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1.0 Introduction 
There are significant flooding issues in Sevier County in and around the Richfield City area. The proposed 
solutions to mitigate these issues involve the construction of several detention/debris basins, flood 
channels, and overflow structures. The feasibility of constructing debris basins at Flat Canyon, Lind 
Canyon, Tank Canyon, and Wood Canyon was evaluated. A smaller sediment/debris trap structure was 
also considered at the mouth of Wood Canyon. The project would also require existing flood channels to 
be improved and extended, as the channels would receive attenuated flood waters from other hydraulic 
structures. Table 1-1 summarizes the applicable design standards that were considered for design. 

Table 1-1. Design Criteria Considered for Each Project Element 

Design Criteria & Practice 
Standards 

Flat, Lind, Tank, and Wood 
Canyons Debris Basins 

Wood Canyon 
Sediment 

Control Basin 

North 
Flood 

Channel 

South 
Flood 

Channel 

NRCS Technical Release 210-60 (TR-
60) 

X    

Sedimentation Design 
Criteria X    

Earth Embankments Design 
Criteria X    

Principal Spillway Design 
Criteria X    

Auxiliary Spillway Design 
Criteria X    

Utah Administrative Code R655 X    

R655-11-6: Embankment 
Requirements X    

R655-11-7: Outlet 
Requirements X    

R655-11-8 Spillway 
Requirements X    

NRCS Conservation Practice 
Standard (CPS) Structure for Water 
Control (Code 587) 

  X X 

NRCS CPS Open Channel (Code 582)    X X 

NRCS CPS Water and Sediment 
Control Basin (Code 638)   X   

NRCS CPS Lined Waterway or 
Outlet (Code 468)   X X 
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2.0 Design Criteria 

2.1 NRCS Technical Release 210-60 (TR-60) 
TR-60 (NRCS 2019) provides minimum requirements for planning and designing earth dams and 
associated spillways. TR-60 applies to “all low hazard potential dams with a product of effective storage 
times the effective height of the dam of 3,000 acre-feet2 or more, dams more than 35 feet in effective 
height, and all significant and high hazard dams.” This standard includes criteria on dam hazard 
classification, design storms, freeboard, sedimentation, drawdown, embankment, and spillways. The 
guidelines also reference other applicable standards and requirements not listed here. 

2.2 Utah Administrative Code R655 
The following rules are the Utah Dam Safety standards that are applicable for detention/debris basins 
that are also considered dams. 

 Utah Administrative Code “R655-10: Dam Safety Classifications, Approval Procedures and 
Independent Reviews” outlines the procedures necessary to obtain approval to design, 
construct, operate, and remove a dam (UAC 2016a). 

 Utah Administrative Code “R655-11: Requirements for the Design, Construction and 
Abandonment of Dams” outlines the minimum design requirements for dams constructed in 
Utah (UAC 2016b). 

 Utah Administrative Code “R655-12: Requirements for Operational Dams” outlines the 
minimum operational requirements for dams (UAC 2016c). 

2.3 NRCS National Engineering Handbook (NEH) 
The National Engineering Handbook (NEH; NRCS 2010a) provides design criteria for a number of 
different engineering applications. 

2.4 NRCS Conservation Practice Standards (CPS) 
NRCS conservation practice standards contain information on why and where each practice is applied, 
and set forth the minimum planning criteria that must be met during the implementation of each 
practice in order for it to achieve its intended purposes. The following CPS are considered for this 
project 

2.4.1 Structure for Water Control (Code 587) 

CPS Code 587 (NRCS 2017a) provides the minimum design criteria for water management systems that 
control the stage, discharge, distribution, delivery, or direction of water flow. The proposed design 
contains several culverts and hydraulic structures such as overflow weirs, dump gates, and overshot 
structures. 

2.4.2 Open Channel (Code 582) 

CPS Code 582 provides the minimum design criteria for improvement, construction, and restoration of 
open channels (NRCS 2015). The proposed project contains two flood channels. Both flood channels 
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require improvement and restoration of their existing condition. New portions of these flood channels 
would also be constructed to improve flood management and water conveyance. 

2.4.3 Water and Sediment Control Basin (Code 638) 

CPS Code 638 provides the minimum design criteria for water and sediment control basins (NRCS 
2017b). The purpose of these sediment basins is to trap sediment and reduce and manage runoff. The 
proposed design contains two sediment control basins to be located below Wood Canyon to trap 
sediment and reduce runoff into the Sevier Valley Canal. 

2.4.4 Lined Waterway or Outlet (Code 468) 

CPS Code 468 describes the minimum design criteria for lined waterways or outlets (NRCS 2010b). One 
purpose is to provide for safe conveyance of runoff from structures without causing erosion or flooding. 
The design considers armoring of flood channels to prevent erosion.  

3.0 References 
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–––. 2017b. CPS Water and Sediment Control Basin (Code 638). October 2017. 

–––. 2019. Technical Release 210-60: Earth Dams and Reservoirs (TR-60). 

Utah Administrative Code (UAC). 2016a. R655-10: Dam Safety Classifications, Approval Procedures and 
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1.0 Design Storms 
This hydrology analysis focuses primarily on Flat Canyon. This report summarizes the hydrology approach 
at large, but primarily focuses on the analysis related to sizing a debris basin for Flat Canyon. However, the 
hydrology for frequency storms used to complete the economics and sizing of improvements other than 
debris basins is also documented for Flat Canyons.  

The design storms used for the analysis of the debris basin sites were developed to meet the requirements 
of the NRCS and Utah Dam Safety. Applicable guidelines include Earth Dams and Reservoirs – Technical 
Release 210-60 (TR-60; NRCS 2019a) and Utah Dam Safety Rules R655-10 and R655-11. The design criteria 
were also based on the dam structures being classified as high hazard, as recommended in TM009 – 
Hazard Classification. 

1.1 Utah Dam Safety Criteria 
Utah Dam Safety Rule R655-11-4 requires the development of storms following Hydrometeorological 
Report No. 49 (HMR-49; NOAA 1984) and two studies specifically for Utah, namely the “2002 Update for 
Probable Maximum Precipitation, Utah 72 Hour Estimates to 5,000 sq. mi. - March 2003" (USUL; Jensen 
2003) and "Probable Maximum Precipitation Estimates for Short Duration, Small Area Storms in Utah - 
October 1995 " (USUS; Jensen 1995). The USUL and USUS studies were developed after HMR-49 to provide 
a better representation of actual conditions in Utah. 

Precipitation depths developed from USUL and USUS are referred to as the Spillway Evaluation 
Precipitation (SEP) values, whereas those depths developed strictly following HMR-49 are referred to as 
the Probable Maximum Precipitation (PMP). Hydrographs developed from the SEP values are referred to as 
the Spillway Evaluation Flood (SEF), whereas hydrographs developed from the PMP values are referred to 
as the Probable Maximum Flood (PMF). It was never intended that the precipitation depths developed 
following USUL and USUS would exceed those developed following HMR-49. Therefore, only the lowest 
precipitation depths between the SEPs and PMPs were considered. 

The final Inflow Design Hydrograph (IDF) is determined by routing the SEF and PMF storms through a given 
reservoir to determine the critical event. This critical event is then compared to the 100-year 6-hour storm 
and the 100-year 24-hour storm with a saturated subwatershed (Antecedent Moisture Condition III [AMC 
III]). The state rules also require that the 100-year storms must be routed with appropriate allowances for 
freeboard. The final controlling storm is then adopted as the Utah Dam Safety IDF. 

Freeboard requirements include 1) routing the IDF, 2) containing the wave action (wave height, runup, and 
setup) during a 100-mph wind event, 3) routing the 100-year storm event with enough freeboard to 
contain wave action resulting from a 50-mph wind event and 4) a minimum normal freeboard of 3 feet. For 
the purposes of this analysis, a reasonably conservative freeboard residual was reserved by oversizing the 
emergency spillway with a minimum height of 7.5 feet and a corresponding width as needed to pass the 
required design storms. This conservative approach gives us an approximate size for a 30% design and has 
a relatively small impact on the design and construction cost. The final design would include a more 
detailed analysis of freeboard requirements. 

The principal spillways for the debris basins will not be equipped with a valve or gate to ensure the spillway 
is always open and functional. The outlet pipe will be protected against clogging by installation of 
oversized trash/debris racks integrated into the outlet structure. Therefore, the principal spillways were 
modeled as open during all storm events with a starting water surface elevation at the estimated 100-year 
sediment elevation (see TM003-Sedimentation for additional information). 
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Two computer programs were obtained from Utah Dam Safety to aid in the calculation of the SEP and PMP 
values as well as develop the SEF and PMF hyetographs. The program input includes the latitude and 
longitude of each drainage basin centroid. The program output was verified by comparing to independent 
estimates calculated using USUS, USUL, and HMR-49. 

The 100-year 6-hour and 100-year 24-hour AMC III storms were developed by using the NOAA Atlas 14 
precipitation depths and applying them to the temporal distributions published in the same report (Bonnin 
et al. 2011). The second quartile median distributions were used for the General Precipitation Area. The 
100-year storms were also applied to the Soil Conservation Service (SCS) Type II distribution based on the 
location of the subwatersheds within the United States. This was done for comparison purposes in 
determining a reasonably conservative design. The SCS Type II distribution typically results in a more 
conservative design due to a high rainfall volume in a short period of time. 

1.2 NRCS Criteria 
The FBH and ASH are developed following the most applicable references from the National Weather 
Service (NWS). These references include HMR-49 in estimating the PMP and PMF, which are used as the 
FBH. The USUL and USUS special probable maximum precipitation studies used by Utah Dam Safety in 
conjunction with HMR-49 have been accepted by the NRCS for the purposes of the FBH (letter of 
acceptance dated March 6, 2007). Therefore, by following the Utah Dam Safety criteria in evaluating the 
local short-duration storm and general long-duration storm, the FBH is also evaluated. It should also be 
noted that TR-60 requires the evaluation of 6-hour and 24-hour storms. The local short-duration storm and 
general long-duration storm per Utah Dam Safety standards have durations of 6 hours and 72 hours, 
respectively; therefore, to meet both NRCS and Utah Dam Safety requirements, the 6-hour, 24-hour, and 
72-hour storms were evaluated using USUL and USUS. The critical SEF or PMF as applicable is adopted as 
the FBH. 

The ASH is developed by applying an equation from TR-60 Figure 2-2 to estimate the precipitation depth 
and applying to a short duration storm distribution. For a high hazard dam, this precipitation equation is 
P100 + 0.26*(PMP-P100). Conservatively, the PMP values (rather than the SEP values) were used to 
estimate the precipitation depths for this storm. Hyetographs were developed for each subwatershed by 
applying the precipitation depths to the temporal distributions published by NOAA (Bonnin et al. 2011). 
The second quartile median distributions were used for the General Precipitation Area. Both a 6-hour and 
24-hour duration ASH were developed for each subwatershed to evaluate the spillway capacity. 

The PSH for a high hazard dam is a 100-year 10-day duration storm that must be passed through the 
principal spillway without initiating the auxiliary spillway. The precipitation depths for this storm were 
taken from NOAA Atlas 14 (Bonnin et al. 2011) and the distribution was developed following the 
procedures outlined in National Engineering Handbook – Design Hydrographs (Section 4, Chapter 21) 
(NRCS 2019b). This storm was routed through the debris basins with the starting elevation set at the 100-
year sediment storage elevation (see TM003-Sedimentation for additional information). 

The capacity of the emergency spillway was evaluated by routing the FBH with no residual freeboard and 
the ASH with freeboard. The minimum freeboard can be estimated following guidance found in Technical 
Release No. 69 – Riprap for Slope Protection against Wave Action (Soil Conservation Service 1983a). 
However, the analysis found that the debris basins are capable of passing the ASH with a freeboard in 
excess of 5 feet; therefore, for the purposes of this study and a 30% design, this was assumed to be 
adequate. 
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In addition to the design storms for the proposed debris basins, the economic analysis in TM006-
Economics required the development of eight frequency storm events. The return intervals evaluated are 
the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year events. 

Precipitation depths for these storms were taken from NOAA Atlas 14 (Bonnin et al. 2011) and applied to 
the SCS Type II distribution based on the location of the subwatersheds within the United States. The 
drainage basins for these storms were extended downstream of the proposed debris basins to critical 
infrastructure such as the culvert crossings on I-70. 

1.3 Precipitation Depths 
Precipitation depths for each of the storm events were estimated for the SEP and PMP by using the Utah 
Dam Safety programs discussed earlier based on the centroid location of each drainage basin. The 
precipitation depths for the remaining storms were estimated by calculating the average precipitation 
depth over each drainage basin. This was done by downloading the NOAA Atlas 14 precipitation raster 
data and calculating the average over each drainage basin area using ArcGIS. A summary of the 
precipitation depths used is shown in Table 1-1. 

Table 1-1. Precipitation Depth Summary 

Storm Distribution Storm Duration Flat Canyon 

Local SEP Local Short Duration Storms (6-hour) 4.37 

Local PMP Local Short Duration Storms (6-hour) 10.81 

General SEP General Long Duration Storms (24-hour) 8.51 

General PMP General Long Duration Storms (24-hour) 9.40 

General SEP General Long Duration Storms (72-hour) 10.25 

General PMP General Long Duration Storms (72-hour) 14.36 

10-year 6-hour storms NA 

100-year 6-hour storms 2.08 

2-year 24-hour storms 1.30 

5-year 24-hour storms 1.59 

10-year 24-hour storms 1.83 

25-year 24-hour storms 2.16 

50-year 24-hour storms 2.43 

100-year 24-hour storms 2.70 

200-year 24-hour storms 2.86 

500-year 24-hour storms 3.36 

100-year 10-day storms 4.57 

As shown in Table 1-1, the precipitation depth for the Local SEP is significantly smaller for Flat Canyon 
compared to the other storms. The reason for this is the aerial adjustment factor, which is based on the 
watershed size. This factor is applied automatically within the Utah Dam Safety computer program 
mentioned previously. As shown in Table 2-1, Flat Canyon has a larger watershed, resulting in a larger 
aerial reduction.  
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2.0 Hydrologic Modeling Parameter Estimates 
Hydrologic modeling parameters were estimated for each of the subwatersheds as described below. In 
accordance with TR-60, the SCS Curve Number and SCS Unit Hydrograph methods were used in the model. 

2.1 Subwatershed Topographic Characteristics 
The best available LIDAR surface was obtained from the Utah Automated Geographic Reference Center 
(AGRC). This surface was utilized to determine the drainage basin boundaries, elevations, slopes, and 
longest watercourse lengths. The drainage basin boundaries are shown on the exhibit in Attachment A. 

Note that the exhibit includes two drainage basin boundaries for Flat Canyon, with the larger drainage 
basin in the upper subwatershed to the mouth of the drainage, and the smaller drainage basin just 
downstream to features such as canals and major culverts. These areas were shown separately in order to 
estimate flows at different locations to support the sizing of improvements such as debris basins and 
channels, as well as different parts of the analysis that account for the larger area (e.g., economics 
analysis). For simplicity in presenting the analysis, only the larger upper subwatershed hydrology is 
presented below, focusing on the debris basin locations. The smaller downstream subwatersheds are 
shown to demonstrate how the subwatersheds were expanded slightly to include downstream areas as 
needed for the analysis. Table 2-1 presents a summary of the basin topography information for the 
subwatersheds draining to the mouth of each drainage. 

Table 2-1. Watershed Topographic Characteristics 

Parameter Flat Canyon 

Drainage basin area (square miles) 16.5 

Longest watercourse length (miles) 9.1 

Average drainage basin slope (%) 37.6 

2.2 Hydrologic Soil-Cover Complexes and SCS Curve Numbers 
The spatially distributed hydrologic soils data was obtained from the local USDA soils scientist. Soil data 
from the NRCS Web Soil Survey website was also reviewed and found to agree with this data where 
overlapping occurred; however, the soil data available through the Web Soil Survey was not as complete 
and detailed as the data provided by the local USDA office. Therefore, the more complete soil data set 
from the USDA soils scientist was used, which shows the Hydrologic Soil Group (HSG) ratings that range 
from A to D, with the majority of the subwatersheds being characterized with a HSG of B and D at 24% and 
74% total subwatershed area, respectively. 

Aerial imagery, field visits, and photographs were reviewed to characterize the land cover types of the 
subwatershed areas according to the tables found in Part 630 in the National Engineering Handbook (NEH), 
Chapter 9, Hydrologic Soil-Cover Complexes (NRCS 2004). The majority of the land cover in the 
subwatersheds consists of sage-grass and pinyon-juniper vegetative types with varying hydrologic 
conditions. Note that the hydrologic conditions account for the condition of the land cover itself and the 
percentage of ground cover. Most of the land cover types were assigned as poor or fair condition, with the 
exception of a relatively small portion that was assumed to be in good condition based aerial imagery and 
field visits. The exhibit in Attachment A shows the spatial distribution of each combination of land cover 
type and soil group within the study area. 

Based on the HSGs, land cover types, and land cover hydrologic conditions, SCS curve number (CN) values 
for an antecedent moisture condition type II (AMC II) were selected based on Table 9-2 of the NEH (NRCS 
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2004). A summary of CNII values is provided in Table 2-2. The exhibit in Attachment A shows the spatial 
distribution of the soil-cover complexes and resulting CNII values. 

Table 2-2. Summary of AMC II SCS Curve Numbers 

Cover Type Hydrologic 
Condition 

Hydrologic 
Soil Group A 

Hydrologic 
Soil Group B 

Hydrologic 
Soil Group C 

Hydrologic 
Soil Group D 

Pinyon-juniper Poor 69* 75 85 89 

Pinyon-juniper Fair 48* 58 73 80 

Pinyon-juniper Good 28* 41 61 71 

Sage-grass Poor 59* 67 80 85 

Sage-grass Fair 42* 51 63 70 

Sage-grass Good 26* 35 47 55 
* CNII values for soil group A have not been developed; therefore, CN numbers were extrapolated and found 
to match the trends of other soil-land cover complexes. 

The area weighted average CNII for each drainage basin was calculated. The saturated soil condition or 
antecedent moisture condition III (AMC III) area weighted CN (CNIII) was also calculated for each drainage 
basin using the following equation: 

 

The area weighted CNII and CNIII values for each drainage basin are summarized Table 2-3. 

Table 2-3. Area Weighted SCS Curve Numbers 

Subwatershed CNII CNIII 

Flat Canyon 68.5 83.3 

2.3 Initial Abstraction 
The initial abstraction was estimated following the SCS methodology outlined in the National Engineering 
Handbook (NRCS 2004). The equations to estimate the initial abstraction only require a basin’s CN number. 
See this reference for more detail on the equations and methodology. Table 2-4 shows the initial 
abstractions that were used in design. 

Table 2-4. Initial Abstraction 

Subwatershed Ia – CN II (in) Ia – CN III (in) 

Flat Canyon 0.92 0.40 

2.4 Lag Time 
The lag times (Lg) for each the subwatersheds were estimated following two different methods for 
comparison from Chapter 15 – Time of Concentration of the NEH (NRCS 2010), namely, the velocity 
method and the subwatershed lag method. The velocity method consists of flow path segments broken up 
into sheet flow, shallow concentrated flow, and opened channel flow. Each segment requires the length 
and slope as well as the land cover type, flow type, and typical open channel geometry depending on the 
segment type. The watershed lag method uses an empirical equation that requires the subwatershed’s 
watercourse length, average basin slope, CN, and area. These parameters were delineated and estimated 
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using topographic data, aerial imagery, and field visits. See the reference for these methods for further 
information on the equations and methodologies. Note that they both account for the land cover type and 
slope of each watershed. The estimated lag times for this study are shown in Table 2-5. The time of 
concentration velocity along the flow path for each lag time ranged from approximately 4 to 7 feet per 
second. The velocity method is considered more accurate due to the more detailed input required and is 
reasonably conservative in comparison with the estimates using the watershed lag method; therefore, the 
velocity method estimates were used for all hydrology. 

Table 2-5. Estimated Lag Times using the SCS Velocity and Subwatershed Lag Methods 

Subwatershed Velocity Method (hr) Subwatershed Lag Method (hr) 

Flat Canyon 1.35 1.60 

2.5 Transform Method 
The SCS unit hydrograph was selected as the transform method for all hydrology as recommended and 
discussed in Chapter 16 – Hydrographs of the NEH (NRCS 2007). One variable of the SCS unit hydrograph is 
the Peak Rate Factor (PRF), which is generally adjusted depending on the steepness of a given watershed 
and to calibrate hydrology models. PRFs can range from 100 for a relativity flat watershed to 600 for a 
steep watershed. Given the watershed slopes of this study, the standard PRF of 484 was considered a 
reasonably conservative estimate where it is on the higher range of PRF values.  

3.0 Hydrologic Modeling 
The U.S. Army Corps of Engineers Hydrologic Modeling System (HEC-HMS, version 4.3) was used for all 
modeling. This model was used to estimate flows for the design and economic storms as well as to route 
the design storm hydrographs and size the proposed debris basin. 

3.1 Hydrologic Model Input 
The hydrology parameters discussed previously were input into the model. The model included the 
drainage basins as well as the debris basin to allow for the routing of hydrographs. 

3.1.1 Sedimentation 

TR-60 (NRCS 2019a) and Section 3 – Sedimentation of the NEH (SCS 1983b) discuss the need to account for 
sediment accumulation in debris basins. These guidelines recommend that storage is reserved for 
sediment accumulation over the design life of a dam, typically between 50 and 100 years. A 100-year 
sediment storage volume was accounted for in the hydrologic model by determining the height of the 
sediment volume and setting the model start elevation and principal spillway height at the sediment 
height. In this way, the bottom portion of the reservoir is modeled as full of sediment. For more 
information on how the sediment volumes were estimated, see TM003-Sedimentation. The 100-year 
sediment volumes and heights are shown in Table 3-1. 

Table 3-1. Debris Basin Geometric Parameters 

Metrics Flat Canyon 

Volume at emergency spillway crest (acre-feet) 827 

Volume at dam crest (acre-feet) 1120 

100-year sediment volume (acre-feet) 359 
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Metrics Flat Canyon 

100-year water storage volume (acre-feet) 468 

Depth* to emergency spillway crest (feet) 55.0 

Depth* to dam crest (feet) 65.0 

Depth* to 100-year sediment volume (feet) 34.7 

Elevation (NAVD 88) of bottom of debris basin (feet) 5544 

Elevation (NAVD 88) of emergency spillway crest (feet) 5599 

Elevation (NAVD 88) of dam crest (feet) 5609 

Elevation (NAVD 88) of 100-year sediment (feet) 5578.7 
• Depths are relative to upstream toe of dam to represent true depth of sediment or water. 

3.1.2 Stage-Storage-Discharge Relationships 

A stage-storage relationship for the proposed debris basin was developed using AutoCAD and is included in 
Attachment B. The parameters for the principal and emergency spillways of the proposed debris basin 
were input directly into the hydrologic model. For the 30% design, a simple orifice element was used to 
simulate the principal spillway outlet, and a broad-crested weir was used to simulate the emergency 
spillway. The emergency spillway height for Flat Canyon was set at 10 feet with a width of 40 feet to 
accommodate high flows. A summary of the proposed debris basin volumes, depths, and elevations is 
provided in Table 3-1. 

3.2 Hydrologic Modeling Results 
The Utah Dam Safety SEP and 100-year design storms, as well as the NRCS FBH, ASH, and PSH storms, were 
routed through the proposed debris basin to determine the critical event. The 6-hour local SEP controlled 
the design of all Utah Dam Safety storms and was therefore adopted as the IDF. The IDF was also adopted 
as the NRCS FBH. The 100-year storm with an AMC II condition and the PSH were used to size the principal 
spillway based on the criteria that the emergency spillway should not be engaged during these events and 
the downstream peak flow cannot exceed the limiting capacities discussed previously. The controlling 
storms and corresponding flows and depths are shown in Table 3-2. The minimum sizes for the principal 
spillway conduit and auxiliary spillway dimensions are shown in Table 3-3. 

Table 3-2. Hydrologic Modeling Results for the Controlling Design Storms 

Metrics Controlling Storm 
Flat 

Canyon 

Peak inflow (cfs) IDF/FBH (6-hour SEF) 6826.5 

Peak outflow (cfs) IDF/FBH (6-hour SEF) 3666.5 

Peak water surface depth (feet)* IDF/FBH (6-hour SEF) 64.5 

Freeboard to dam crest (feet) IDF/FBH (6-hour SEF) 0.5 

Peak inflow (cfs) 
100-year 24-hour (NOAA 
Distribution) 

519.8 

Peak outflow (cfs) 
100-year 24-hour (NOAA 
Distribution) 

178.3 

Peak water surface depth (feet)* 
100-year 24-hour (NOAA 
Distribution) 

46.4 
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Metrics Controlling Storm 
Flat 

Canyon 
Freeboard to emergency spillway 
crest (feet) 

100-year 24-hour (NOAA 
Distribution) 

8.6 

Peak inflow (cfs) 
100-year 24-hour (SCS 
Distribution) 

1145.3 

Peak outflow (cfs) 
100-year 24-hour (SCS 
Distribution) 

182.2 

Peak water surface depth (feet)* 
100-year 24-hour (SCS 
Distribution) 

46.9 

Freeboard to emergency spillway 
crest (feet) 

100-year 24-hour (SCS 
Distribution) 

8.1 

Peak inflow (cfs) PSH (10-day) 605.4 

Peak outflow (cfs) PSH (10-day) 232.7 

Peak water surface depth (feet)* PSH (10-day) 54.6 

Freeboard to emergency spillway 
crest (feet) 

PSH (10-day) 0.4 

*Depths are relative to upstream toe of dam to represent true depth of sediment or water. 

Table 3-3. Minimum Required Spillway Sizing 

Spillway Parameter Flat Canyon 
Principal Inner Diameter (inches) 43.9 
Auxiliary Side Slope (H:V) 2:1 
Auxiliary Crest Length (feet) 40 
Auxiliary Depth (feet) 10 

The modeling results show that the proposed design of the debris basin is sufficient in reducing peak flows 
from the 100-year storm to limiting downstream capacities.  
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Attachment A. Hydrology Analysis Map
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Attachment B. Hydrologic Model Input & Output 

Stage-Storage Data for Flat Canyon Debris Basin 

Depth (feet) Elevation (feet) Area (square feet) Area (acre) Incremental 
Volume (acre-feet) Notes 

0 5544 0 0.00 0.00  

2 5546 27,877.11 0.64 0.43  

4 5548 75,121.37 1.72 2.70  

6 5550 125,670.55 2.89 7.26  

8 5552 181,702.83 4.17 14.28  

10 5554 234,716.81 5.39 23.81  

12 5556 285,297.41 6.55 35.73  

14 5558 340,293.45 7.81 50.08  

16 5560 402,195.06 9.23 67.10  

18 5562 460,235.97 10.57 86.89  

20 5564 514,540.12 11.81 109.25  

22 5566 576,980.57 13.25 134.30  

24 5568 647,091.49 14.86 162.38  

26 5570 720,005.31 16.53 193.75  

28 5572 794,140.34 18.23 228.50  

30 5574 829,210.46 19.04 265.76  

32 5576 852,177.91 19.56 304.36  

34 5578 873,181.03 20.05 343.97  

36 5580 895,359.06 20.55 384.57  

38 5582 918,288.07 21.08 426.20  

40 5584 942,032.35 21.63 468.91  

42 5586 966,035.79 22.18 512.71  

44 5588 990,196.90 22.73 557.62  

46 5590 1,016,351.51 23.33 603.68  

48 5592 1,044,974.46 23.99 651.00  

50 5594 1,075,802.17 24.70 699.69  

52 5596 1,105,807.93 25.39 749.74  

54 5598 1,144,474.02 26.27 801.40  

55 5599 1,077,772.09 24.74 826.90 Spillway Crest 

56 5600 1,183,644.92 27.17 854.84  

58 5602 1,225,793.02 28.14 910.15  

60 5604 1,267,024.99 29.09 967.38  

62 5606 1,311,388.83 30.11 1026.56  

64 5608 1,360,593.36 31.24 1087.90  

65 5609 1,397,243.86 32.08 1119.56 Dam Crest 
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Attachment C. Hydrographs 

   

   
Figure C-1. Flat Canyon Hydrology Model Controlling Hydrographs 
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1.0 Introduction 
A sedimentation analysis was completed to predict the sediment loads resulting from the 
subwatersheds considered in the Watershed Plan. These sediment load rates were used in estimating 
sediment load volumes over time for debris basins and other hydraulic structures proposed in the 
Watershed Plan. In the late 1980s, two debris basins were constructed as part of a flood control project 
at the outlets of Dairy Canyon and Cottonwood Canyon. These basins are contiguous with the other 
subwatersheds being studied as part of the Watershed Plan and have been in operation and collected 
sediment for more than 30 years. While there are many methods that can be used to determine 
sedimentation rates, measured field data is considered the most reliable. Based on this assumption, all 
other methods were calibrated to the measured data. Four separate methods were used to estimate 
sedimentation rates for each subwatershed: 

1. Observed data (measured data from Dairy Canyon and Cottonwood Canyon)  
2. U.S. Department of Agriculture (USDA) mapped sedimentation rates for the State of Utah 

from 1973 
3. Pacific Southwest Inter-Agency Committee (PSIAC) Method 
4. Rangeland Hydrology and Erosion Model Web Tool (RHEM) Method 

Each of these methods is discussed in the following sections. Attachment A shows a map with each 
subwatershed that was analyzed. 

2.0 Observed Data 
The sediment rates for the two existing debris basins (Dairy Canyon and Cottonwood Canyon) were 
calculated using the existing sediment elevations and stage-storage curves. LIDAR data collected in 2018 
was used to obtain the elevations; the LIDAR data was collected by FEMA and was provided through the 
Utah Automated Geographic Reference Center (AGRC 2018). Table 2-1 shows the sediment pool 
elevation, depth of sediment, volume of sediment, operation life, average sediment deposition rates, 
and sedimentation yield rates. 

Table 2-1. Observed Sedimentation Data 

Basin 
Existing elevation 
of sediment (feet) 

Depth of 
sediment 

(feet) 

Volume of 
sediment 

(acre-feet) 

Operation 
life (years) 

Deposition 
rate (acre-
feet/year) 

Yield rate 
(acre-feet/ 
mile2/year) 

Dairy Canyon 5473.3 9.3 23.0 32 0.72 0.38 

Cottonwood 
Canyon 

5431.7 5.7 113.0 32 3.53 0.17 

Based on conversations with Richfield City and Sevier County, there has been no sediment removal from 
the Dairy Canyon basin. The Cottonwood Canyon basin has had some material removed in the past; 
however, based on feedback from Richfield City and others, the amount of sediment removed was 
relatively small. It has been assumed that the removal of the sediment was negligible and within the 
typical margin of error expected with this type of analysis. Figure 2-1 and Figure 2-2 show the sediment 
levels for both debris basins in relation to the outlets. The stage-storage curves that were used to 
determine volumes can be found in Attachment B. 
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Figure 2-1. Dairy Canyon debris basin outlet with sediment level 
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Figure 2-2. Cottonwood Canyon debris basin outlet with sediment level 

2.1 USDA Sedimentation Map 
The 1973 USDA map of sedimentation rates in Utah was referenced to determine the yield class for each 
subwatershed. Most subwatersheds did not fall within a single yield class, so an area-weighted yield rate 
was determined for each subwatershed. The average value for each yield class shown on the USDA map 
was used. The estimated sediment yield rates for each subwatershed are shown in Table 2-2. The USDA 
sedimentation map is included in Attachment C. Due to the nature of the data, this method was not 
calibrated using the observed data. 



USDA-NRCS   Richfield-West Sevier Watershed 

TM003 4 May 2025 

Table 2-2. Sedimentation Yield Rate Estimates based on USDA Sedimentation Map 

 Subwatershed 
 Subwatershed area 

(mile2) 
Yield rate (acre-feet/ 

mile2/year) 
Deposition rate (acre-

feet/year) 

Dairy Canyon 1.9 0.70 1.31 

Cottonwood Canyon 20.7 0.21 4.32 

Flat Canyon  16.4 0.41 6.75 

2.2 PSIAC Sediment Yield Method 
The Pacific Southwest Inter-Agency Committee (PSIAC) method for estimating sediment yield is based 
on a combination of nine physical factors affecting sedimentation in a subwatershed (PSIAC 1968). 
These factors have ranges according to various physical characteristics of the subwatershed and were 
estimated based on site visits, LIDAR data, soil data from USDA soil scientist, and land cover data (AGRC 
2018, USGS 2018). The sum of these factors has an associated sedimentation rate that is based on 
several studies in which sedimentation rates were measured. Factor values for each of the 
subwatersheds are provided in Table 2-3. Physical factors such as channel erosion and sediment 
transport and upland erosion were calibrated within a reasonable range based on the observed data. 
After calibration, the results were found to be similar to the observed data approach. Attachment D 
shows the model output for each of the subwatersheds and a more detailed definition of each factor.  

Table 2-3. PSIAC Method Sediment Yield Factors and Ratings 

Factor 
Rating 
Range 

Dairy 
Canyon 

Cottonwood 
Canyon 

Flat 
Canyon 

Surface Geology 0-5 4 3 3 

Soils 0-10 8 3 3 

Climate 0-10 4 4 4 

Runoff 0-10 5 5 5 

Topography 0-10 10 10 10 

Ground Cover -10-10 -7 -7 -7 

Land Use -10-10 -9 -9 -7 

Upland Erosion 0-25 20 6 10 

Channel Erosion and 
Sediment Transport 

0-25 7 5 5 

2.3 RHEM Model 
The Rangeland Hydrology and Erosion Model Web Tool (RHEM; available at 
https://dss.tucson.ars.ag.gov/rhem/) is an event-based model that predicts soil loss according to 
relationships developed specifically for rangeland (Hernandez 2017, Nearing et al. 2011). Parameters 
used in the RHEM model for the subwatersheds are provided in   
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Table 2-4. Several of the subwatersheds were divided into smaller watershed basins for calculation 
purposes.  
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Table 2-4. RHEM Method Parameter Values 

RHEM Parameters 
Dairy 

Canyon 
Cottonwood 

Canyon 
Flat 

Canyon 

Climate Station Ferron 
Bryce 

Canyon Natl 
PK 

Koosharem 

Rainfall (in) 8.19 15.12 9.06 

Dominant Soil Texture Class 
Sandy 
Loam 

Sandy Loam 
Sandy Clay 

Loam 
Slope Shape Uniform Uniform Uniform 

Slope (ft/ft) 39.1 40.0 37.49 

Cover- Bunchgrass 9% 9% 11% 

Cover- Forbs/Annuals 5% 5% 5% 

Cover- Shrubs 15% 15% 18% 

Cover- Sod Grass 0% 0% 0% 

Cover- Basal Plant Cover 9% 9% 10% 

Cover- Rock Cover 15% 15% 16% 

Cover- Litter Cover 30% 30% 29% 

Cover- Biological Crust Cover 0% 0% 0% 

The parameters used for each subwatershed were estimated based on a combination of site visits, 
LIDAR data, soil data from USDA soil scientist, land cover data, satellite imagery, and environmental 
surveys (AGRC 2018, USGS 2018). The online RHEM model uses existing climate stations to obtain 
rainfall data. In accordance with the RHEM model Tutorial Guide, climate stations with similar elevations 
to the average elevation of each subwatershed were used (Hernandez et al. 2016) to better obtain 
representative rainfall values based on elevation rather than site proximity.  

The RHEM method was calibrated based on the results obtained from the observed data approach. In 
relation to other methods, the RHEM method has relatively few parameters to use in calibration. The 
rainfall and soil texture parameters are not suitable for calibration because any changes in these 
parameters produce a drastic change in the final model results. The cover characteristics were obtained 
by an environmental survey of the area, and the resulting values were used for both the PSIAC and 
RHEM methods. To remain consistent across methods, the cover characteristic parameters were not 
adjusted.  

As a result, only the slope parameter was used to calibrate the model. While the initial values for slope 
were obtained from LIDAR, these values represented an average slope over the entire subwatershed. 
The equations used in the RHEM model are based on channel slopes rather than overland flow slopes. 
The final values used were adjusted within a reasonable range of channel slopes to produce a result 
similar to the observed data method. 

2.4 Design Sedimentation Rate 
The estimated sedimentation rates are summarized in Table 2-5. While the USDA Sedimentation Map is 
generally acceptable for broad-scale estimates of sedimentation rates, it is not recommended for 
specific sites, but rather for quick conservative estimates. After calibration, the RHEM method and the 
PSIAC method yielded results that were similar to observed data. However, the PSIAC method produced 
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sedimentation rates with a lowest percent error of 3 percent and 0 percent for Dairy Canyon and 
Cottonwood Canyon, respectively. 

Table 2-5. Summary of Sediment Yield Rates 

 Subwatershed Area 
(mile2) 

Method 
Sedimentation rate 

(acre-feet/ 
mile2/year) 

Deposition 
rate  

(acre-feet 
/year) 

100 years 
of sediment 
(acre-feet) 

Dairy Canyon 1.9 

USDA Sedimentation Map 0.70 1.33 133 
PSIAC 0.37 0.70 70 
RHEM 0.37 0.70 70 
Observed Data 0.38 0.72 72 

Cottonwood Canyon 20.7 

USDA Sedimentation Map 0.21 4.32 432 
PSIAC 0.17 3.53 353 
RHEM 0.19 3.94 394 
Observed Data 0.17 3.53 353 

Flat Canyon 17.1 
USDA Sedimentation Map 0.40 6.81 681 
PSIAC 0.21 3.59 359 
RHEM 0.25 4.28 428 

The sedimentation rates obtained from the PSIAC method were considered the most reliable and the 
method selected for further use in the Watershed Plan. This selection is principally due to the method 
having been calibrated to yield results similar to the real-time observed data. The final design 
sedimentation rates for each basin are presented in Table 2-6. Attachment A shows an overview map of 
each subwatershed with each corresponding sedimentation rate and loading rate indicated. 

Table 2-6. Final Design Sedimentation Yield Rate Estimates based on PSIAC Method 

 Subwatershed 
Sediment rate 

(acre-feet/ 
mile2/year) 

Deposition rate 
(acre-feet/year) 

100 years of 
sediment (acre-

feet) 

Flat Canyon 0.21 3.59 359 
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Attachment A. Sedimentation Analysis Overview Map 
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Attachment B. Debris Basin Drawings 
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Attachment C. USDA Sedimentation Map
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Attachment D. PSAIC Model Output 



Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) - Cottonwood Canyon
Watershed: Westwd EWP Square Miles: 21 Acres (sq mi * 640): 13,248

Factor Discipline Points

Rocks of Medium Hardness

Moderately weathered

Moderately fractured

5 3 0 3

Fine textured; easily dispersed; saline 

alkaline; high shrink swell 

characteristcis; single grain silt and 

fine sands Medium textured soil High percentage of rock fragments

Occasional rock fragements Aggregated clays

Cliché layers High in organic matter

10 5 0 3

Storms of several day's duration with 

short periods of intense rainfall

Storms of moderate duration and 

intensity

Humid climate with rainfall of low 

intensity

Frequent intense convective storms Infrequent convective storms Precipitation in form of snow

Arid climate, low intensity storm

Arid climate; rare convective storms

10 5 0 4

High peak flows per unit area Moderate peak flows per unit area Low peak flow per unit area

Large volume of flow per unit area

Moderate volume of flow per unit 

area Low volume of runoff per unit area

Rare runoff events

10 5 0 5

Steep upland slopes (in excess of 

30%)

Moderate upland slopes (less than 

20%) Gentle upland slopes (less than 5%)

High relief; little or no floodplain 

development

Moderate fan or floodplain 

development Extensive alluvial plains

10 5 0 10

Ground cover does not exceed 20% Cover not exceeding 40%

Area completely protected by 

vegetation, rock fragments, litter

Vegetation sparse; little or no litter Noticeable litter

No rock in surface soil cover

If trees present, understory not well 

developed

10 0 -10 -7

Vegetation (%) 35

Litter (%) 30

Rock (%) 16

Calculated Points -7

Almost all of area overgrazed or 

historic overgrazing impacts still 

active

<50% of area overgrazed or with 

historic overgrazing impacts still 

active No recent logging

All of area recently burned <50% of area recently logged

Good grazing management or historic 

overgrazing impact under control

Roads in need of O&M or improved 

design Ordinary road and other construction

Almost all of area is badlands with 

minimal armor

Almost all of area is badlands with 

50% of area covered with armor

10 0 -10 -9

More than 50% of the area 

characterized by concentrated flow 

erosion with increasing gully 

development

About 25% of the area characterized 

by concentrated flow erosion with 

increasing gully development No apparent signs of erosion

25 10 0 6

Calculated Points 10

Eroding banks, continously or at 

frequent intervals, with deep flow of 

long duration

Wide shallow channels with flat 

gradients and shor flow duration

Channels in massive rock, large 

boulders, or well vegetated

Articially controlled channels

25 10 0 5

Subtotal (a) thru (g) 9

Subtotal (h) thru (i) 11

Grand total 20

Soil Bulk Density (gram/cm3) NA

Watershed: Westwd EWP Sediment Yield (Ac ft/sq mi/year) 0.17

Acres: 13,248 Sediment Yield (Tons/acre/year) 0.52

Total Sediment (Tons/year) 6,908

22

(g) Land Type and 

Management 

Quality

(i) Channel 

Erosion and 

Sediment 

Transport

(h) Upland 

Erosion

Badlands are totally armored

Moderate flow depths, medium flow 

duration with occasionally eroding 

banks or bed

Active headcuts and degradation in 

tributary channels

Geologist

Geologist

GIS Specialist

Alternative 

Calculation

Marine shales and related mudstones 

and siltstones Massive, hard formations

Single grain silt and fine sands

Freeze-thaw occurrences

Little opportunity for rainfall to reach 

erodible material

Alternative Calculation:  Enter percent of surface covered by vegetation, 

litter and rock

(f) Effective 

Ground Cover

Local

Hydrologist

GIS Specialist

GIS Specialist

Alternative 

Calculation

(d) Runoff

(e) Topography

Percent of area with apparent erosion

PSIAC Rating 

(a) Surface 

Geology

(b) Soils

(c) Climate

Geologist

Soil Scientist



Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) - Dairy Canyon
Watershed: Westwd EWP Square Miles: 2 Acres (sq mi * 640): 1,216

Factor Discipline Points

Rocks of Medium Hardness

Moderately weathered

Moderately fractured

5 3 0 4

Fine textured; easily dispersed; saline 

alkaline; high shrink swell 

characteristcis; single grain silt and 

fine sands Medium textured soil High percentage of rock fragments

Occasional rock fragements Aggregated clays

Cliché layers High in organic matter

10 5 0 8

Storms of several day's duration with 

short periods of intense rainfall

Storms of moderate duration and 

intensity

Humid climate with rainfall of low 

intensity

Frequent intense convective storms Infrequent convective storms Precipitation in form of snow

Arid climate, low intensity storm

Arid climate; rare convective storms

10 5 0 4

High peak flows per unit area Moderate peak flows per unit area Low peak flow per unit area

Large volume of flow per unit area

Moderate volume of flow per unit 

area Low volume of runoff per unit area

Rare runoff events

10 5 0 5

Steep upland slopes (in excess of 

30%)

Moderate upland slopes (less than 

20%) Gentle upland slopes (less than 5%)

High relief; little or no floodplain 

development

Moderate fan or floodplain 

development Extensive alluvial plains

10 5 0 10

Ground cover does not exceed 20% Cover not exceeding 40%

Area completely protected by 

vegetation, rock fragments, litter

Vegetation sparse; little or no litter Noticeable litter

No rock in surface soil cover

If trees present, understory not well 

developed

10 0 -10 -7

Vegetation (%) 35

Litter (%) 30

Rock (%) 16

Calculated Points -7

Almost all of area overgrazed or 

historic overgrazing impacts still 

active

<50% of area overgrazed or with 

historic overgrazing impacts still 

active No recent logging

All of area recently burned <50% of area recently logged

Good grazing management or historic 

overgrazing impact under control

Roads in need of O&M or improved 

design Ordinary road and other construction

Almost all of area is badlands with 

minimal armor

Almost all of area is badlands with 

50% of area covered with armor

10 0 -10 -9

More than 50% of the area 

characterized by concentrated flow 

erosion with increasing gully 

development

About 25% of the area characterized 

by concentrated flow erosion with 

increasing gully development No apparent signs of erosion

25 10 0 20

Calculated Points 16

Eroding banks, continously or at 

frequent intervals, with deep flow of 

long duration

Wide shallow channels with flat 

gradients and shor flow duration

Channels in massive rock, large 

boulders, or well vegetated

Articially controlled channels

25 10 0 7

Subtotal (a) thru (g) 15

Subtotal (h) thru (i) 27

Grand total 42

Soil Bulk Density (gram/cm3) NA

Watershed: Westwd EWP Sediment Yield (Ac ft/sq mi/year) 0.37

Acres: 1,216 Sediment Yield (Tons/acre/year) 0.52

Total Sediment (Tons/year) 634

35

(g) Land Type and 

Management 

Quality

(i) Channel 

Erosion and 

Sediment 

Transport

(h) Upland 

Erosion

Badlands are totally armored

Moderate flow depths, medium flow 

duration with occasionally eroding 

banks or bed

Active headcuts and degradation in 

tributary channels

Geologist

Geologist

GIS Specialist

Alternative 

Calculation

Marine shales and related mudstones 

and siltstones Massive, hard formations

Single grain silt and fine sands

Freeze-thaw occurrences

Little opportunity for rainfall to reach 

erodible material

Alternative Calculation:  Enter percent of surface covered by vegetation, 

litter and rock

(f) Effective 

Ground Cover

Local

Hydrologist

GIS Specialist

GIS Specialist

Alternative 

Calculation

(d) Runoff

(e) Topography

Percent of area with apparent erosion

PSIAC Rating 

(a) Surface 

Geology

(b) Soils

(c) Climate

Geologist

Soil Scientist



Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) - Flat Canyon
Watershed: Westwd EWP Square Miles: 16 Acres (sq mi * 640): 10,496

Factor Discipline Points

Rocks of Medium Hardness

Moderately weathered

Moderately fractured

5 3 0 3

Fine textured; easily dispersed; saline 

alkaline; high shrink swell 

characteristcis; single grain silt and 

fine sands Medium textured soil High percentage of rock fragments

Occasional rock fragements Aggregated clays

Cliché layers High in organic matter

10 5 0 3

Storms of several day's duration with 

short periods of intense rainfall

Storms of moderate duration and 

intensity

Humid climate with rainfall of low 

intensity

Frequent intense convective storms Infrequent convective storms Precipitation in form of snow

Arid climate, low intensity storm

Arid climate; rare convective storms

10 5 0 4

High peak flows per unit area Moderate peak flows per unit area Low peak flow per unit area

Large volume of flow per unit area

Moderate volume of flow per unit 

area Low volume of runoff per unit area

Rare runoff events

10 5 0 5

Steep upland slopes (in excess of 

30%)

Moderate upland slopes (less than 

20%) Gentle upland slopes (less than 5%)

High relief; little or no floodplain 

development

Moderate fan or floodplain 

development Extensive alluvial plains

10 5 0 10

Ground cover does not exceed 20% Cover not exceeding 40%

Area completely protected by 

vegetation, rock fragments, litter

Vegetation sparse; little or no litter Noticeable litter

No rock in surface soil cover

If trees present, understory not well 

developed

10 0 -10 -7

Vegetation (%) 33

Litter (%) 29

Rock (%) 16

Calculated Points -7

Almost all of area overgrazed or 

historic overgrazing impacts still 

active

<50% of area overgrazed or with 

historic overgrazing impacts still 

active No recent logging

All of area recently burned <50% of area recently logged

Good grazing management or historic 

overgrazing impact under control

Roads in need of O&M or improved 

design Ordinary road and other construction

Almost all of area is badlands with 

minimal armor

Almost all of area is badlands with 

50% of area covered with armor

10 0 -10 -7

More than 50% of the area 

characterized by concentrated flow 

erosion with increasing gully 

development

About 25% of the area characterized 

by concentrated flow erosion with 

increasing gully development No apparent signs of erosion

25 10 0 10

Calculated Points 16

Eroding banks, continously or at 

frequent intervals, with deep flow of 

long duration

Wide shallow channels with flat 

gradients and shor flow duration

Channels in massive rock, large 

boulders, or well vegetated

Articially controlled channels

25 10 0 5

Subtotal (a) thru (g) 11

Subtotal (h) thru (i) 15

Grand total 26

Soil Bulk Density (gram/cm3) NA

Watershed: Westwd EWP Sediment Yield (Ac ft/sq mi/year) 0.21

Acres: 10,496 Sediment Yield (Tons/acre/year) 0.52

Total Sediment (Tons/year) 5,473

PSIAC Rating 

(a) Surface 

Geology

(b) Soils

(c) Climate

Geologist

Soil Scientist

(f) Effective 

Ground Cover

Local

Hydrologist

GIS Specialist

GIS Specialist

Alternative 

Calculation

(d) Runoff

(e) Topography

Percent of area with apparent erosion
Alternative 

Calculation

Marine shales and related mudstones 

and siltstones Massive, hard formations

Single grain silt and fine sands

Freeze-thaw occurrences

Little opportunity for rainfall to reach 

erodible material

Alternative Calculation:  Enter percent of surface covered by vegetation, 

litter and rock

35

(g) Land Type and 

Management 

Quality

(i) Channel 

Erosion and 

Sediment 

Transport

(h) Upland 

Erosion

Badlands are totally armored

Moderate flow depths, medium flow 

duration with occasionally eroding 

banks or bed

Active headcuts and degradation in 

tributary channels

Geologist

Geologist

GIS Specialist



Pacific Southwest Interagency Committee Sediment Yield Procedure (PSIAC) - Wood Canyon
Watershed: Westwd EWP Square Miles: 3 Acres (sq mi * 640): 1,856

Factor Discipline Points

Rocks of Medium Hardness

Moderately weathered

Moderately fractured

5 3 0 3

Fine textured; easily dispersed; saline 

alkaline; high shrink swell 

characteristcis; single grain silt and 

fine sands Medium textured soil High percentage of rock fragments

Occasional rock fragements Aggregated clays

Cliché layers High in organic matter

10 5 0 2

Storms of several day's duration with 

short periods of intense rainfall

Storms of moderate duration and 

intensity

Humid climate with rainfall of low 

intensity

Frequent intense convective storms Infrequent convective storms Precipitation in form of snow

Arid climate, low intensity storm

Arid climate; rare convective storms

10 5 0 4

High peak flows per unit area Moderate peak flows per unit area Low peak flow per unit area

Large volume of flow per unit area

Moderate volume of flow per unit 

area Low volume of runoff per unit area

Rare runoff events

10 5 0 5

Steep upland slopes (in excess of 

30%)

Moderate upland slopes (less than 

20%) Gentle upland slopes (less than 5%)

High relief; little or no floodplain 

development

Moderate fan or floodplain 

development Extensive alluvial plains

10 5 0 7

Ground cover does not exceed 20% Cover not exceeding 40%

Area completely protected by 

vegetation, rock fragments, litter

Vegetation sparse; little or no litter Noticeable litter

No rock in surface soil cover

If trees present, understory not well 

developed

10 0 -10 -5

Vegetation (%) 25

Litter (%) 29

Rock (%) 14

Calculated Points -5

Almost all of area overgrazed or 

historic overgrazing impacts still 

active

<50% of area overgrazed or with 

historic overgrazing impacts still 

active No recent logging

All of area recently burned <50% of area recently logged

Good grazing management or historic 

overgrazing impact under control

Roads in need of O&M or improved 

design Ordinary road and other construction

Almost all of area is badlands with 

minimal armor

Almost all of area is badlands with 

50% of area covered with armor

10 0 -10 -9

More than 50% of the area 

characterized by concentrated flow 

erosion with increasing gully 

development

About 25% of the area characterized 

by concentrated flow erosion with 

increasing gully development No apparent signs of erosion

25 10 0 5

Calculated Points 16

Eroding banks, continously or at 

frequent intervals, with deep flow of 

long duration

Wide shallow channels with flat 

gradients and shor flow duration

Channels in massive rock, large 

boulders, or well vegetated

Articially controlled channels

25 10 0 5

Subtotal (a) thru (g) 7

Subtotal (h) thru (i) 10

Grand total 17

Soil Bulk Density (gram/cm3) NA

Watershed: Westwd EWP Sediment Yield (Ac ft/sq mi/year) 0.15

Acres: 1,856 Sediment Yield (Tons/acre/year) 0.52

Total Sediment (Tons/year) 968

PSIAC Rating 

(a) Surface 

Geology

(b) Soils

(c) Climate

Geologist

Soil Scientist

(f) Effective 

Ground Cover

Local

Hydrologist

GIS Specialist

GIS Specialist

Alternative 

Calculation

(d) Runoff

(e) Topography

Percent of area with apparent erosion
Alternative 

Calculation

Marine shales and related mudstones 

and siltstones Massive, hard formations

Single grain silt and fine sands

Freeze-thaw occurrences

Little opportunity for rainfall to reach 

erodible material

Alternative Calculation:  Enter percent of surface covered by vegetation, 

litter and rock

35

(g) Land Type and 

Management 

Quality

(i) Channel 

Erosion and 

Sediment 

Transport

(h) Upland 

Erosion

Badlands are totally armored

Moderate flow depths, medium flow 

duration with occasionally eroding 

banks or bed

Active headcuts and degradation in 

tributary channels

Geologist

Geologist

GIS Specialist
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1.0 Flood Modeling 
A hydraulic analysis was performed to complete flood modeling to support the economic analysis and 
determine existing and proposed flood channel capacities.  

Richfield has a long history of flooding; flood damage dates back to when the town was first settled (Schick 
International 1977, Bakaitis 2016). These studies document repeated floods in and around Richfield City 
back to 1950. More recent flood events have been documented by county emergency and road 
department personnel. These include 2014, 2016, and 2018 events. Attachment A shows a map of 
locations where historic flooding has occurred. Storm events have consistently revealed several 
infrastructure limitations: 

 The watersheds west of Richfield produce large sediment-laden flows that drain directly into the 
Sevier Valley and Richfield canals. The canals are not designed to handle such flows and have 
breached in the past, impacting downstream properties. 

 The canals convey flows through Richfield City and other populated areas of Sevier County, 
resulting in high flood damage and amplified risk. 

 Agricultural lands are also impacted when storm flows overtop canals or where overshot 
structures convey flow directly onto these properties. 

Local and county leaders provided additional information on frequent flooding locations. Measured flood 
data was not available for these events; therefore, this data could not be used to calibrate the hydraulic 
model. However, the results of the flood modeling closely simulated the general flooding areas of historic 
events. 

1.1 Hydraulic Model Setup 
The U.S. Army Corps of Engineers Hydrologic Engineering Center River Analysis System (HEC-RAS 5.0.6) was 
used to create a combined one-dimensional (1D) and two-dimensional (2D) model to simulate flooding in 
Richfield and the surrounding area. This combined 1D\2D model can perform hydrodynamic routing within 
an unsteady flow analysis. The Sevier Valley Canal and Richfield Canal, which have historically overtopped 
and contributed to flooding, were modeled using the 1D unsteady-state flow portions of the model. These 
canals were then breached at critical locations. The breached flows were modeled using the 2D unsteady-
state flow portions of the model. 

1.1.1 Terrain Data 

The surface used to build the model was derived from 2018 LiDAR data with a 1-meter resolution. The 
LiDAR data was downloaded from the Utah Automated Geographic Reference Center (AGRC) and 
processed using ESRI’s ArcGIS software. The surface covers the entire project area so there was no need to 
supplement the analysis with additional data. 

1.1.2 Computational Mesh 

A 2D flow area was defined to encompass the inundation areas for the maximum storm event. This same 
2D flow area was then used for all the smaller storm events. The grid size for each of the scenarios is 
shown in Table 1-1. Figure 1-1 shows the 2D flow areas and boundary conditions for the Flat Canyon 
model.  
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Table 1-1. Computation Mesh Gride Size for Each Scenario 

Scenario Grid Size (feet) 
Flat Canyon 20 

 
Figure 1-1. Flat Canyon 2D Flow Mesh and Boundary Conditions 

1.1.3 Land Cover 

Model Manning’s roughness values were determined by utilizing the 2016 NLCD dataset for the modeling 
area. The Manning’s n values were assigned to the following areas: the canals, agricultural fields, non-
vegetated soils, parks and recreational areas, residential areas, and roads. The specific values were 
determined based on-site visits and photographs as well as guidance from various references including the 
book Open-Channel Hydraulics (Chow, 1959). The final land cover types and corresponding Manning’s n 
values used in the HEC-RAS model are shown in Table 1-2. 

Table 1-2. Model Boundary Conditions 

Land Cover Type Manning’s n Value 
Agricultural Field 0.06 
None Vegetated Soil 0.025 
Parks and Recreational Areas 0.04 
Residential Areas 0.075 
Roads 0.025 
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1.1.4 Boundary Conditions 

Boundary conditions were defined for both the 1D and 2D positions of the model. Table 1-3 shows the 
type of boundary condition used for each model. Upstream boundary condition flow hydrographs are 
presented in TM002 – Hydrology. Refer to Figure 1-1 and  for spatial placement of each boundary 
condition.  

Table 1-3. Model Boundary Conditions 

Modeling Parameters 
Applicable 
Scenario 

Type 

1D Model Upstream Boundary Condition for Sevier Valley 
Canal  

Flat Flow Hydrograph 

1D Model Upstream Boundary Condition for Canyon 
Inflows to Sevier Valley Canal (Overshot) Flat 

Lateral Inflow 
Hydrograph 

1D Model Downstream Boundary Condition for Sevier 
Valley Canal 

Flat Normal Depth 

1D Model Upstream Boundary Condition for Richfield Canal  Flat Flow Hydrograph 
1D Model Downstream Boundary Condition for Richfield 
Canal  

Flat Normal Depth 

2D Model Upstream Boundary Condition (Overshot) Flat Flow Hydrograph 

1D/2D Connection (Canal Breach) Flat 
Lateral Inflow 

Structure 
2D Downstream Boundary Condition Flat Normal Depth 

1.1.5 Assumptions 

The model runtime was set to 72 hours to allow for the complete hydrographs to pass through the model 
domain. Some of the major assumptions of the hydraulic model included the following: 

1. No infiltration or evaporation losses, i.e., attenuation is due solely to flood storage 

2. Pressure distribution is hydrostatic 

3. Hydraulic roughness based on steady, uniform, and fully turbulent flow 

4. Channel elements are represented by uniform channel geometry and roughness 

5. Minor culverts were considered plugged 

6. Sevier Valley and Richfield Canals were modeled with 100 cfs of excess capacity each (200 cfs 
combined) for the existing conditions (based on discussions with the canal companies) 

7. High-intensity localized storms generating isolated runoff 

 

1.1.6 Model Calibration 

Qualitative data (location of flooding, general flooding extents, etc.) was used to calibrate the model 
because limited measured flood and stormwater data were available for model calibration. While 
velocities and depths were evaluated to determine if values were within reasonable ranges, qualitative 
data was principally used. Historic flooding areas are identified on the map provided in Attachment A. This 
information was used to verify flood modeling results. 
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1.2 Modeling Scenarios 

1.2 

The hydraulic modeling scenarios were broken into existing and proposed conditions for Flat Canyon. The 
existing and proposed conditions were modeled for  all eight recurrence intervals. The recurrence intervals 
modeled include the 500-, 200-, 100-, 50-, 25-, 10-, 5-, and 2-year 24-hour storm events. This resulted in a 
total of 16 separate model runs. Each canyon was modeled independently. A specific description of each of 
the modeled scenarios is described below. 

1.2.1 Flat Canyon Existing Conditions Scenario 

During smaller storm events, water from Flat Canyon flows across the canal and enters the south flood 
channel, eventually flowing into the Richfield Canal. During larger storm events, flows from Flat Canyon 
spill into the Sevier Valley Canal over the sides of the overshot structure; the remaining flows drain to the 
Richfield Canal via the south flood channel. Figure 1-4 shows the overshot structure during a larger storm 
event.  

Flat Canyon storm flows entering the Sevier Valley Canal were modeled starting at the overshot structure, 
which was represented as a lateral inflow hydrograph boundary condition. A rating curve was generated to 
model the eight different storm events at the varying flows. 

 
Figure 1.2-4. Sevier Valley Canal Overshot Structure near Flat Canyon (2016 Storm Event) 

Breach parameters were defined at known critical problem areas along both the Sevier Valley Canal and 
Richfield Canal. Based on the modeling of higher flood events, both canals would breach at these specified 
locations, causing flooding. As discussed in Section 1.1.5, the existing conditions model assumed there was 
an additional 100 cfs of capacity and 1 foot of freeboard in both the Sevier Valley Canal and Richfield Canal 
(200 cfs combined capacity). During the model simulations, if the 1 foot of freeboard was exhausted and 
the water surface elevation exceeded the bank elevation by 0.25 feet, then the canal would breach. The 
breach location along the Sevier Valley Canal was located near 500 North and College Avenue in Richfield 
City. The breach location for the Richfield Canal was located near the golf course, west of Home Depot. 
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These breach locations can be seen on the series of maps provided in Attachment B; these maps also show 
the expected inundation depths and inundation boundaries for Flat Canyon. 

1.2.2 Flat Canyon Proposed Conditions Scenario 

The peak discharge from the proposed Flat Canyon debris basin for the 200- and 500-year events were 
determined to be 192.9 cfs and 231.9 cfs, respectively. This flow would be split, with 150 cfs going to the 
south flood channel and 50 cfs going to the Sevier Valley Canal. The 150 cfs in the south flood channel will 
again be split, with 50 cfs being diverted to the Richfield Canal and the remaining 100 cfs continuing down 
the south flood channel to be discharged to the Sevier River. The 50 cfs in the Sevier Valley Canal would be 
diverted into the north flood channel and discharged into the Richfield Canal (adding a total of 100 cfs to 
the Richfield Canal). 2,100 feet downstream of this confluence 100 cfs would be diverted from the 
Richfield Canal back into the north flood channel and discharged to the Sevier River. As mentioned 
previously, these canals can take 100 cfs with 1 foot of freeboard, each; which is why the 200- and 500-
year events are contained. As a result, the post-project conditions resulted in no flooding up to the 500-
year event 

2.0 Flood Channel Analysis 

2.1 Existing South Flood Channel Evaluation 
The existing south flood channel starts near the mouth of Flat Canyon, on the east side of I-70 just below 
an existing metal overshot structure. The south flood channel is earthen with three relatively straight 
segments and two nearly 90-degree bends. The channel is approximately 8,000 linear feet long with an 
average slope of about 0.0121 feet/foot. The channel has a typical trapezoidal cross-section with a bottom 
width of 6 feet, a top width of 25 feet, and a depth of 6 feet. Using Manning’s equation with an n value of 
0.035, the capacity of the channel was calculated to be approximately 577 cfs. The channel terminates at 
the Richfield Canal near the Richfield Municipal Airport. Existing channel capacity calculations are provided 
in Attachment C. 

The existing overshot structure currently directs flows over the county road, onto agricultural fields, 
through a pig farm, and into the south flood channel. Flows that overwhelm the overshot structure drain 
into the Sevier Valley Canal. Flows directed into the south flood channel are conveyed to the Richfield 
Canal. Both canals are often at capacity when major storm events occur within Flat Canyon. This increases 
the risk of the canals being breached. 

2.2 South Flood Channel Proposed Measures 
The proposed improvement is to enlarge the south flood channel to accommodate the attenuated 100-
year storm flow from the proposed Flat Canyon debris basin. This would enable the channel to convey 
flows from Flat Canyon to the Sevier River while removing flows and associated risks from the canals 
during 100-year and smaller storm events. 

2.2.1 South Flood Channel Flat Canyon Overshot Structure 

The overshot structure would be reconstructed to allow flows to be bifurcated into the south flood 
channel and into the Sevier Valley Canal. The overshot would outlet to a grouted riprap rock chute with an 
energy dissipation pool at the head of the south flood channel. Assuming the attenuated flows from Flat 
Canyon to be 200 cfs, at least 150 cfs would be conveyed over the canal and into the south flood channel, 
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while up to 50 cfs would pass over the sides of the overshot into the Sevier Valley Canal. The sides of the 
overshot structure would act as lateral weirs. Calculation information is provided in Attachment C. 

2.2.2 South Flood Channel Upgrades 

Both bends in the south flood channel would be widened, reshaped, and armored with riprap to prevent 
erosion. The existing culverts, which include two parallel 12-foot by 5-foot concrete box culverts under I-
70, one 6-foot-diameter corrugated metal culvert, and one 12-foot by 5-foot concrete box culvert, all have 
sufficient hydraulic capacity for the proposed design flows. Box culvert abutments and culvert pipe 
entrances will be armored with riprap. Any vertical channel banks would be reshaped to reduce bank 
erosion and meet the minimum cross-sectional area necessary to safely carry the flows. All work would be 
conducted within a 100-foot-wide corridor centered over the 7,900-linear-foot-long channel. The proposed 
channel capacity calculations are provided in Attachment C. 

2.2.3 South Flood Channel Pipeline Inlet Structure 

A pipe inlet structure would be installed in the channel to route flows through a flood pipeline to the 
Sevier River. The inlet structure would be located upstream of the Richfield Canal and would route flows 
either over or under the canal. The inlet structure would have a trash rack to protect the flood pipeline 
from flood debris. The trash rack would be over-sized for partial emergency plugging and be accessible to 
allow raking and cleaning of floating debris by backhoe or other large equipment. 

2.2.4 Closed Conduit Flood Pipeline 

The closed conduit flood pipeline would consist of one 48-inch-diameter pipeline beginning at the splitter 
structure. The pipe would pass under Highway 118 and cross private lands, with the top of the pipe buried 
below normal cultivation practice depths (two feet or more where possible). The estimated pipeline 
alignment length is 8,943 feet. The pipeline would be capable of conveying a maximum of 100 cfs and have 
access manholes at all angle points and spaced no more than 1,000 feet apart to allow for pipe inspection 
and regular cleaning. Placement of the manholes would be coordinated with agricultural landowners to 
reduce land use conflicts as much as possible. Table 2-1 shows additional design information.  

Table 2-1. South Flood Channel Pipeline Design Information. 

Parameter Value 
Proposed Pipe Size 48-inch (DR26) 
Proposed Pipe Material HDPE 
Estimated Length (feet) 8,943 
Maximum Flow Capacity (cfs) 100 
Maximum Velocity (feet/second) 7.96 
Maximum Pressure (psi) 30 
Upstream Invert (feet) 5,336.32 
Downstream Invert (feet) 5273 
Average Slope (feet/foot) 0.0071 

Figure 2-1 shows the pipeline elevation profile with the hydraulic gradeline, static pressure, and dynamic 
pressure. 
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Figure 2-1. South Flood Channel Hydraulic Gradeline Profile 

2.2.5 Pipe Outlet Structure and New Channel and Dike to Sevier River 

The pipe outlet structure would consist of a concrete headwall with flap gate to prevent reverse flows.  

A channel and dike would be constructed downstream of the outlet structure to convey water to the 
Sevier River. The channel would have a 15-ft bottom width with a depth of 3.33’ and side slopes of 3:1. The 
dike would be constructed on the south side of the channel with a 4’ top and 3:1 side slope. The height of 
the dike would vary as needed to achieve required freeboard.  

Tailwater conditions were analyzed to ensure adequate channel capacity during Sevier River flood 
conditions. The maximum recorded flow for the Sevier River near Richfield is 1,078 cfs. LiDAR data were 
used to obtain ground surface elevations for the area below the proposed outlet. Assuming a Manning’s n 
value of 0.035 and a slope of 0.0003, the maximum flood depth was estimated to be 5.70 feet (EL = 5369 
feet). This results in the maximum flood elevation being approximately 4 feet below the proposed outlet 
elevation. As a result, the tailwater conditions would not affect the flood channel capacity at the outlet.  

2.3 North Flood Channel Existing Condition 
The channel is approximately 7,100 linear feet of earthen channel and has an average slope of about 0.012 
feet/foot. The channel has a typical trapezoidal cross-section with a bottom width of 6 feet, a top width of 
26 feet, and a depth of 6 feet. Using Manning’s equation with an n value of 0.035, the capacity of the 
channel was calculated to be approximately 725 cfs with 1 foot of freeboard. The channel outlets into the 
Richfield Canal at the intersection of Highway 118 and 2070 East. Existing channel capacity calculations and 
cross-section information can be found in Attachment C. 
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There are several locations along the channel where the bank has eroded (see Figure 2-2). Modeling 
results indicate that maximum velocity could be as high as 10 feet per second. 

 

Figure 2-2. Eroded Banks on the North Flood Channel 

2.4 North Flood Channel Proposed Measures 
The existing flood channel would be re-shaped to convey the partially attenuated flows from up to the 
100-year event as well as extend the channel to the Sevier River. 

2.4.1 Sevier Valley Canal Emergency Overflow Structure 

An emergency overflow structure would be constructed on the bank of the Sevier Valley Canal to divert up 
to 50 cfs from the canal into the north flood channel. The nearest outlets to the Sevier River from the 
proposed overflow structure are 8 miles upstream (proposed south flood channel) or 6.5 miles 
downstream (Wilkinson Wash Dump Gate). The emergency overflow structure would consist of a cast-in-
place concrete headwall with a broad crested weir and spillway that transitions to a grouted riprap 
spillway and basin. The weir flowline would be set above the normal canal high water mark. There would 
also be an auxiliary emergency dump gate with conduit through the canal bank into the grouted riprap 
spillway basin that could be manually operated to divert up to approximately 50 cfs from the bottom of 
the canal in advance of a flood surge. A preliminary design of this structure is provided in Attachment C, 
which also provides a hydraulic flow rating table for the proposed structure. 
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2.4.2 North Flood Channel Upgrades 

The existing channel is an earthen channel made up of five relatively straight reaches with five 
approximately 90-degree bends. The channel conveys flows through agricultural lands for approximately 
6,800 feet before draining into the Richfield Canal. The 90-degree bends have been maintained and 
armored over the years with broken concrete, large rocks, and concrete grout.  

The upgrades to the channel would include reshaping vertical banks and armoring the existing channel 
bends with riprap to maintain the existing hydraulic conveyance capacity of 725 cfs. Channel reshaping 
would include building up the banks where necessary to provide freeboard and meet the minimum 
consistent cross-sectional area necessary to safely carry the historic and design flows. All work would be 
conducted within a 100-foot-wide corridor centered on the channel. Preliminary channel geometry and 
riprap sizing can be found in Attachment C. 

There are four culverts that have been installed in the channel to provide access for farms, private 
residences, and county roads. Based on the analysis, all four crossings have sufficient hydraulic capacity 
and would not need to be replaced. The results can be found in Attachment C.  

2.4.3 Richfield Canal Emergency Overflow and Pipe Inlet Structure 

An emergency overflow and a pipe inlet structure would be constructed in the bank of the Richfield Canal 
approximately 2,100 feet downstream of the north flood channel. The structure would divert up to 100 cfs 
from the canal into a pipeline that would convey flows to the Sevier River. The emergency overflow 
structure would consist of a cast-in-place concrete headwall with a broad-crested weir and spillway that 
transitions to a grated pipe inlet structure. The trash rack would be constructed to allow raking and 
cleaning of floating debris by backhoe or other large equipment. The weir flowline would be set above the 
normal canal high water mark. A preliminary design of this structure is provided in Attachment D, which 
also contains a hydraulic flow rating table for the proposed structure. 

2.4.4 Closed Conduit Flood Pipeline 

The closed conduit flood pipeline would be a buried 48-inch-diameter pipeline between the Richfield Canal 
and the Vermillion Canal dumpgate. The pipeline would cross under Highway 118, through agricultural 
lands below normal cultivation depths, and under the Vermillion Canal to drain into an existing channel 
that outlets to the Sevier River. 

The estimated length of pipe is 6,700 feet. The pipeline would be capable of conveying a maximum of 100 
cfs and have access manholes at all angle points spaced at no more than 1,000 feet apart to allow for pipe 
inspection and cleaning. Placement of the manholes would be coordinated with landowners to reduce 
surface use conflicts as much as possible. Table 2-2 shows additional design details. Figure 2-3 shows the 
pipeline elevation profile with the hydraulic gradeline, static pressure, and dynamic pressure. 

Table 2-2. North Flood Channel Pipeline Design Information 

Parameter Value 
Proposed Pipe Size 48-inch (DR26) 
Proposed Pipe Material HDPE 
Estimated Length (feet) 6,700 
Maximum Flow Capacity (cfs) 100 
Maximum Velocity (feet/second) 9.43 
Maximum Pressure (psi) 21 
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Parameter Value 
Upstream Invert (feet) 5289 
Downstream Invert (feet) 5245 
Average Slope (feet/foot) 0.0072 

 
Figure 2-3. North Flood Channel Hydraulic Gradeline Profile 

2.4.5 Pipe Outlet Structure to the Sevier River 

The pipe outlet structure would consist of a concrete headwall with flap gate. Flows would drain into an 
existing 640-foot-long channel that drains directly into the Sevier River. The existing flood channel has a 
capacity of approximately 400 cfs with 1 foot of freeboard, which is adequate for the two maximum 
inflows. The channel capacity calculations can be found in Attachment C. 

2.4.6 Sevier Valley Canal Control Gate Structure 

As part of the north flood channel improvements, a flood control gate would be installed on the Sevier 
Valley Canal to increase conveyance capacity. There is currently a stop-log structure at the end of the 
Sevier Valley Canal that is used to increase the water surface elevation so that water can be delivered at 
turnouts along the canal. When flood water enters the canal, the operator must anticipate increased flows 
and manually remove the stop logs to decrease the water surface elevation and the risk of a canal breach. 
This method requires timely identification of a flood risk and having an operator available and able to 
access the site. 
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A new concrete structure with an automated control gate and downstream riprap armoring would be 
installed to replace the existing stop-log structure. The gates could be radial or Rubicon that would actuate 
when the water surface elevations exceed normal operating levels. The gate would open to allow the flood 
waters to continue downstream while maintaining canal operating levels and minimizing the risk of the 
canal breaching. 
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Attachment A. Historical Flood Maps 
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Attachment B. Flat Canyon Flood Inundation Maps 
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Attachment C. Hydraulic Analysis Support Information 

  



South Flood Channel Design Information 
Existing Conditions: Overshot Structure 

 



Existing Conditions: Overshot Structure Rating Curve 

 

Proposed Conditions: Overshot Structure 
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Proposed Conditions: Overshot Structure Rating Curve 

 

Existing Conditions: South Flood Channel 
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Proposed Conditions: South Flood Channel 

 

 



Proposed Conditions: South Flood Channel 48” Culvert 

 

 



Proposed Condition: New Channel to Sevier River 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



North Flood Channel Design Information 
Existing Conditions: Willow Creek Flood Channel 

 

 



Proposed Conditions: Willow Creek Flood Channel 

 

 



 



North Flood Channel: Culvert Exhibit  

 



North Flood Channel: Culvert 1 

 

 



 



 

 



 



North Flood Channel: Culvert 2 

 

 



 



 



North Flood Channel: Culvert 3 

 

 



 



 



North Flood Channel: Culvert 4 

 

 





Existing Conditions: Richfield Canal for North Flood Channel 

 

 



North Flood Channel to Sevier River 

 

 

 



North Flood Channel Sevier River Tailwater Analysis  
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Attachment D. Overflow Weir Details 
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