— Existing Storm Drain
~ Historic Neffs Creek
Neffs Creek
% Stepped Spilway
[ timits of Grading
Forest Service Land
- Wilderness Area

’ HISTORIC NEFFS CHAN
e 2 ’ J Z

1

| USE MATERIAL EXCAVATED FROM
| BASIN AS FILL FOR PARKING LOT.
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— 9
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This is the preferred alternative since it has minimal visual impacts, has fewer property impacts to residents adjacent to the
creek downstream, the alternative could include an improved canyon trailhead parking lot with firefighting facilities for public
lands, and it has the lowest estimated construction cost.

What Happens Next?

The following steps must be completed to proceed with the implementing the recommended flood mitigation alternative:

¢ Obtain conditional approval from FEMA that proposed improvements will mitigate the 100-year flood hazard

e Obtain funds for final design and construction (complete an environmental assessment for the USFS, work out
permits/issues with USFS, obtain needed pipeline easements on private property, complete final design)

e Perform a more detailed geologic/geotechnical analyses

e Construct the debris basin and storm drain

e Obtain a Letter of Map Revision from FEMA to eliminate alluvial fan 100-year flood hazard




Neffs Canyon Debris Basin Feasibility Study

Performed for Millcreek

Presented by:
Bowen Collins & Associates and Millcreek

December 15, 2021



e Purpose of Study

* History of Neffs Creek Flood Problems
* Alluvial Fan Flood Hazards

* Constraints for Mitigation Methods

* Flood Mitigation Alternatives

* Next Steps

* Answer Questions



 Evaluate the feasibility of
alternative methods to mitigate
the reoccurring flood problems
and possible debris flow hazards
associated with the Neffs Creek
alluvial fan.
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“Fan”- shaped area where silt, sand, gravel,
boulders and woody debris are deposited by rivers
and streams over a long period of time. Canyon

e Associated Flood hazards

— Braided, unpredictable flow paths
— High-velocity flow

Alluvial Fan

— Erosion and scour

— Sediment transport and deposition
— Debris flow

— Mud flow

— Flash flooding

— Sheet flow

* New Flood Insurance Rate Map (FIRM) reflects
updated regulatory flood zones

Source: FEMA



FEMA-Based
Flood Hazard Description of Mapped Flood Hazard
Designation

Zone X (shaded) | Average 100-year flow depth between 0.5’ and 1.0’.

Ultrahazardous zone near the alluvial fan topographic
apex. Area subject to the highest degree of flowpath
uncertainty. In other areas where the average flow
depths are greater than 3 feet. Approximate 100-year
floodplain. (No flood depths defined)

100-year flow depth between 1.5 foot and 2.5 feet.
Average flow velocities of 1 foot/second.

100-year flow depth between 1.5 feet and 2.5 feet.

A A0 Average flow velocities of 2 feet/second.

100-year flow depth between 1.5 feet and 2.5 feet.

AR AP Average flow velocities of 3 feet/second.

100-year flow depth between 2.5 feet and 3.0 feet.
Average flow velocities of 3 feet/second.

100-year flow depth between 2.5 feet and 3.0 feet.
Average flow velocities of 4 feet/second.

Zone AO3,4




 Safely convey runoff from 100-yr flood

* Avoid Improvements in USFS
Wilderness Area

* Do Not Impact Existing Homes and
Structures

* Meet USFS Requirements (Permitting,
etc.)

* Maintain Existing Channel (up to 15 cfs)

» Address Geologic/Geotechnical Issues
— Wasatch Fault
— Landslide Potential
— Regulatory Issues (Dam Safety)

\‘

:1

PrOJect Location l
(lelted Area)

. \/

.| Private f
Property

o I

. A9 Wilderness
Homes | Area

Forest SerV|ce La nd

\ Historic
Flowpath

EX|st|ng Active
Creek Channel




* Design to solve two problems — reoccurring flooding and existing debris flow
hazards

Mitigation Alternatives include:

1. Debris Basin Dam and Storm Drain in Street

2. Debris Basin Dam and Improve Existing Channel

3. Below-Grade Debris Basin and Storm Drain in Street

4. Below-Grade Debris Basin and Improve Existing Channel

5. Debris Basin in Wilderness Area (Currently Not Feasible)

Or ...

6. Do Nothing (No Mitigation)




The flood hazards on the new FEMA map are based on a 100-year flood
discharge of 300 cubic ft per second (cfs)

A new scientific analysis shows that the peak 100-year flood discharge
should be reduced to about 107 cfs

Lower number better matches discharges for nearby gaged streams

Although the new 100-yr discharge is lower, updating the FEMA floodplain
map with the lower discharge would not likely result in a smaller active fan
floodplain footprint

Alternative design is based on the 100-year design discharge of 107 cfs and
228 cfs for the 500-year flood event.



e Debris Basin Dam and Storm

Drain

— Dam at apex of alluvial fan

— Debris basin outlet connects
to new storm drain pipe

— Storm drain follows road and
discharges into Neffs Creek
storm drain at Wasatch Blvd

— Maintain discharges up to
about 15 cfs in existing creek
channel
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e Debris Basin Dam and

Channel Improvements

— Dam at apex of alluvial fan

— Debris basin outlet connects
to storm drain pipe

— Storm drain follows road
and discharges into Neffs
Creek at Parkview Drive

— Channel Improvements
below Parkview Drive

— Maintain discharges up to
about 15 cfs in downstream
creek channel

LEGEND
| Pipe Alternative
Channel Alternative
~— Historic Neffs Creek
Neffs Creek
@ Neffs Creek Culvert Crossings
SNl 7777 stepped Spillway
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* Below-Grade Debris Basin

and Storm Drain

— Basin at apex of alluvial fan

— QOutlet of debris basin
connects to storm drain

— Storm drain follows road and
discharges into Neffs Creek
storm drain at Wasatch Blvd

— Maintain discharges up to
about 15 cfs in existing creek
channel
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 Below-Grade Debris Basin

and Channel

—Basin at apex of alluvial fan

— Qutlet of basin connects to
storm drain

—Storm drain follows road and
discharges into Neffs Creek at
Parkview Drive

— Channel Improvements
below Parkview Drive

—Maintain discharges up to
about 15 cfs in downstream
creek channel

Y| AR T B T o L Sl Oy TR |
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~ Pipe Alternative
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. 2
Do X

* Debris Basin in Wilderness Area SRR
. . | Private [
—Not feasible without act of -:;j

Congress X 2\ ~ : -' Historic
. . R s £ (Natural)
—Still need improvements below the AR Flowpath
debris basin to convey flood flow " SRR T st

safely past existing homes and to AR e

@

. & Existing | | e
Neffs Creek storm drain. ,,, AN\
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* Do Nothing .......

—Hazards stay the same

—Cannot revise floodplain maps

—Flood Insurance Requirements (SSS)

—Restrictive Building requirements

—Rebuilds must meet new building restrictions

—Current Fire Station serving the Mount Olympus
area cannot be replaced with a new building
under current restrictions

15
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Millcreek Debris Basin

Section
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BE RESEEDED WITH
NATIVE GRASSES

Prepared by Bowen Collins & Associates |
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*\Video of Below-Grade Debris Basin 3D Rendering



* Fire —if a large fire occurs, the
recommended basin may be
undersized to protect homes from a
debris flow

* While the debris basin may be
undersized for a large post-fire
runoff event, the available area is
being utilized to the maximum
extent that is practicable.
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* Obtain conditional approval from FEMA that proposed improvements
will mitigate the 100-year flood hazard

e Obtain funds for final design and construction
—Complete an environmental assessment for the USFS
—Work out permits/issues with USFS
—Obtain needed pipeline easements on private property
—Complete final design

* Perform a more detailed geologic/geotechnical analysis

* Construct the debris basin and storm drain

* Obtain a Letter of Map Revision from FEMA to eliminate alluvial fan
100-year flood hazard



Questions?

Or Email Dan Drumiler at:

ddrumiler@millcreek.us
by end of February 2022



mailto:ddrumiler@millcreek.us

DRAPER, UTAH OFFICE
154 E 14075 S

DRAPER, UTAH 84020
PHONE: 801.495.2224

BOISE, IDAHO OFFICE
776 E RIVERSIDE DRIVE
SUITE 250

EAGLE, IDAHO 83616
PHONE: 208.939.9561

ST. GEORGE, UTAH OFFICE
20 NORTH MAIN

SUITE 107

ST.GEORGE, UTAH 84770
PHONE: 435.656.3299

OGDEN, UTAH OFFICE
2036 LINCOLN AVENUE
SUITE 104

OGDEN, UTAH 84401
PHONE: 801.495.2224

WWW.BOWENCOLLINS.COM
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