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Executive Summary

Hydrologic and hydraulic analyses were conducted for the UT NP ARCH 100(2), Bridges on Delicate Arch
Road project located in Arches National Park, Grand County, UT. The project scope is to replace 3 existing
culvert crossings on Salt Valley, Salt, and Winter Camp Wash with bridges that will improve flood capacity
and sediment transport. The adopted hydraulic capacity design frequency is the 10-year flood. This was
selected in agreement with Arches NP as a compromise between project impacts and maintenance of
flow connectivity. Design peak flows were estimated using USGS regression equations and an NRCS
rainfall-runoff model conducted in HEC-HMS. Adopted flows are based on the lower bound of the
regression equations.

Proposed conditions two-dimensional hydraulic modeling was conducted using SRH-2D to estimate water
surface elevations, depths, and flow velocities at the project sites. The proposed configuration at the sites
are bridge structures with 1V:3H spill-through abutment slopes. Low chord elevations at the three sites
will provide a minimum of two feet of freeboard above the 10-year design flood but in most cases will
exceed this criterion. For the design storms evaluated, only the Salt Wash bridge experiences pressure
flow and only for the 200-year event based on the average water surface elevation at the upstream face
of the bridge. While the bridges are not overtopped, Delicate Arch Road will still experience roadway
overtopping between Salt Valley Wash and Salt Wash as flow leaves the channel banks and road geometry
is constrained by existing infrastructure.

Bridge scour evaluations were conducted in accordance with HEC-18 using a 100-year scour design flood
and 200-year scour check flood. Class 3 riprap abutment embankment protection is specified at the three
bridges. The tables below summarize the hydraulic and scour results at the three sites.

Salt Valley Wash Hydraulic Data

Q (cfs) V (ft/s) WS EL. (ft) Scour El. (ft)
Q, 216 7.8 4287.8
Quo 1,117 11.3 4290.7
Qso 2,837 13.5 4292.1
Quo0 3,920 13.8 4293.0 4271.1
Q200 4,851 14.0 42935 4271.0

Water surface elevations are at upstream face of bridge.

Maximum 10-year WS. El. used to determine freeboard = 4,290.7° (measured at upstream face of
Notes: | bridge).

Hydraulic capacity requirements: Bridge low chord provides a minimum 2.0 feet of freeboard above
10-year water surface elevation. Refer to Section 4.6.3 for freeboard values.
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Salt Wash Hydraulic Data

Q (cfs) V (ft/s) WS EL. (ft) Scour El. (ft)
Q 494 3.4 4284.1 -
Qio 2,170 6.3 4287.1 -
Qso 5,106 7.9 4289.3 ---
Quoo 7,066 8.4 4290.0 4270.1
Q00 8,367 8.5 4290.6 4270.1
Water surface elevations are at upstream face of bridge.
Maximum 10-year WS. El. used to determine freeboard = 4,287.1’ (measured at upstream face of
Notes: | bridge).
Hydraulic capacity requirements: Bridge low chord provides a minimum 2.0 feet of freeboard above
10-year water surface elevation. Refer to Section 4.6.3 for freeboard values.
Winter Camp Wash Hydraulic Data
Q (cfs) V (ft/s) WS El. (ft) Scour El. (ft)
Q 434 7.3 4284.2
Quo 2,170 13.0 4286.6
Qso 5,106 15.5 4292.1
Quoo 7,066 14.8 4292.5 4272.1
Qa0 8,367 14.5 4293.0 4271.6
Water surface elevations are at upstream face of bridge.
Maximum 10-year WS. El. used to determine freeboard = 4,286.6’ (measured at upstream face of
Notes: bridge).

Hydraulic capacity requirements: Bridge low chord provides a minimum 2.0 feet of freeboard above
10-year water surface elevation. Refer to Section 4.6.3 for freeboard values.
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1 PROJECT BACKGROUND INFORMATION

1.1 PROJECT INFORMATION

The Central Federal Lands Highway Division (CFLHD) in cooperation with National Park Service, Arches
National Park plan to replace 3 existing culvert crossings on Salt Valley, Salt, and Winter Camp Washes
with bridges. Delicate Arch Road is located in Grand County, UT and provides access to Arches National
Park. Project location map is shown in Figure 1. The scope of the project includes replacing the existing
structures to address the recurring flooding and sediment deposition issues that require repeated closures
of Delicate Arch Road.

According to the USGS National Hydrology Datataset (U.S. Geological Survey 2019) Delicate Arch Road
crosses the 2 intermittent (Salt Valley and Winter Camp) washes and 1 perennial (Salt Wash) wash nearby
their confluence in the Salt Wash Basin. The culvert crossings were installed in the mid 1990s and have
received improvements to allow unobstructed streamflow and sediment transport downstream. A
previous project, Arches National Park UT PRA ARCH 10 (2), assessed the condition of Salt Valley Wash
crossing. The recommendations indicated that at even at full capacity, the culverts are significantly
undersized.

Winter Camp
Wash

'r'"'?“d‘ Pv.

Figure 1: Project Location Map

1.2 EXISTING STRUCTURE

The existing structure on Salt Valley Wash consists of a 75’ long 5-barrel corrugated metal pipe arches
with a span of 48” and rise of 33”. The pipe arch has a headwall at the inlet and has a projecting outlet
configuration. The crossing has a deteriorated and undermined the outlet riprap apron present.
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The existing structure on Salt Wash consists of a 48’ long, 3-barrel concrete box culvert with each box cell
having a span of 6’ and 3’ height. Both the inlet and outlet have a headwall & wingwall configuration. The
culvert does not have any existing bank protection and scour countermeasures.

The exiting structure on Winter Camp Wash consists of a 46’ long, 2-barrel concrete box culvert with each
box cell having a span of 6" and 3’ height.

1.3 FLOODPLAINS

The Federal Emergency Management Agency (FEMA) provides Flood Insurance Rate Maps (FIRMs) that
detail special flood hazard areas. Lands inundated by the base flood (100-year) are subject to National
Flood Insurance Program (NFIP) floodplain management regulations. The project area is located outside
of a FEMA special hazard area . The project will not be subject to NFIP floodplain management regulations
for backwater. For unregulated floodplain zones, the PDDM allows a maximum of 1-foot rise in proposed
condition base flood elevations.
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2 HyprAuLIC DESIGN CRITERIA

The Federal Lands Highway Project Development and Design Manual (PDDM) establishes the hydraulic
design criteria for this project (Federal Lands Highway 2012). The scoping report indicates a design speed
of 35 mph, a design average daily traffic (ADT) of 2,427. Based on these parameters, the corridor is
classified as a high-standard roadway for hydraulic design purposes. The corresponding hydraulic design
criteria is detailed in Table 1. Freeboard is defined as the vertical clearance between the low chord of the
bridge and the design flood water surface elevation (WSE).

Table 1: PDDM Hydraulic Design Criteria

High-Standard Design Check . S
Design Criteria
Roadway Frequency Frequency
Greater of | Minimum 2 ft. of freeboard at the design flood
. 100-year and . L
Bridges 50-year . Woody debris potential is significant: 3.5 - 5.0 ft. of freeboard
overtopping
(< 500-year) | lce flow potential is significant: 5.0 - 10.0 ft. of freeboard
Countermeasure design flood frequency: 200-year
Bridge Scour 100-year 200-year
Use the worst case scour up to and including these events
Unregulated base floodplain: rise < 1.0 ft.
Floodplain Overtopping . . .
R : <
Encroachment 100-year (< 500-year) Regulated floodplain with no detailed FEMA study: rise < 1.0 ft.
Regulated floodplain with detailed FEMA study: rise < 0.00 ft.

Preliminary hydraulic modeling indicates significant challenges with meeting standard PDDM hydraulic
capacity criteria at the three sites. The results of the preliminary analyses were presented to Park
personnel during a meeting on August 7, 2023. Park personnel suggested a 5-year design frequency but
the recommendation from Central Federal Lands is to use the 10-year design frequency to establish
hydraulic capacity at the three sites.

Bridge stability analysis and design will follow standard FLH PDDM criteria. Bridge foundations will be
designed using a 100-year scour design flood and a 200-year scour check flood. The adopted hydraulic
design criteria for the project are shown in Table 2.

Table 2: Adopted Hydraulic Design Criteria

High-Standard Design Check Design Criteria
Roadway Frequency Frequency J
Greater of

100-year and

Bridges 10-year . Minimum 2 ft. of freeboard at the design flood
overtopping
(< 500-year)
Countermeasure design flood frequency: 200-year
Bridge Scour 100-year 200-year

Use the worst case scour up to and including these events
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3 HYDROLOGY

3.1 HYDROLOGIC SETTING AND TOPOGRAPHIC DATA

The project is located in the Colorado Plateau, desert terrain of the Arches National Park in Utah. The
contributing drainage basins for each crossing selected for evaluation were delineated in the Watershed
Modeling System (WMS) (Aquaveo 2021) and the StreamStats web application (U.S. Geological Survey
2019) using 10-meter Digital Elevation Model information obtained from the USGS National Map (U.S.
Geological Survey 2018). Precipitation was determined for each basin using the StreamStats web
application or the NOAA National Weather Service Precipitation Frequency Data Server (NOAA 2011), as
applicable to the hydrologic method for the basin of interest. Hydrologic information including mean basin
elevation, mean annual precipitation, and drainage basin sizes may be found in Appendix B as well as
Table 3 below. Drainage basin delineations are shown in Figure 2.

e \ e
e ) Salt Valley Wash F -
B M -\

=y

e

Figure 2: Basin Delineation
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3.2 BASIN CHARACTERISTICS

The drainage basins for Salt Valley, Salt and Winter Camp Wash were delineated using available 10-meter
Worldwide Elevation Data information obtained from WMS. Additional hydrologic information is included
in the StreamStats output report in Appendix A. A summary of general basin characteristics is provided in

Table 3.

Table 3: Basin Characteristics, Salt Valley Wash

Basin Drainage Area Mean Basin Elevation | Mean Basin Slope Mean Annual
(sg. mi.) (ft.) (%) Precipitation (in.)
Salt Valley Wash 26.69 4,898 9.8 9.62
Salt Wash 117.01 4,880 10.9 9.48
Winter Camp Wash 19.36 5,188 10.9 9.48

3.3 AvAILABLE HYDROLOGIC DATA

According to the USGS National Water Information System (NWIS) (U.S. Geological Survey 2023) there are
no active USGS peak streamflow stations within the project limits. The closest USGS active station is
located on Mill Creek BLW Pack Creek near Moab, UT, approximately 10.8 miles south of Salt Valley Wash.
However, this station does not have sufficient records to analyze stream flow.

Two inactive peakflow stations are located at Cresent Wash near Cresent Junction, Utah (approximately
21.8 miles northwest of Salt Valley Wash) and Kane Springs Canyon near Moab, Utah (approximately 23.2
miles south of Salt Valley Wash). Since peak flow stream data from these stations was included in the
development of the USGS regression equations, as described in section 3.4, no additional analyses was
conducted using this data. Table 4 describes available station information.

Table 4: Available Peak Streamflow Information

Drainage | Period | Total Peak Status
US§S Location Latitude Longitude Area (sq of Streamflow
I mi.) Record Records
Cresent Wash
09328900 near Cresent 38°56'32" 109°49'14" 23.30 1959- 10 Inactive
Junction, UT 1968
Kane Springs
09185200 Canyon near 38°24'00” 109°27'00" 17.80 1959- 15 Inactive
Moab,UT 1974
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3.4 REGRESSION EQUATION ESTIMATES
The Utah regression equations presented in USGS Report 2007-5158 (U.S. Geological Survey 2007) were
used as one method to esimate design flows. The project limits are located in Colorado Plateau Hydrologic
Region (6). The equations developed for this region relate peak discharge to drainage area & mean basin
elevation, using explanatory predictor variable (EPV) ranges of 0.87 — 532 square miles and 4,300-9,380
feet. The average standard error of prediction varies from 60-108% for various storm events, as shown in
the table below. The regression results are also shown in Table 5.

Table 5: Regression Equation Peak Flow Estimates

Basin Annual Exceedance Return Period EPset?lr:'l;It:w Standard Error of
Probability (%) (Year) (cfs) Prediction (%)

50 2 520 108

20 5 1,310 80

10 10 2,100 70

Salt Valley Wash 4 25 3,540 62
50 4,940 60

1 100 6,880 61

0.5 200 8,580 62

0.2 500 11,800 66

50 2 1,190 108

20 5 2,680 80

10 10 4,080 70

Salt Wash 4 25 6,560 62
50 8,890 60

100 12,400 61

0.5 200 14,800 62

0.2 500 19,900 66
50 2 376 108

20 5 970 80

10 10 1,570 70

Winter Camp Wash 25 2,670 62
50 3,750 60

100 5,220 61

0.5 200 6,560 62

0.2 500 9,080 66
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3.5 RAINFALL-RUNOFF MODEL ESTIMATES
Rainfall-runoff modeling was conducted using the hydrologic modeling software HEC-HMS Version 4.4.1
(U.S. Army Corps of Engineers 2020). Additional information is included in Appendix B.

3.5.1 Precipitation

Point precipitation values for the project basins were obtained from NOAA Atlas 14, Volume 8, Version 2
(Perica, Martin and al. 2020) using the Precipitation Frequency Data Server (NOAA 2011) tool in HEC-HMS
(U.S. Army Corps of Engineers 2020). Precipitation values at the basins’ centroid were obtained and used
to represent precipitation over the entire basin. Point precipitation values for a duration of 24 hours are
provided in Table 6.

Table 6: NOAA Atlas 14 24-Hour Point Precipitation

Basin Annual Exceedance Probability Return Period Point Precipitation
(%) (Year) (in.)
50 2 1.11
20 5 1.38
10 10 1.60
Salt Valley Wash 4 25 1.93
50 2.19
1 100 2.47
0.5 200 2.76
0.2 500 3.48
50 2 1.10
20 5 1.36
10 10 1.58
Salt Wash 4 25 1.88
50 2.12
1 100 2.37
0.5 200 2.63
0.2 500 2.80
50 2 1.18
20 5 1.47
10 10 1.71
Winter Camp Wash 4 25 2.05
50 2.33
1 100 2.63
0.5 200 2.94
0.2 500 3.39
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3.5.2 Model Parameters

The NRCS curve number (CN) unit hydrograph method was used to estimate peak runoff (Natural
Resources Conservation Service 1997). The model employed NRCS Web Soil Survey soil data (citation) and
land cover information obtained from the 2011 National Land Cover Dataset (Multi-Resolution Land
Characteristics Consortium 2018). Time of concentration was estimated using the watershed lag time
method.

The Salt Wash basin includes hydrologic soil groups (HSG) A, B, C and D. The Salt Valley Wash basin
includes hydrologic soil groups A, B and D. The Winter Camp Wash basin includes hydrologic soil groups
A and D. The composite curve number for each basin was adjusted to consider an initial abstraction ratio
of 0.05.

Based on NLCD information, the majority of the basin areas are comprised of shrub/scrub land cover type.
Upon evaluation of site information, this land use was adjusted as discussed in Section 3.6. Table 7
presents the composite curve number, time of concentration and travel lag time computed. Curve
Numbers were based on fair conditions. Time of concentration was computed for the fair conditions, using
the NRCS Lag Method (SCS Method).

Table 7 : Composite Curve Numbers and Travel Time

Basin Curve Number Time of Concentration,
hours Lag time, hours
Salt Valley Wash 79 6.65 3.99
Salt Wash 77 10.66 6.40
Winter Camp Wash 63 5.55 3.33

The NPS Arches National Park Services website (National Park Service 2021) states that grasses and
grassland grow throughout the park and is indicated as one of the various vegetation types that covers
the area, particularly grasslands dominated by needle and thread grass. The Anderson Land Cover
Classification System (Anderson, et al. 1983), a paper referenced by the NLCD to create its classifcation,
explains that a herbaceous rangeland in desert environments is usually represented in transitional
situations to desert shrub.

Two scenarios were modeled in HEC-HMS to account for potential peak flow differences due to varying
land cover classifications. In the first scenario, land cover identified as shrub/scrub was assigned a runoff
curve number corresponding to desert shrub obtained from Table 5.4 of HDS-2 (Federal Highway
Administration 2002). For the second scenario the curve number for shrub/scrub was assigned based on
a herbaceous land cover classification from Table 5.5 of HDS-2. When comparing the two rainfall-runoff
model scenarios, it was determined that a desert shrub land cover type resulted in lower peak flows than
a herbaceous land cover type. For this project it was assumed that a herbaceous land cover best
represents the basins and provides a slightly more conservative curve number than desert shrub.
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3.6 ADOPTED DESIGN FLOowS

Two methods were used to compute the design flows for the project, USGS regression equations and an
NRCS rainfall-runoff model. Within the NRCS method analysis, 2 models were evaluated, with the curve
number being the varied parameter as discussed in Section 3.5.2.

Peak flow differences when comparing regression equations and rainfall-runoff model results varied for
the three basins. The upper and lower bounds of the regression equations, computed from the standard
error as shown in Figure 3 to Figure 5, were used as an aid in the comparisons. When considering the
explanatory variables used in the regression equations for the Colorado Plateau Hydrologic Region (Region
6), Salt Valley and Salt Wash fell within the lower quartile of the drainage areas used and Winter Camp
was in the smallest 5%. Mean basin elevation for the basins on this project were also lower than
approximately 80% of the basins used to develop the regression equations.

The rainfall-runoff models developed used basin specific parameters, such as hydrologic soil group, land
cover, and rainfall depth to determine peak flows. As shown in Table 8, the results of the NRCS method
produced flows that were generally lower than the results of the lower bound of the regression equations,
Based on this analysis, the USGS regression equations appear to overpredict flows for these drainage
basins. To provide more convservative flows than the results of the NRCS method, the lower bounds of
the regression equations were selected as the design flows for the three basins. Adopted design flows
can be found in Table 9.
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Table 8 : Peak Flow Comparison

Annual Return Peak Flow Results
Basin Exceeda!rfce Period CN - Herbaceous Streamstats Lower Limit
Probability
(%) (Year) cfs cfs Cfs
50 2 239 520 216
20 5 409 1,310 648
10 10 582 2,100 1,117
25 895 3,540 2,001
Salt Valley Wash 2 50 1,196 4,940 2,837
100 1,577 6,880 3,920
0.5 200 2,101 8,580 4,851
0.2 500 3,192 11,800 6,468
50 2 1,070 1,190 494
20 5 1,721 2,680 1,326
10 10 2,367 4,080 2,170
25 3,475 6,560 3,709
Salt Wash 2 50 4,474 8,890 5,106
1 100 5,690 12,400 7,066
0.5 200 7,304 14,800 8,367
0.2 500 10,703 19,900 10,907
50 2 167 376 156
20 5 295 970 480
10 10 432 1,570 835
25 677 2,670 1,510
Winter Camp Wash 2 50 924 3,750 2,154
1 100 1237 5,220 2,975
0.5 200 1669 6,560 3,709
0.2 500 2570 9,080 4,977
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Salt Wash (2B)

27,500
25,000 |
22,500 |
20,000
17,500 |
w
t'{ 15,000 @ pper Limit
g
= | o\VET Limit
=
T 12,500 |
o Stream Stats
CN - Desert
10,000 Shrub
CN -
Herbaceous
7,500
5,000
2,500 |
0 /
0 25 50 75 100 125 150 175 200
Recurrence Interval, YR
Figure 3: Salt Wash Peak Flow Comparison
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Figure 4: Winter Camp Wash Peak Flow Comparison
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Figure 5 : Salt Valley Wash Peak Flow Comparison
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Table 9: Adopted Design Flows

Basin Annual Exceedance Probability Return Period Peak Flow
(%) (Year) (cfs)
50 2 216
20 5 648
10 10 1,117
4 25 2,001
Salt Valley Wash 2 50 2,837
1 100 3,920
0.5 200 4,851
0.2 500 6,468
50 2 494
20 5 1,326
10 10 2,170
4 25 3,709
Salt Wash 2 50 5,106
1 100 7,066
0.5 200 8,367
0.2 500 10,907
50 2 156
20 5 480
10 10 835
4 25 1,510
Winter Camp Wash 2 50 2,154
1 100 2,975
0.5 200 3,709
0.2 500 4,977

19 | Page UT NP ARCH 100(2) — Final Hydraulics Report




4 HyDRAULIC ANALYSIS

4.1 HYDRAULIC SETTING

All three washes on the project cross Delicate Arch Road and have a confluence downstream of the road
crossings. Winter Camp Wash and Salt Wash have a confluence 750 feet downstream of Delicate Arch
Road. Approximately 2,000 feet downstream of this point, Salt Wash has confluence with Salt Valley
Wash. Salt Valley Wash and Winter Camp Wash are ephemeral drainages, while Salt Wash is a perennial
stream.

4.2 HypRAULIC MODEL DEVELOPMENT

Two-dimensional hydraulic modeling simulations were conducted using SRH-2D (U.S. Bureau of
Reclamation 2020) to estimate water surface elevations, water depths, and flow velocities at the project
sites. The SRH-2D computational mesh generation and model pre- and post-processing was performed
using the surface-water modeling system (SMS) interface (Aquaveo 2023). Due to the proximity of the
stream confluences a single hydraulic model encompassed all three sites.

4.3 TOPOGRAPHIC INFORMATION

Two sources of topographic information were used to develop the hydraulic models: field survey
information collected by CFLHD along the project corridor in January 2023 and LiDAR information
provided by The NPS-Arches National Park in December 2022. The two sources were merged and used in
the SRH-2D analysis. The resulting topographic surface is shown in Figure 6. All elevations for the study
are referenced to the North American Vertical Datum of 1988 (NAVDS88).

SRH-2D uses a computational mesh to solve the two-dimensional flow equations (depth-averaged St.
Venant equations). The mesh defines the underlying topography and geometric properties of each
computational element. The mesh was developed using the merged topographic information as shown in
Figure 7.
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Winter Camp
Wash

Figure 6: Field Survey Merged with LiDAR
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Figure 7 : SRH-2D Mesh

4.4 BOUNDARY CONDITIONS

Seven boundary conditions were specified in the model. The upstream boundary conditions for all existing
crossings was specified as Inlet-Q constant discharge using the adopted design flows values. The
downstream boundary condition was placed below the conflucence of all three drainages and was
specified as Exit-H with constant water surface elevation obtained using the SMS channel calculator,
composite Manning’s n, and the slope downstream of the boundary of the model to compute normal
depth. For existing conditions, three HY-8 internal boundary conditions were established at each crossing
to simulate culvert hydraulics. For proposed conditions, these were substituted with pressure flow
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boundary conditions developed using the SMS 3D Structure tool. In addition, bridge piers were simulated
using holes in the mesh representing the average pier dimensions. The boundary condition locations are
shown in Figure 8.

Inlet-Q (Salt Wash)

—— = Inlet-Q, (Winter Camp Wash)

\

Inlet-C

Inlet-Q (Salt Valley Wash)

{HY-8 Culvert (Salt Valley Wash) \

- 43740

_ 4364.0
4354.0

- 43440

- 4334.0

- 43240
-4314.0

- 4304.0
B 42940
- 4284.0
== 42740

Feet (1.5, Survey)
] 280 500

Figure 8: Boundary Conditions

4.5 LaND COVER

SRH-2D uses Manning’s “n” values to compute friction corresponding to the roughness of the streambed
and floodplain. Land use was delineated using aerial imagery and topographic information. Figure 9
provides a breakdown of roughness values, obtained from Table 3-1 of the HEC-RAS Hydraulic Reference
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Manual (U.S. Army Corps of Engineers 2020) used within the project domain. Table 10 provides the values
selected for land cover roughness coefficient.

Winter Camp
Wash

# /Py
ATty iy
T <

g

Manning's "n
Channel 0.035
Floodplain Brush 0.05
Pavement 0.016

\. Feet (U5, Survey)
- 500
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A Wk i Vel T Tk
P AT

| 2 W

Figure 9: Land Cover and Manning’s Roughness

Table 10 : Manning’s Roughness Coefficients

Land Use Manning's "n"

Channel 0.035
Floodplain Brush 0.05

Pavement 0.016
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4.6 HyDpRAULIC MODEL RESULTS

Hydraulic simulations were conducted for the 2-, 10-, 25-, 50-, 100-, and 200- year return periods using
the parameters described in preceding sections. Hydraulic results and water surface profiles were
extracted along cross sections and channel profiles, as depicted in Figure 10 through Figure 12. The cross
section was placed at the assumed upstream face of the proposed bridges for comparison of existing and
proposed conditions. The water surface elevation profiles were extracted approximately along the
channel thalweg. Due to the two-dimensional model domain, the profile does not necessarily represent
the maximum water surface elevations but shows the general profile shape through the crossings. To
establish the minimum freeboard requirements the maximum water surface elevation at the upstream
face of the proposed bridges was used.

Culvert Location [~

Mesh Module
z
TS
-4374.0
- 4364.0
4354.0
43440
- 4334.0
- 4324.0 / v
-4314.0 Faat (15, Survey)
- 4304.0 [
4234.0
4284.0
-4274.0
4264.0

a0

Figure 10: Profile and Cross Section Upstream, Salt Valley Wash
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Figure 11: Profile and Cross Section Upstream, Salt Wash
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Figure 12: Profile and Cross Section Upstream, Winter Camp Wash

4.6.1 Existing Conditions Model Results

Table 11 to Table 13 show the existing conditions hydraulic model results for the 2-, 10-, 50-, 100-, and
200-year storm events. Figure 13 to Figure 15 show the water surface profiles. As can be seen the three
sites show significant overtopping in almost all events. Maps showing the two-dimensional water surface
elevation results are included in Appendix C.

Table 11 : Existing Conditions Hydraulic Results — Salt Valley Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)
Period . . .
(Vear) Average | Maximum | Average | Maximum | Average | Maximum
2 2.7 4.5 1.6 2.4 4288.8 4288.9
10 2.9 6.3 2.6 5.4 4291.9 4292.3
50 4.7 8.8 35 6.5 4292.8 4292.9
100 5.7 9.5 3.9 6.9 4293.2 42934
200 5.1 9.2 3.7 6.6 4293.0 4293.1
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Table 12 : Existing Conditions Hydraulic Results — Salt Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)

Period . . .

(Year) Average | Maximum | Average | Maximum | Average | Maximum
2 2.4 3.8 0.4 1.0 4284.7 4285.0
10 4.5 6.4 2.5 3.2 4286.9 4287.2
50 5.5 8.0 4.0 4.5 4288.3 4288.6
100 5.9 8.5 4.6 5.3 4289.0 4289.3
200 5.6 8.2 4.2 4.8 4288.6 4288.9

Table 13 : Existing Conditions Hydraulic Results — Winter Camp Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)

Period . . .

(Vear) Average | Maximum | Average | Maximum | Average | Maximum
2 0.5 0.9 0.7 1.4 4286.1 4286.1
10 3.2 43 1.8 5.0 4289.5 4290.1
50 4.8 7.6 23 6.1 4290.3 4291.0
100 53 8.4 2.7 6.5 4290.7 4291.4
200 5.0 8.1 2.5 6.3 4290.5 4291.2

Salt Valley Wash

Existing Water Surface Profiles
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] )
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Figure 13 : Existing Salt Valley Wash Profile
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Figure 14 : Existing Salt Wash Profile
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4.6.2 Proposed Conditions Model Results

Proposed conditions were established by modifying the existing topographic data and SRH-2D mesh to
account for the existing culvert and roadway embankment removal. Other parameters, such as inlet and
outlet boundary conditions and land cover, remained as in the existing condition. For Salt Valley Wash,
the roadway will be realigned approximately 40 feet northeast as shown in the project plans. The
proposed channel through the bridges will match downstream and upstream existing channel conditions
to the extent practicable. Proposed abutments consist of spill-through 1V:3H slopes. Table 14 through
Table 16 show the proposed conditions hydraulic model results extracted upstream of the bridges for the
2-, 10-, 50-, 100-year, and 200-year storm events. Figure 16 through Figure 18 show the water surface
profiles cut along the channel centerline. Maps showing the two-dimensional water surface elevation
results are included in Appendix D.

Table 14 : Proposed Conditions Hydraulic Results — Salt Valley Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)

Period

(Year) Average | Maximum | Average Average | Average | Maximum
2 5.8 7.8 0.6 1.0 4287.2 4287.8
10 7.5 113 15 2.7 4289.4 4290.7
50 9.1 13.5 2.8 4.7 4291.2 4292.1
100 10.3 13.8 34 5.4 4291.8 4293.0
200 10.8 14.0 3.7 5.8 4292.1 4293.5

Table 15 : Proposed Conditions Hydraulic Results — Salt Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)

Period

(Year) Average | Maximum | Average | Maximum | Average | Maximum
2 2.0 3.4 3.4 5.9 4283.5 4284.1
10 3.9 6.3 4.7 9.4 4286.6 4287.1
50 5.9 7.9 5.4 11.2 4288.3 4289.3
100 6.2 8.4 6.1 12.1 4289.0 4290.0
200 6.2 8.5 6.5 12.6 4289.4 4290.6

Table 16 : Proposed Conditions Hydraulic Results — Winter Camp Wash

Return Velocity (ft/s) Depth (ft) WSEL (ft)

Period

(Year) Average | Maximum | Average | Maximum | Average | Maximum
2 5.6 7.3 0.8 1.2 4284.1 4284.2
10 7.9 13.0 1.5 2.7 4285.8 4286.6
50 7.9 15.5 1.3 4.7 4288.9 4292.1
100 8.3 14.8 2.0 5.9 4289.6 4292.5
200 8.7 14.5 2.5 6.7 4290.2 4293.0
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Figure 16 : Proposed Salt Valley Wash Profile
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Figure 17 : Proposed Salt Wash Profile
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Figure 18 : Proposed Winter Camp Wash Profile
4.6.3 Bridge Freeboard

Bridge freeboard using average and maximum waters surface elevations at the upstream face of the
bridges is reported in Table 17 through Table 19. Bridge freeboard was targeted to be a minimum of 2-
feet for a 10-year design storm. As shown in the tables the desired freeboard criteria is satisfied. For the
design storms evaluated, only the Salt Wash bridge experiences pressure flow and only for the 200-year
event based on average conditions.

Table 17 : Bridge Freeboard — Salt Valley Wash

Return WSEL (ft) Bridge Low Freeboard (ft)
Period
(Year) | Average | Maximum Chord (ft) | Average | Minimum
2 4287.2 4287.8 7.8 7.3
10 4289.4 4290.7 5.6 4.4
50 4291.2 4292.1 4295.0 3.9 3.0
100 4291.8 4293.0 3.3 2.1
200 4292.1 4293.5 2.9 1.5
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Table 18 : Bridge Freeboard — Salt Wash

Return WSEL (ft) Bridge Low Freeboard (ft)
Period
(Year) | Average | Maximum Chord (ft) | Average | Minimum
2 4283.5 4284.1 5.6 5.1
10 4286.6 4287.1 2.6 2.1
50 4288.3 4289.3 4289.1 0.8 -0.2
100 4289.0 4290.0 0.1 -0.8
200 4289.4 4290.6 -0.3 -1.5

Table 19 : Bridge Freeboard — Winter Camp Wash

Return WSEL (ft) Bridge Low Freeboard (ft)
Period
(Year) | Average | Maximum Chord (ft) | Average | Minimum
2 4284.1 4284.2 8.9 8.8
10 4285.8 4286.6 7.2 6.4
50 4288.9 4292.1 4293.0 4.1 0.9
100 4289.6 4292.5 33 0.5
200 4290.2 4293.0 2.8 0.0

4.7 SCOUR EVALUATION

Bridge scour was evaluated for the three bridges in accordance with HEC-18 (Federal Highway
Administration 2012). As stated in Section 2, scour is evaluated using a 100-year scour design flood and
the 200-year scour check flood. Total scour is the combination of long-term degradation, contraction
scour and local scour (pier and abutment scour). For this project, abutment scour was estimated using the
NCHRP 24-20 method.

4.7.1 Geotechnical Investigation

Streambed samples were collected at Salt Valley Wash and Winter Camp Wash as part of the subsurface
investigation documented in the project Geotechnical Report. Streambed materials were generally
classified as poorly graded sands (SP). A gradation analysis of streambed material resulted in median
particle sizes (D50) of 0.37 mm (0.0012 ft) and 0.31 mm (0.0010 ft) for the two sample sites. Due to the
similarity the smallest median particle size was used to conduct the scour evaluation. Long term
degradation was assumed to be zero based on the observed flow conditions of the washes and site
conditions showing deposition. Any degradation evident at the sites appeared to be local and induced by
the undersized culverts. It is expected that the installation of the bridges will improve the sediment
connectivity at the crossings and channels

Contraction scour can occur under two conditions: live-bed and clear-water. Live-bed scour occurs when
there is sediment transport of bed material from the upstream reach into the bridge section. Clear-water
scour occurs when there is no transport of bed material into the bridge section. The applicable scour case
is determined by comparing the mean velocity of the channel with the critical velocity for initiation of
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motion using the median size (Dso) of the streambed materials. Based on the materials observed on site
and the results of the geotechnical investigation a live bed scour condition can be expected. Abutment
scour was estimated using the NCHRP 24-20 method which applies an amplification factor to the
contraction scour at the abutments. A type a (main channel) scour condition was assumed in accordance
with HEC-18. Pier scour was based on the HEC-18 pier scour equation. For the three sites, abutment scour
depths were less than pier scour depths. Due to the potential for abutment flanking and lateral channel
migrations it is recommended that the maximum scour elevations associated with pier scour are applied
to both abutments and piers, and that they are referenced to the channel thalweg. A summary of total
scour depths and recommended scour elevations are shown in Table 20. Addiitonal details can be found
in Appendix D.

Table 20: Total Scour Results

. Long Term . . Total Reference | Total Scour
. . Design . Contraction | Pier Scour . .
Bridge Site Flood Degradation Scour (ft) (ft) Scour Elevation Elevation
(ft) (ft) (ft) (ft)
100-year 0 1.43 7.44 8.87 4,280.0 4,271.1
Salt Valley
Wash 200-year 0 1.46 7.56 9.02 4,280.0 4,271.0
100-year 0 0.61 6.32 6.93 4,277.0 4,270.1
Salt Wash
200-year 0 0.61 6.25 6.86 4,277.0 4,270.1
. 100-year 0 2.55 7.81 10.36 4,282.5 4,272.1
Winter
Camp Wash | 0 vear 0 3.1 7.84 1094 | 42825 42716

Since the foundations are designed for total scour, no additional scour countermeasures are required for
foundation stability. To protect the abutment slopes abutment embankment riprap is required at all three
sites. Riprap sizing was evaluated using the 100-year scour design flood, the resulting riprap sizes varied
from Class 2 up to Class 7. Due to difficulties sourcing riprap in the project area Class 3 was selected for
abutment embankment protection at all sites. Riprap should be embedded a minimum of 2 feet below
streambed level and extend a minimum of 25-feet behind and around the abutments. Riprap thickness
should be approximately 30-inches. Class 1, Type A geotextile filter is recommended 0 in-situ soils with
less than 15% passing a #200 (0.075 mm) sieve. For Salt Valley Wash left bank (looking downstream),
abutment riprap should transition into bank protection and extend an additional 25-feet upstream. Riprap
layout details can be found in the project plans.
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Appendix A

Existing Site Conditions
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Existing Conditions Photos

Salt Valley Wash
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BRG: 180°S (T) POS: 38°44'0"N, 109°31'26"W +13ft ALT: 4279ft

Downstream of Salt Valley Wash
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Salt Wash
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BRG: 24°NE (T) POS: 38°44'6"N,109°3110"W +13ft ALT: 4271ft

Outlet of Salt Wash
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Winter Camp Wash
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Upstream of Winter Camp Wash
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Winter Camp Wash, Downstream
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Appendix B
Hydrology
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StreamStats Salt Valley Wash

Salt Valley Wash StreamStats Report

Region ID: uTt

Workspace ID: UT20220804152301034000

Clicked Point (Latitude, Longitude):  38.73343,-109.52378
Time: 2022-08-04 09:23:16 -0600

B Collapse All
) E - DI l s I_
Parameter
Code Parameter Description Value Unit
APRAVPRE Mean April Precipitation 0.96 inches
AUGAVPRE Mean August Precipitation 0.89 imches
BSLDEM10M Mean basin slope computed from 10 m DEM 10.5 percent
DECAVPRE Mean December Precipitation 0.66 imches
DREMAREA Area that drains to a point on a stream 26.7 square
miles
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A2, 924 AM STeamiiats

Parameter

Code Parameter Description Value Unit
ELEV Mean Basin Elevation 4900 feet
FEEAVFRE Mean February Precipitation 0.59 inches
FOREST Percentage of area covered by forest 1.32 percent
JANAVPRE Mean January Precipitation 0.75  inches
JULAVFRE Mean July Precipitation 0.91 inches
JUNAVPRE Mean June Precipitation 0.44  inches

LCT11DEV Percentage of developed (urban) land frem MLCD 2011 1.15 percent
classes 21-24

LCTTIMP Average percentage of impervious area determined 0.18 percent
from HLCD 2011 impervious dataset

LUS2ZHREM  Percent Matural Herbaceous Upland from NLCD1992 518 percent

MARAVPRE Mean March Precipitation 1.02 inches
MAYAVPRE  Mean May Precipitation 1.01 inches
HOVAVPRE Mean November Precipitation 0.96 inches
OCTAVPRE Mean October Precipitation 1.47  inches
PRECIP Mean Annual Precipitation 9.62 inches
SEPAVPRE Mean September Precipitation 0.85 inches

SLOP30_10M Percent area with slopes greater than 30 percent from 7.14  percent
10-meter NED

> Peak-Flow Statistics

Peak-Flow Statistics Parameters [Region 6]

Parameter Code Parameter Name Value Units Min Limit  Max Limit
DRNAREA Drainage Area 26.7 square miles 0.87 832
ELEV Mean Basin Elevation 4900 feet 4300 9380

Peak-Flow Statistics Flow Report [Region 6]

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard
Error of Prediction, SE: Standard Error (other - see report)

hittps: #streamstats. usgs. goviss! 23
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Bi47z2, 224 AM Steamiiat

Statlatlc Value Unit SE ASEp Equiv. Yrs.
50-percent AEP flood 520 ft*3/s 108 108 1.4
20-percent AEP flood 1310 ft*3/s 80 a0 3
10-percent AEP flood 2100 ft*3/s 70 70 5.1
4-percent AEP flood 3540 ft*3/s [ 62 8.4
Z-percent AEP flood 4940 ft*3/s &0 &0 11
1-percent AEP flood 6880 ft*3/s 61 &1 13
0.5-percent AEP flood 8580 ftr3/s 62 62 14.4
0.2-percent AEP flood 11800 ftr3/s 66 66 15.4
Peak-Flow Statistics Citations

Kenney, T.A., Wilkowske, C.D., and Wright, 5..J.,2007, Methods for Estimating
Magnitude and Frequency of Peak Flows for Natural Streams in Utah: 1.5, Geological
Survey Scientific Investigations Report 2007-5158, 28 p.
{http://pubs.usgs.gov/sir/2007/5158/)

U565 Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considerad to satisfy the guality
standards relative to the purpose for which the data were collected. Although these data and associated metadata have
been reviewed for accuracy and completeness and approved for release by the U.5. Geological Survey (USGS), no warranty
expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems,
nor shall the act of distribution constitute any such warranty.

USG5 Software Disclaimer: This software has been approved for release by the U.5. Geological Survey (USGS). Although the
software has been subjected to rigorows review, the USG5 reserves the right to update the software as needed pursuant to
further analysis and review. Mo warranty, expressed or implied, is made by the USG5 or the U.5. Government as to the
fumctionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermare,
the software is released on condition that neither the USG5 nor the U.S. Government shall be held liable for any damages
resulting from its authorized or unauthorized use.

USGES Product Mames Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not

imply endorsement by the U.5. Gowvernment.

Application Version: 4.10.1
StreamStats Services Version: 1.2.22
M55 Services Version: 2.2.1

hitps:istreamstats. usgs. goviss! k1]
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StreamStats Salt Wash

F.M.QE. 340 AM StreamSiats

Salt Wash StreamStats Report

Region 1D: uT

Workspace 1D: UT20220804144437309000

Clicked Point (Latitude, Longitude): 38.73516, -109.51906
Time: 2[)22 Dﬂ»—'.'M 08:44:51 -0e00

| —

F
; *;'"'..'-r

=]

B Collapse All
2 Basin Characteristics
Parameter
Code Parameter Description Value Unit
APRAVPRE Mean April Precipitation 0.88 inches
AUGAVPRE  Mean August Precipitation 0.84 inches
BSLDEM10M Mean basin slope computed from 10 m DEM 104 percent
DECAVPRE Mean December Precipitation 0.6 inches
DRNAREA Area that drains to a point on a stream 117 square
miles
nittps:{/Etreamstats. usgs goviss! 13
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iz, 340 AM STeamitas

Parameter

Code Parameter Description Value Unit
ELEV Mean Basin Elevation 4880 feet
FEBAVPRE Mean February Precipitation 0.56 inches
FOREST Percentage of area covered by forest 0.42 percent
JANAVPRE Mean January Precipitation 0.76 inches
JULAVFRE Mean July Precipitation 0.8 inches
JUNAVPRE Mean June Precipitation 0.4 inches
LC11DEV Percentage of developed (urban) land from NLCD 2011 0.3 percent

claszes 21-24
LCTTIMP Average percentage of impervious area determined 0.14 percent

fram NLCD 2011 impervious dataset

LU9ZHRBN Percent Matural Herbaceous Upland from MLCD1992 9.4 percent

MARAVPRE Mean March Precipitation 1 inches
MAYAVPRE Mean May Precipitation 0.97  inches
NOVAVPRE Mean November Precipitation 0.83 inches
OCTAVPRE Mean October Precipitation 1.33 inches
PRECIP Mean Annual Precipitation 9.48 inches
SEPAVPRE Mean September Precipitation 0.87 inches

SLOP30_10M Percent area with slopes greater than 30 percent from 7.65 percent
10-meter NED

» Peak-Flow Statistics

Peak-Flow Statistics Parameters [Region 6]

Parameter Code Parameter Name Value Units Min Limit Max Limit
DRHMAREA Draimage Area 117 square miles 0.87 532
ELEV Mean Basin Elevation 4880 feet 4300 9380

Peak-Flow Statistics Flow Report [Region 6]

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard
Error of Prediction, SE: Standard Error (other - see report)

hittps: streamstats. Lsgs. goviss! 203
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A4, 340 AM Steamstats

Statlstic Value Unit SE ASEp Equiv. Yrs.
50-percent AEP flood 1190 ft*3/s 108 108 1.4
20-percent AEP flood 2680 ft*3/s 80 a0 3
10-percent AEP flood 4080 ft*3/s 70 70 5.1
4-percent AEP flood 6560 ft*3/s 62 62 8.4
2-percent AEP flood 8890 ft*3/s &0 a0 11
1-percent AEP flood 12400 ft*3/s 61 a1 13
0.5-percent AEP flood 14800 ft*3/s 62 62 14.4
0.2-percent AEP flood 19900 ft*3/s 66 66 15.4
Peak-Flow Siatistics Citations

Kenney, T.A., Wilkowske, C.D., and Wright, 5.J.,2007, Methods for Estimating
Magnitude and Frequency of Peak Flows for Natural Streams in Utah: 0.5, Geological
Survey Scientific Investigations Report 2007-5158, 28 p.
{http://pubs.usgs.gov/sir/2007/5158/)

USG5 Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the guality
standards relative to the purpose for which the data were collected. Although these data and associated metadata have
been reviewed for accuracy and completeness and approved for release by the U.S. Geological Survey (USGS), no warranty
expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems,
nar shall the act of distribution constitute any such warranty.

USG5 Software Disclaimer: This software has been approved for release by the U.5. Geological Survey (USGS). Although the
software has been subjected to rigorous review, the USG5 reserves the right to update the software as needed pursuant to
further analysis and review. No warranty, expressed or implied, is made by the USGS or the U5, Government as to the
functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermaore,
the software is released on condition that neither the USGS nor the U5, Government shall be held liable for any damages

resulting from its authorized or unauthorized use.

USG5 Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not
imply endorsement by the U.5. Government.

Application Version: 4.10.1
StreamStats Services Version: 1.2.22
M55 Services Version: 2.2.1

hitps:streamstats. usgs. gowss! a3
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StreamStats Winter Camp Wash

Winter Camp Wash StreamStats Report

Region 1D: uT

Workspace 1D: UT20220804152839316000

Clicked Point (Latitude, Longitude):  38.73403, -109.51730
Time: 2022-08-04 09:28:53 -0600

B Collapse All
> Basin Characteristics
Parameter
Code Parameter Description Value Unit
APRAVPRE Mean April Precipitation 1.086 inches
AUGAVPRE  Mean August Precipitation 0.95 inches
BSLDEMI10M Mean basin slope computed from 10 m DEM 11.5 percent
DECAVPRE Mean December Precipitation 0.7 inches
DRMAREA Area that drains to a point on a stream 19.2 square
miles
nﬁ:&rﬂw 13
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a7, 9-32 AM STeam3iats

Parameter

Code Parameter Description Value nit
ELEV Mean Basin Elevation 5190 feet
FEEAVFRE Mean February Precipitation 0.68 inches
FOREST Percentage of area covered by forest 0.18 percent
JANAVPRE Mean January Precipitation 0.77 inches
JULAVFPRE Mean July Precipitation 1.05 inches
JUNAVPRE Mean June Precipitation 0.5 inches
LC11DEV Percentage of developed {urkan) land frem NLCD 0 percent

2011 classes 21-24
LCTTIMP Average percentage of impervious area determined  0.000153 percent
from WLCD 2011 impervious dataset

LUSZHREN  Percent Matural Herbaceous Upland from NLCD1992 4.5 percent
MARAVPRE Mean March Precipitation 1.13 inches
MAYAVPRE Mean May Precipitation 1.12 inches
HOVAVPRE  Mean Movember Precipitation 1.14 inches
OCTAVPRE Mean October Precipitation 1.61 inches
PRECIP Mean Annual Precipitation 10.6 inches
SEPAVPRE Mean September Precipitation 0.92 inches
SLOP30_10M Percent area with slopes greater than 30 percent 6.89 percent

from 10-meter NED

> Peak-Flow Statistics

Peak-Flow Statistics Parameters [Region 6]

Parameter Code Parameter Hame Value Units Min Limit  Max Limit
DEMAREA Drainage Area 19.2  square miles 0.87 532
ELEV Mean Basin Elevation 5190 feet 4300 9380

Peak-Flow Statistics Flow Report [Region 6]

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard
Error of Prediction, SE: Standard Error (other - see report)

hitps:streamstats. usgs gowss! 23
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ad722, 9:32 AM STeam3iats

Statletle Value Unit SE ASEp Equiv. ¥rs.
50-percent AEP flood 376 ft*3/s 108 108 1.4
Z0-percent AEP flood 970 ft*3/s 80 80 3
10-percent AEP flood 1570 ft*3/s 70 70 5.1
4-percent AEP flood 2670 ft*3/s 62 62 8.4
Z-percent AEP flood 3750 ft*3/s 60 60 11
1-percent AEP flood 5220 ft*3/s 61 61 13
0.5percent AEP flood 6560 ft*3/s 62 62 14.4
0.2-percent AEP flood 9080 ft*3/s 66 66 15.4
Peak-Flow Statistics Citations

Kenney, T.A., Wilkowske, C.0., and Wright, 5.0.,2007, Methods for Estimating
Magnitude and Frequency of Peak Flows for Natural Streams in Utah: U.5. Geological
Survey Scientific Investigations Report 2007-5158, 28 p.
(http://pubs.usgs.gov/sir/2007/5158/)

USG5 Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality
standards relative to the purpose for which the data were collected. Although these data and associated metadata have
been reviewed for accuracy and completeness and approved for release by the U.S. Geological Survey (USG5), no warranty
expressed orimplied is made regarding the display or utility of the data for other purposes, nor on all computer systems,
nor shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.5. Geological Survey (USGS). Although the
software has been subjected to rigorous review, the USGS reserves the right to update the software as needed pursuant to
further analysis and review. Mo warranty, expressad or implied, is made by the USGS or the U_5. Government as to the
functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermare,
the software is released on condition that neither the USGS nor the U5, Government shall be held liable for any damages

resulting from its authorized or unauthorized use.

USGS Product Mames Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not
imply endorsement by the U.5. Government.

Application Version: 4.10.1
StreamStats Services Version: 1.2.22
M55 Services Version: 2.2.1

hitps:streamstats. usgs gowss! B

B9 | Hydrology UT ARCH 100(2) — Draft Hydraulics Report




Fﬂﬁﬂz. 258 PM

Precipitation Frequency Data Server Information — Salt Valley Wash

Precipliziion Frequency Data Server

NOAA Atlas 14, Violume 1, Version 5
Location name: Thompson, Utah, USA*
Latitude: 38.7624°, Lomgitude: -109.6102°
Elevation: 4805.39 ft**
= source ESRI Maps
" sodpre: USGE

POINT PRECIPITATION FREGUENCY ESTIMATES
Sanja Perica, Sarsh Diete, Sarsh Helen, Lilln Hirer, Kazungu Maltars, Deborsh Martie, Sandrs
Fawiowic, Ishanl Roy, Can Trypaiek, Dale Unrun, Fenglin Yan, Rdichael Yekia, Tan Zhan, Geofrey
[Bonnin, Daniel Brewer, LHChuan Chen, Tye Farzybok, John Yarchoan

NOAA, Malional Wealher Serdce, Elver Soring, Manfand

PF tabwular | PF_graphical | Maps & aerials
PF tabular
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Precipitation Frequency Data Server Information — Salt Wash

BI16022, 3:02 PM Precipiation Frequency Data Server

NOAA Atlas 14, Volume 1, Version 5
Location name: Thompson, Utah, USA*
Latitude: 38.5186°, Longitude: -109.6161°
Elewation: 4821.88 ft**

" source ESRI Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarsh Dietz, Sarsh Helm, Lilian Hiner, Kazungu Maltars, Deborsh
Pawizrdc, Ishanl Roy, Canl Traosiek, Daie Unrun, Fanglin Yn, ummmmm
Bornin, Duaniel Brewer, L-Chusn Chen, Tye Farzibok, John Yarchosn

MOAA, Malional Wealher Serdce, Slver Soring, Meaniand

PF _tabular | PF_graphical | Maps & aeriss

PF tabular
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Precipitation Frequency Data Server Information — Winter Camp Wash

1622, 300 PM Precipitation Frequency Data Server

NOAA Atlas 14, Volume 1, Version 5
Location name: Thompson, Ukah, USA*
Latitude: 3876017, Longitude: -109.4485°
Elevation: 5137.55 ft™
" source- ESR Maps
" gourre: USGE

POINT PRECIPITATION FREQUENCY ESTIMATES
Sanja Ferica, Saah Distr, Saran Heim, Lilan Hiner, Kazmungu Maiars, Deborah Wartin, Sandry
Paioic, Ishanl Roy, Can Trypasiuk, Dale Unnuh, Fenglin Yan, Michae! Yeiia, Tan oo, Geofiey
Sonnin, Canied Brewesr, LHCFwan Chen, Tye Parsybok, John Yarchosn
MM, Mabional Weather Sersics, Eliver Spring, Margand

FF tabular | PE_graphical | Maps & serials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals {in inn::hn&e:;]1
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0. 1B6-0.245) ||0.244-0.321) (0.533.0.552) | ¢ |0.838-1.35) [1.28-2.22)

Hmin 0.28E 0367 0.495 0633 0815 0883 113 142 179 213
(0.251.0.335) |0.325.0.433) |10.443-0.588) | 0.555-0.740)|i0.720-0.8800(| 0.851-1.200 || (1.03-1.450 || (1.29-1.88) || (1.45-2.43) || [0.72-2.83)

Bl-min 0.354 0455 0s18 0T 1M 1.22 147 17 222 264
(0.340-0.415}) |i0.407-0.535) |i0.545-0.738) [ m.e=7-0.546) | 00.891-9.21) || (1.07-1.4% || (9371840 || (1.50-2.27) || i1.84-2.93) || (293-3.71)

2hr 0.433 0.545 0730 0837 118 1.44 174 212 272 328
(0.386-0.502) (0.480-0.628) |0.543-0.840)| L7Es-1.03) || (1.09-1.38) || (120185 || (1422041 || (1.67-2.50) || (205328 || 238204

1hr 0.483 0.805 0.785 0353 1.22 1.47 1.78 215 275 331
|0.432.0.547) 0.537-0.686) |10.s57-0.884) | mszs-1.07) || (1.08-1.38) || (1281570 || (r.4m204) || p1.75-2.52) || (217-3.32) || 2522008

Ghr 0.e08 0755 0352 113 1.33 1.82 183 228 288 344
(0.5530.573) |0.685-0.837) | 0.857-1.05) || (102.1.25) || (1.28.9.85) || (1.43.1.81) || (163213 || (1.83-2.58) || [2.37-3.33) || [2.7B-2.12)
—— — —————— ———————— ———————————— ———————

12-hr 0757 0.538 147 1.3 164 1.67 N 2.40 3.01 3.58
{0.685.0.8330| 8s7-1 04 | (106138 | i1 Tsem || 1aTaen || jssaaT | (1Be2 a7 | ans.ar) | 3eraas | 3004 4d)

24-hr 0.350 1.18 147 1m 205 233 263 294 339 37E
(0.B67-1.04) | (1.05-1.30) | [1.34-1.52 Lssaes |l itaeaae iaaract izanzse) | o@e3asn) | @ecey |05 se)

Z-da'y 1.05 1.3 163 1.83 227 257 23 325 375 417
(0.S6E15) 1 tnandeay ) dasdt T ) 2 0n | aaaen | paraen | ieza e | arrars 11445 || (3.37.5.10)

Iday 1.14 1.42 177 207 243 283 ERE] 3.58 4.14 4,61
1104125 | 1130188, | (18118 || (185207 || (222278 || (2a8-308) || (277352)  (B0Sada) | 34sssy | 373553

_—

A-day 123 1.54 1392 235 ] 3.08 343 332 4.54 505
[1.12.1.35) | [1.40.1.68) | (174291 || oe2am) || (2813000 || 371348 || (302.398) (333453 | (375540 || (4.09.6.15)

T-day 143 1.78 2323 2l 314 357 43 4.52 522 579
[1.30-1.57) | (1.621.98) | (2022480 || @3sa2es || (2803500 || (3944011 || (345450 | (3.85-5.24) || i4.335.22) || 14.70-7.08)

1D-d.a]r 1.50 2.00 251 232 3.50 3.38 447 5.00 57E 639
[(1.46-1.77) | (m.82-2.20p | (227276 || 2e3-3.23 || (343380 || (351445 || (3essom | 42857 || @s1s7a) || 22700

20-day 207 280 322 a7z 4.40 453 247 E.02 ET3 T.38
[1.88-2.23) | (2.35-2.88) | (291-3.56) || (334413 || (382450 || e3ess5z || aveszm | 5476810 | 571784 || (E.12-8.78)

30-day 2.52 314 387 4.45 323 5.3 6.45 707 7 B.5T
[2.28-2.77) | (2.B5-3.45) | (3.51-428) || (401457 || (£58-5.82) || (5.16-6.53) || (64T | S.11-808) || E.71-821) || (TA5-10.1)

— — —

45-day 308 382 471 540 £.34 7.05 7.3 B.54 9.56 10.4
278335 | @aseon | (3resin) || esse) (| (5677041 || (526780 || (FEIETE) (740975 42911} || (B.67-12.3)

Gi-day 383 4.53 555 [E:=] T7.36 [RE] B.50 9.68 10.7 115

[3.354.00) | {4.10-£.93) 5.01-6. 11} :'.E’B-?.I:H] 6.565-8.16] || {7.20-9.05) [| (7.84-10.00 A0-11.00 [9.15-12.4) || (5.68-13.5)
—_— == —

' Preciptation frequency (FF) estimates in this table ane based on fequency analysts of partial duration seres (POSL

Mumbers In paneniesis are PF estimates at lower and upper bourds of the: 90% confdence intsnal. The probabilSy that praciptation frequency estirmates for a
en duration and average recume=nce Interaal) will be greater San B upper bound jor less than e lower bound) |s 5%. Esimates at upper bounds are not
checked against probabie maximum precipiation (FME) esimates and may be Righer than cormently valld PRIS values.

Flease refer io NOAA Adas 14 document for more information.

Sack o Top
PF graphical

it dsE MWs. Noaa. govdsCDfds/pits_printpags. himiTiat=38 750 14kon=-10% 44594 0ata-depnaunts-2nglishaseres=pis 14
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Runoff Curve Number Report

Web Soil Survey

Salt Valley Wash

Mot rated or not avaiable
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Salt Wash
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Winter Camp Wash
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Runoff Curve Number for Arid and Semiarid Rangelands

Table 9-2 Runoff curve numbers for arid and semiarid rangelands 1
I
--------------------------------- Cover description - -----------omoommomemo oo - - - - - Hydrologic soil growp - - -- -
CcOver type hydrologic condition® A¥ B [ D
Herbaceous—mixture of grass, weeds and low-growing Poor 80 87 i<}
brush, with brush the minor element Fair 7l 81 fe 4]
Good 62 ! 5
Oak-aspen—mountain brush mixture of oak brush, aspen, Poor 66 T4 ™
mountain mahogany, bitter brush, maple, and other brush Fair 48 57 (i3]
Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; grass understory Poor 5} 25 fe 4]
Fair 58 T3 850
Good 41 6l 7l
Sage-grass—sage with an understory of grass Poor 67 80 8
Fair 5l 63 0
Good 35 47 55
Desert shrub—major plants include saltbush, greasewood, Poor 63 T -5 B8
creosotebush, blackbrush, bursage, paloverde, mesquite, Fair ] T2 81 86
and cactus Good 49 68 ™ bl

I Average ranoff condition, and I = 0.2s. For range in humid regions, use table $-1.

2 Poor =308 ground cover (litter, grass, and brush overstory).
Fairr 30 to 70% ground cover.
Good: =709 ground cover.

& Curve numbers for group A have been developed only for desert shrub.

Adjusted Curve Number

Salt Valley Wash (4B), Web Soil Survey

Curve Number 79.10

Curve Number, Adjustment Factor 0.05 71.09
Maximum Potential Retention, S (inches) 4.07
Initial Abstraction, I, (inches) 0.20

Time of Concentration, Tc (hr) 6.65

Lag Time, Tiag (hr) 3.99

Salt Wash (2B), Web Soil Survey

Curve Number 83.34

Curve Number, Adjustment Factor 0.05 77.22
Maximum Potential Retention, S (inches) 2.95
Initial Abstraction, I, (inches) 0.15

Time of Concentration, Tc (hr) 10.6

Lag Time, Tiag (hr) 6.36
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Winter Camp Wash (3B), Web Soil Survey
Curve Number 76.75
Curve Number, Adjustment Factor 0.05 67.76
Maximum Potential Retention, S (inches) 4.76
Initial Abstraction, I, (inches) 0.24
Time of Concentration, Tc (hr) 5.55
Lag Time, Tiag (hr) 3.33
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Appendix C

Hydraulics — Existing Conditions
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SRH-2D Results

2-Year Water Surface Elevation
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10-Year Water Surface Elevation
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50-Year Water Surface Elevation
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100-Year Water Surface Elevation
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200-Year Water Surface Elevation
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Appendix D

Hydraulics — Proposed Conditions
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SRH-2D Results

2-Year Water Surface Elevation
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10-Year Water Surface Elevation
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50-Year Water Surface Elevation
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100-Year Water Surface Elevation
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200-Year Water Surface Elevation
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Bridge Scour Evaluation

Salt Valley Wash 100-Year

|87 Contraction Scour *

MNotes
e presre scur (vl Convoconscor) I

Input Parameters for Scour Condition

Average Depth Upstream of Contraction (y1) 4.98 ft (hu) in pressure scour
D50 (D50) 0,304300 mm 0.2 mm is the lower limit for ...
Average Velodty Upstream (V) 11.05 ftfs
Computed Contraction Scour Condition Live Bed Vo<W
Input Parameters for Live Bed
Temperature of Water 60.00 o Used to determine the fall v...
Slope of Energy Grade Line at Appreach Section (51) 0.014917 ftfft
Discharge in Contracted Section (Q2) 2761.96 ofs
Discharge Upstream that is Transporting Sediment {Q1) 1180.18 cfs
Bottom Width in Contracted Section (W2) 55.01 ft Remove widths occupied by ...
Width Upstream that is Transporting Sediment (/1) 2146 ft
Depth Prior to Scour in Contracted Section (y0) 3.96 ft
Unit Weight of Water (gamma w) 62,40 Ib/ft"3
Unit Weight of Sediment (gamma s) 165.00 Ib/ft3

Results of Scour Condition

Critical velodty above which bed material of size Dand s... | 1.46 ftfs
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the ... | 0.381000 mm
Average Depth in Contracted Section after Scour (y2) 24.07 ft
Scour Depth (ys) 20.11 ft Megative values imply "zero” ...
Results of Live Bed Method
k1 (k1) 0.6590000
Shear Velodty (V) 1.55 ftfs
Fall velocity (T) 0.13 ftfs
Average Depth in Contracted Section after Scour (y2) 5.39 ft
Scour Depth (ys) 1.43 ft Megative values imply "zera” ...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.4373 Ib/fft~2
Shear Required for Movement of D50 Fartide (Tau c) 0.0040 Ibjft"2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 1.43 ft Megative values imply "zera” ...

Override Recommended Scour Condition 'l
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 5.53 ft

Velodty Upstream of Pier (V1) 12.93 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 40,36 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.97

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.44 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.14 ft

D8 | Hydraulics UT ARCH 100(2) — Final Hydraulics Report



[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 5.53 ft

Velodty Upstream of Pier (V1) 12.93 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 5.99 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.97

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.44 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.14 ft
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B Abutment Scour x
Computation Method:

Parameter Value

Input Parameters

Scour Condition Ill

Scour Condition Location Type a (Main Channel) j

Abutment Type (k1) Spill-through abutment j

Unit Discharge, Upstream in Main Channel {g1) 54,99 cfs/fft

Unit Discharge in Constricted Area (g2) 50,21 cfs/fft

D50 (D50 0.304300 mm 0.2 mm is the lower limit for coh. .
Upstream Flow Depth (y1) 4,98 ft

Define Shear Stress of Floodplain |_

Flow Depth prior to Scour (y0) 5.18 ft Depth at Abutment Toe
Results

g2 /gl 0.91

Average Velodty Upstream (V) 11.05 ftfs

Critical Velocity above which Bed Materal of Size D and Sm... | 1.46 ftfs Used in contraction scour calcula
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.20

Flow Depth induding Contraction Scour (yc) 4,60 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximum Flow Depth induding Abutment Scour (ymax) 5.52 ft Including the long-term scour de.
Scour Hole Depth (ys) 0.33 ft Megative values imply “zero’ sco..
Scour Hole

Angle of Repose (theta) 44,00 degrees "
£ >

0K | Cancel
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B Abutment Scour x
Computation Method:

Parameter Value

Input Parameters

Scour Condition Ill

Scour Condition Location Type a (Main Channel) j

Abutment Type (k1) Spill-through abutment j

Unit Discharge, Upstream in Main Channel {g1) 54,99 cfs/fft

Unit Discharge in Constricted Area (g2) 50,21 cfs/fft

D50 (D50 0.304300 mm 0.2 mm is the lower limit for coh. .
Upstream Flow Depth (y1) 4,98 ft

Define Shear Stress of Floodplain |_

Flow Depth prior to Scour (y0) 2.15 ft Depth at Abutment Toe
Results

g2 /gl 0.91

Average Velodty Upstream (V) 11.05 ftfs

Critical Velocity above which Bed Materal of Size D and Sm... | 1.46 ftfs Used in contraction scour calcula
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.20

Flow Depth induding Contraction Scour (yc) 4,60 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximum Flow Depth induding Abutment Scour (ymax) 5.52 ft Including the long-term scour de.
Scour Hole Depth (ys) 3.38 ft Megative values imply “zero’ sco..
Scour Hole

Angle of Repose (theta) 44,00 degrees "
£ >

0K | Cancel
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Bridge Scour Plot (Q100Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment
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Salt Valley Wash 200-Year

|87 Contraction Scour

Input Parameters for Scour Condition

e s Vertcacorveconsca) I

Average Depth Upstream of Contraction (y1) 5.28 ft {(hu) in pressure scour
D50 {D50) 0.304300 mm 0.2 mm is the lower limit for ...
Average Velocity Upstream (V) 11.42 ftfs
Computed Contraction Scour Condition Live Bed Vo<V
Input Parameters for Live Bed
Temperature of Water 60,00 o Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.014157 ftfft
Discharge in Contracted Section (Q2) 3039.21 cfs
Discharge Upstream that is Transporting Sediment (Q1) 1295.38 cfs
Bottom Width in Contracted Section (W2) 55,16 ft Remaove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 21.496 ft
Depth Prior to Scour in Contracted Section (y0) 4,26 ft
Unit Weight of Water (gamma w) 62.40 Ibjft~3

Unit Weight of Sediment (gamma s)

Results of Scour Condition

165.00

Critical velocity above which bed material of size Dand 5... | 1.47 ftfs
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the ... ' 0.381000 mm
Average Depth in Contracted Section after Scour (y2) 26.06 ft
Scour Depth (ys) 21.81 ft Megative values imply “zero’...
Results of Live Bed Method
k1 (k1) 0.690000
Shear Velocity (V=) 1.55 ftfs
Fall veladity (T) 0.13 fifs
Average Depth in Contracted Section after Scour (y2) 5.72 ft
Scour Depth (ys) 146 ft MNegative values imply ‘zero”...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.5419 bfft~2
Shear Required for Movement of D30 Partide {Tau c) 0.0040 bfft~2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 146 ft Megative values imply “zero’...
Override Recommended Scour Condition r
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|87 Contraction Scour *

Notes

Input Parameters for Scour Condition

Average Depth Upstream of Contraction (y1) 5.28 ft (hu) in pressure scour
D50 (D50} 0.304300 mm 0.2 mm is the lower limit for ...
Average Velocity Upstream (V) 11.42 ftfs
Computed Contraction Scour Condition Live Bed Vo=V
Input Parameters for Live Bed
Temperature of Water 60,00 " Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.014157 ftjft
Discharge in Contracted Section (Q2) 3039.21 cfs
Discharge Upstream that is Transporting Sediment (Q1) 1295.338 cfs
Bottom Width in Contracted Section (W2) 55,16 ft Remove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 21.96 ft
Depth Prior to Scour in Contracted Section (y0) 4,26 ft
Unit Weight of Water (gamma w) 62,40 bfft™3

Unit Weight of Sediment (gamma s) 165.00 Ibjft~3

Results of Scour Condition

Critical velocity above which bed material of size D and s... | 1.47 ftfs
Results of Clear Water Method
Diameter of the smallest nontransportable partice in the ...  0.381000 mm
Average Depth in Contracted Section after Scour (y2) 26,06 ft
Scour Depth (ys) 21.81 ft MNegative values imply ‘zero”...
Results of Live Bed Method
k1 (k1) 0.690000
Shear Velocty (V=) 1.55 ftfs
Fall velodity (T) 0.13 ftfs
Average Depth in Contracted Section after Scour (y2) 5.72 ft
Scour Depth (ys) 146 ft Megative values imply ‘zero”...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.5419 Ibjft~2
Shear Required for Movement of D30 Partice (Tau c) 0.0040 bfft~2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 1496 ft MNegative values imply ‘zera’...

=

Owerride Recommended Scour Condition
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|87 Pier Scour x
Motes
Pier Shape (K1)
Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&
Depth Upstream of Pier {y1) 5.86 ft
Velodty Upstream of Fier (V1) 13.18 ftfs
Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attack (K2) 17.08 Dearees
Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3
Froude Mumber Upstream (Fr1) 0.96
Correction Factor for Pier Mose Shape (K1) 1,00
Correction Factor of Angle of Attack (K2) 1,00
Spacing to Pier Width (s/a) 7.00
Correction Factor for Bed Condition (K3) 1,10
Scour Depth (ys) 7.56 ft
Angle of Repose (theta) 44,00 degrees
Use the Pier Width as the Bottom Width of Scour Hole v
Scour Hole Bottom Width (K) 2,00 ft
Scour Hole Top Width (W) 15.38 ft
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|87 Abutment Scour

Parameter alue Units ’Nl:lhz:i
Scour Condion R - |

Scour Condition Location Type a (Main Channel) =

Abutment Type (k1) Spill-through abutment ™

Unit Discharge, Upstream in Main Channel (g1) 60,36 cfefft

Unit Discharge in Constricted Area {g2) 55,10 cfsfft

D50 (D50) 0.304800 mm 0.2 mm is the lower limit for coh. ..
Upstream Flow Depth {y1) 5.28 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour {y0) 5.75 ft Depth at Abutment Toe

g2 /gl 0.91

Average Velodty Upstream (V) 11.42 ftjs

Critical Velocity above which Bed Materal of Size D and Sm... | 1.47 ftfs Used in contraction scour calcula...
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.20

Flow Depth induding Contraction Scour (yc) 4.89 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximumn Flow Depth induding Abutment Scour (ymax) 5.86 ft Induding the long-term scour de...
Scour Hole Depth (ys) 0.10 ft Negative values imply "zero’ sco...
Angle of Repose (theta) 44,00 degrees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft

Scour Hole Top Width (W) 0.10 ft
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87 Abutment Scour

Computation Method:  [|[flegl35
Parameter alue Units lrl.:.h-_:i
Scour ondton EET R -
Scour Condition Location Type a (Main Channel) -
Abutment Type (k1) Spill-through abutment -
Unit Discharge, Upstream in Main Channel (g1) 60,36 cfsfft
Unit Discharge in Constricted Area (g2) 55.10 cfsfft
D50 (D50) 0.304800 mm 0.2 mm is the lower limit for coh...
Upstream Flow Depth (y1) 5.28 ft
Define Shear Stress of Floodplain r
Flow Depth prior to Scour {y0) 2.34 ft Depth at Abutment Toe
g2 /gl 0.51
Average Velodity Upstream (V) 11.42 ftfs
Critical Velodty above which Bed Materal of Size D and 5m... 1.47 ftfs Used in contraction scour caloula. ..
Scour Condition Live Bed
Scour Condition a (Main Channel)
Amplification Factor (alpha A or alpha B) 1.20
Flow Depth induding Contraction Scour (yc) 4,89 ft
Scour depth from Long-Term Degradation calculations 0.00 ft
Maximum Flow Depth incduding Abutment Scour (ymax) 5.86 ft Induding the long-term scour de...
Scour Hole Depth (ys) 3.53 ft MNegative values imply ‘zero” sco...
Angle of Repose (theta) 44,00 degrees
Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft
Scour Hole Top Width (W) 3.65 ft

Cancel
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Bridge Scour Plot (Q200Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment

Right Abutment Scour Piers [ @ | PierScour [ O | Bridge Cross-Section [ & | WSE
| ¥ | Contraction Scour 1 Total Scour

Lateral potential liimits of contraction and abutment scour

Elevation (ft)

60 70 80 90 130

Station (ft)
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Salt Valley Wash Riprap

|87 Riprap Analysis Abutment

*

Structure type: I.l\hutﬂenthuide Bank

Select Channel

Transfer Values From Channel Calcu...

LI Geotextile/Granular Filter Design. .. |

Structure Type abutment jhd

Abutment Type spill-through abutment hd

Set-back Length 0.001 ft The set-hack length is the distance from the near edge of the main channel to t...
Main Channel Average Flow Depth 3.400 ft

Flow Depth at Toe of Abutment 3.200 ft

Total Discharge 2810.000 cfs Calculations will use either total or overbank discharges. Bolded values indicate...
Owerbank Discharge 0,001 cfs

Total Bridge Area 250.000 i~z

Setback Area 0.001 ftr2

Maximum Channel Velocity 13.800 fifs

Spedfic Gravity of Riprap

Set-back ratio

0.000

Characteristic Velodty 11,240 fifs
Froude Number at the Abutment Toe 1.108
Abutment Coefficent 0.610
D50 371.068 mm
Riprap Shape Riprap shape should be angular
Riprap Class
Riprap Class Name CLASS IV
Riprap Class Order 4
D15 266.70 mm This value is an 'average’ of the size fraction range for the selected riprap class
D50 393.70 mm This value is an 'average’ of the size fraction range for the selected riprap dass
D85 533,40 mm This value is an "average’ of the size fraction range for the selected riprap clq
D100 762.00 mm This value is an 'average’ of the size fraction range for the selected riprap class
Layout
Riprap Thickness 30.000 in
Minimum Herizental Extent of the Toe Apron from the Abutment Toe 6,400 ft
Minimum Extent of “Wrap Around” beyond the Abutment Radius, along the Approach Embankment |25.000 ft See HEC 23, Figure 14.7
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87 Riprap Analysis Bank

Structure type: IRE\retment (channel slopes 2% or less)

Geotextile /Granular Filter Design. ..

Select Channel
Channel Calculator...
Transfer Values From Channel Calc:
Channel Type natural channel
Local Depth of Flow 5.000 ft
Riprap Shape angular rock
Stability Coeffident 0,300 This value is updated by the selected Riprap Shape
Blanket Thickness Coeffident 1.000
Channel Cross-sectional Average Velodty 8,000 fifs
Centerline Radius of Curvature of Channel Bend 150 ft Infinite Radius for straight channels are appr 1 by using a large number
Width of Water Surface at Upstream End of Channel Bend &0.000 ft
Bank Angle 3.000 H:V {_:1) | .966 < Bank Angle < 4,011
Bank Angle 18.4 degrees 14 < Bark Angle < 46
Protection Location outside of bend
Spedfic Gravity of Riprap 2,650
Safety Factor 1,100
Side Slope Correction Factor 0.977
Velodity Distribution Coeffident 1.203
Design Velodity 12,265 ftfs Design velodty never less than average channel velodity
D30 306.459 mm
D50 367.751 mm
Riprap Class
Riprap Class MName CLASS IV
Riprap Class Order 4
D15 266.70 mm This value is an 'average' of the size fraction range for the selected riprap dass
D50 393.70 mm This value is an 'average’ of the size fraction range for the selected riprap dass
D&s 533.40 mm This value is an 'average’ of the size fraction range for the selected riprap dass
D100 762,00 mm This value is an 'average' of the size fraction range for the selected riprap dass
Layout
Minimum Riprap Thickness 30,000 in

=

|
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Salt Wash 100-Year

|87 Contraction Scour e

Computation Method:

P ber Value Units Notes

Compute Pressure Scour (Vertical Contraction Scour) _

Input Parameters for Scour Condition
Average Depth Upstream of Contraction (y1) 9.47 ft (hu) in pressure scour
D50 {D50) 0.304300 mm 0.2 mm is the lower limit for ...
Average Velocity Upstream (V) 7.7 ftfs
Computed Contraction Scour Condition Live Bed Vo<V
Input Parameters for Live Bed
Temperature of Water 60,00 o Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.001963 ftfft
Discharge in Contracted Section (Q2) 3698.54 cfs
Discharge Upstream that is Transporting Sediment (Q1) 2047.33 cfs
Bottom Width in Contracted Section (W2) 59,24 ft Remaove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 27. 78 ft
Depth Prior to Scour in Contracted Section (y0) 9,11 ft
Unit Weight of Water (gamma w) 62.40 Ibjft~3
Unit Weight of Sediment (gamma s) 165.00 bfft~3
Resuls I
Results of Scour Condition -
Critical velocity above which bed material of size Dand 5... | 1.62 ftfs
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the ... ' 0.381000 mm
Average Depth in Contracted Section after Scour (y2) 29.01 ft
Scour Depth (ys) 19,90 ft Megative values imply “zero’...
Results of Live Bed Method
ki (k1) 0.690000
Shear Velocity (V=) 0.77 ftfs
Fall veladity (T) 0.13 fifs
Average Depth in Contracted Section after Scour (y2) 9,32 ft
Scour Depth (ys) 0.21 ft MNegative values imply ‘zero”...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.3087 bfft~2
Shear Required for Movement of D30 Particle {Tau c) 0.0040 bfft~2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 0.21 ft Megative values imply “zero’...
Override Recommended Scour Condition r
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 11.72 ft

Velodty Upstream of Fier (V1) 6,99 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 7.4 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.35

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 6.32 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 12.86 ft
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 11.72 ft

Velodty Upstream of Fier (V1) 6,99 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 62,50 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.35

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 6.32 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 12.86 ft
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7 Abutment Scour

Scour Condition

Scour Condition Location

Compute

MNotes

Type a (Main Channel)

Abutment Type (k1)

Spill-through abutment

Unit Discharge, Upstream in Main Channel (q1) 73.74 cfs/ft

Unit Discharge in Constricted Area (g2) 62.44 cfsfft

D50 (D50) 0.304300 mm 0.2 mm is the lower limit for coh...
Upstream Flow Depth (y1) 9.47 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour (y0) 9.66 ft Depth at Abutment Toe

g2 /gl 0.85

Average Velocity Upstream (V) il ftfs

Critical Velocity above which Bed Materal of Size D and Sm... | 1.62 ftfs Used in contraction scour calcula. ..
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.20

Flaw Depth including Contraction Scour (yc) 8.21 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximum Flow Depth induding Abutment Scour (ymaxx) 9.85 ft Induding the long-term scour de...
Scour Hole Depth (ys) 019 ft Megative values imply "zero’sco...
Angle of Repose (theta) 44,00 degrees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width wil ...
Scour Hole Bottom Width (K) 0.00 ft

Scour Hole Top Width (W) 0.20 ft
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7 Abutment Scour

Scour Condition

Scour Condition Location

Compute

MNotes

Type a (Main Channel) -

Abutment Type (k1)

Spill-through abutment

Unit Discharge, Upstream in Main Channel {g1) 73.74 cfsfft

Unit Discharge in Constricted Area (g2) 52,44 cfsfft

D50 (D50) 0.304300 mm 0.2 mm is the lower limit for coh...
Upstream Flow Depth (y1) 9.47 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour (y0) 9,22 ft Depth at Abutment Toe

q2/q1 0.85

Average Velocity Upstream (V) 7.73 ftfs

Critical Velocity above which Bed Materal of Size D and 5m... | 1.62 ftfs Used in contraction scour calcula. ..
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.20

Flow Depth induding Contraction Scour {yc) 8.21 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximum Flow Depth induding Abutment Scour {ymax) 9.85 ft Including the long-term scour de...
Scour Hole Depth (ys) 0.63 ft Megative values imply "zero’ sca...
Angle of Repose (theta) 44,00 degrees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft

Scour Hole Top Width (W) 0.66 ft
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Bridge Scour Plot (Q100Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment

Right Abutment Scour Piers [ @ | PierScour [ O | Bridge Cross-Section [ & | WSE
| ¥ | Contraction Scour 1 Total Scour

4292 Lateral potential liimits of contraction and abutment scour
— I |

Elevation (ft)

50 60 70

Station (ft)
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Salt Wash 200-Year

B Contraction Scour X

Parameter Value Units Mot

Pressure Scour Method
Compute Pressure Scour {(Vertical Contraction Scour) _
Input Parameters
Input Parameters for Scour Condition
Average Depth Upstream of Contraction (y1) 10.00 ft (hu} in pressure scour
D50 (D50} 0.304300 mm 0.2 mm is the lower limit for ...
Average Velodty Upstream (V) 8.46 ftjs
Computed Contraction Scour Condition Live Bed Vo<W
Input Parameters for Live Bed
Temperature of Water 60,00 o Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.003320 ftfft
Discharge in Contracted Section (Q2) 3938.36 cfs
Discharge Upstream that is Transporting Sediment {Q1) 2348.20 cfs
Bottom Width in Contracted Section (W2) 59.23 ft Remove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 27.76 ft
Depth Prior to Scour in Contracted Section (y0) 9.52 ft
Unit Weight of Water (gamma w) 62,40 b/ft"3
Unit Weight of Sediment {gamma s) 165.00 b/ft~3
Results
Results of Scour Condition
Critical velodty above which bed material of size D and s... | 1.64 ftjs
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the ...  0.381000 mm
Average Depth in Contracted Section after Scour (y2) 30,62 ft
Scour Depth (ys) 2110 ft Megative values imply ‘zera’ ...
Results of Live Bed Method
k1 (k1) 0.690000
Shear Velodty (V=) 1.04 ftjs
Fall velodity (T) 0.13 ft/s
Average Depth in Contracted Section after Scour (y2) 9.23 ft
Scour Depth (ys) -0.29 ft Megative values imply ‘zera” ...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.3555 Ib/fft~2
Shear Required for Movement of D50 Particle (Tau c) 0.0040 Ib/ft"2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 0.00 ft Megative values imply ‘zero’ ...
Override Recommended Scour Condition r

0K I Cancel
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 12,35 ft

Velodty Upstream of Fier (V1) 6.72 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 5.27 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.34

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 6.25 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 12.73 ft
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 12,35 ft

Velodty Upstream of Fier (V1) 6.72 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attack (K2) 55.85 Dearees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.34

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 6.25 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 12.73 ft
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B Abutment Scour pd
Scour Condition compute R4
Scour Condition Location Type a (Main Channel)
Abutment Type (k1) Spill-through abutment =
UUnit Discharge, Upstream in Main Channel (g1) 34,57 cfs/ft
Unit Discharge in Constricted Area (gq2) 66,49 cfsfft
D50 {D50) 0.304800 mm 0.2 mm is the lower limit for coh...
Upstream Flow Depth {y1) 10.00 ft
Define Shear Stress of Floodplain r
Flow Depth prior to Scour (y0) 10,10 ft Depth at Abutment Toe
g2 fql 0.73
Average Velocty Upstream (V) 3.96 ftfs
Critical Velocity above which Bed Materal of Size D and Sm... | 1.64 ftfs Used in contraction scour calcula. ..
Scour Condition Live Bed
Scour Condition a [Main Channel)
Amplification Factor (alpha A or alpha B) 1.20
Flow Depth induding Contraction Scour (yc) 8.13 ft
Scour depth from Long-Term Degradation calculations 0.00 ft
Maximum Flow Depth induding Abutment Scour (ymax) 9.76 ft Including the long-term scour de...
Scour Hole Depth (ys) -0.34 ft MNegative values imply ‘zero’ sco...
Angle of Repose (theta) 44,00 degrees
Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
OK I Cancel
A
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87 Abutment Scour K
Scur onditon come I
Scour Condition Location Type a (Main Channel)
Abutment Type (k1) Spill-through abutment
Unit Discharge, Upstream in Main Channel (g1) 84.57 cfs/ft
UUnit Discharge in Constricted Area (gZ) 66,49 cfs/ft
D50 (D50) 0.304300 mm 0.2 mm is the lower limit for coh...
Upstream Flow Depth (y1) 10,00 ft
Define Shear Stress of Floodplain r
Flow Depth prior to Scour (y0) 9,54 ft Depth at Abutment Toe
g2/q1 0.79
Average Velodty Upstream (V) 3.496 ftfs
Critical Velodty above which Bed Materal of Size D and 5m...  1.64 ftfs IUsed in contraction scour caloula. ..
Scour Condition Live Bed
Scour Condition a (Main Channel)
Amplification Factor {alpha A or alpha B) 1.20
Flow Depth induding Contraction Scour (yc) 8.13 ft
Scour depth from Long-Term Degradation calaulations 0.00 ft
Maximum Flow Depth induding Abutment Scour (ymax) 9.76 ft Induding the long-term scour de...
Scour Hole Depth (ys) 0.22 ft Megative values imply “zero’sco. ..
Angle of Repose (theta) 44,00 degrees
Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width {K) 0.00 ft
Scour Hole Tap Width (W) 0.23 ft
OK I Cancel
4
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Bridge Scour Plot (Q200Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment

Right Abutment Scour Piers [ @ | PierScour [ O | Bridge Cross-Section [ & | WSE
| ¥ | Contraction Scour 1 Total Scour

4292 — Lateral potential liimits of contraction and abutment scour

Elevation (ft)

50 60 70 80

Station (ft)
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Salt Wash Riprap

87 Riprap Analysis

X

Structure type: |Abumant,“Gu\de Bank.

e

Geotextie/Granular Fiter Design... |

e ——

Select Channel
Transfer Values From Channel Calcu...|
Structure Type abutment =]
Abutment Type spill-through abutment =]
Set-back Length 0,001 ft The set-back length is the distance from the near edge of the main channel to t...
Main Channel Average Flow Depth 6,100 ft
Flow Depth at Toe of Abutment 11,300 ft
Total Discharge 4493.000 cfs. Calculations will use either total or overbank discharges. Bolded values indicate. ..
Overbank Discharge 0,001 ofs
Total Bridge Area 687.000 2
Setback Area 0.001 2
Maximum Channel Velodity 8.400 fifs
Spedific Gravity of Riprap 2,650
Set-back ratio 0.000
Characteristic Velocity 6.540 fifs
Froude Number at the Abutment Toe 0.343
Abutment Coefficent 0.890
D50 218.562 mm
Riprap Shape Riprap shape should be angular
Riprap Class
Riprap Class Name CLASS IT
Riprap Class Order 2
D15 177.80 mm This value is an 'average' of the size fraction range for the selected riprap dass
D50 241.30 mm This value is an 'average' of the size fraction range for the selected riprap dass
D85 330.20 mm This value is an 'average' of the size fraction range for the selected riprap dass
D100 457.20 mm This value is an 'average' of the size fraction range for the selected riprap dass
Layout
Riprap Thickness 18,000 in
Minimum Horizontal Extent of the Toe Apron from the Abutment Toe 22,600 ft
Minimum Extent of "Wrap Around” beyend the Abutment Radius, along the Approach Embankment | 25,000 ft See HEC 23, Figure 14.7
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Winter Camp Wash 100-Year

8 | Contraction Scour x

Parameter Value Units Motes

Pressure Scour Method
Compute Pressure Scour (Vertical Contraction Scour) _
Input Parameters
Input Parameters for Scour Condition
Average Depth Upstream of Contraction {y1) 4,54 ft (hu) in pressure scour
D50 (D50) 0.304800 mm 0.2 mm is the lower limit for ...
Average Velodity Upstream (V) 7.37 ftfs
Computed Contraction Scour Condition Live Bed Vo<W
Input Parameters for Live Bed
Temperature of Water 60,00 o Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.008550 ftjft
Discharge in Contracted Section (Q2) 2808.82 cfs
Discharge Upstream that is Transporting Sediment {Q1) 1080.27 cfs
Bottom Width in Contracted Section (W2) 7117 ft Remove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 32.27 ft
Depth Prior to Scour in Contracted Section (y0) 3.42 ft
Unit Weight of Water (gamma w) 62.40 Ibjft~3
Unit Weight of Sediment {gamma s) 165.00 Ibjft~3
Results
Results of Scour Condition
Critical velodty above which bed material of size D and 5... | 1.44 ftfs
Results of Clear Water Method
Diameter of the smallest nontransportable partide in the ... |0.381000 mm
Average Depth in Contracted Section after Scour (y2) 19,58 ft
Scour Depth (ys) 16.17 ft Megative values imply ‘zero”...
Results of Live Bed Method
k1 k1) 0.690000
Shear Velodty (v*) 112 ftfs
Fall Velocity (T) 0.13 ftfs
Average Depth in Contracted Section after Scour (y2) 5.97 it
Scour Depth (ys) 2.55 it MNegative values imply ‘zero”...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0.2530 bfft~2
Shear Required for Movement of D50 Partide (Tau ) 0.0040 bfft~2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 2.55 ft Megative values imply ‘zero”...
Override Recommended Scour Condition I
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 6,20 ft

Velodty Upstream of Pier (V1) 14.00 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attack (K2) 67.08 Dearees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.93

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.81 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.91 ft

D35 | Hydraulics UT ARCH 100(2) — Final Hydraulics Report



[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 6,20 ft

Velodty Upstream of Pier (V1) 14.00 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 56,75 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.93

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.81 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.91 ft
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87 Abutment Scour

Scour Condition

Scour Condition Location

compre 8

MNotes

Type a (Main Channel) =

Abutment Type (k1)

Spill-through abutment =

Unit Discharge, Upstream in Main Channel {q1) 33.48 cfs/fft

Unit Discharge in Constricted Area (q2) 39.46 cfs/fft

D350 (D50) 0.304800 mm 0.2 mm is the lower limit for coh...

Upstream Flow Depth {y1) 4,54 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour (y0) 4,56 ft Depth at Abutment Toe

g2 /gl 1.18

Average Velocity Upstream (V) 7.37 ftfs

Critical Velocity above which Bed Materal of Size D and Sm... 1.44 ftfs Used in contraction scour calcula...
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.67

Flow Depth including Contraction Scour (yc) 5.23 ft

Scour depth from Long-Term Degradation calculations 0.00 ft

Maximum Flow Depth induding Abutment Scour (ymaxx) a.71 ft Induding the long-term scour de...
Scour Hole Depth (ys) 4,16 ft MNegative values imply ‘zero’ sco...

Angle of Repose (theta) 44,00 degrees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft

Scour Hole Top Width (W) 4,31 ft
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87 Abutment Scour *
Scour Condition Compute
Scour Condition Location Type a (Main Channel) =
Abutment Type (k1) Spill-through abutment
Unit Discharge, Upstream in Main Channel (g1) 33.48 cfsfft
Unit Discharge in Constricted Area (g2) 39.46 cfsfft
D50 (D50) 0.304800 mm 0.2 mm is the lower limit for coh. ..
Upstream Flow Depth (y1) 4,54 ft
Define Shear Stress of Floodplain r
Flaw Depth prior to Scour (y0) 5.36 ft Depth &t Abutment Toe
g2 /gl 1.18
Average Velodty Upstream (V) 7.37 ftfs
Critical Velodty above which Bed Materal of Size D and Sm...  1.44 ftfs Used in contraction scour calcula...
Scour Condition Live Bed
Scour Condition a (Main Channel)
Amplification Factor (alpha & or alpha B) 1.67
Flaw Depth including Contraction Scour (yc) 523 ft
Scour depth from Long-Term Degradation calculations 0.00 ft
Maximum Flow Depth induding Abutment Scour (ymax) 8.71 ft Induding the long-term scour de...
Scour Hole Depth (ys) 3.35 ft MNegative values imply zero’ sco. ..
&ngle of Repose (theta) 44,00 degrees
Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft
Scour Hole Top Width (W) 3.47 ft
OK I Cancel
y:
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Bridge Scour Plot (Q100Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment

Right Abutment Scour Piers [ @ | PierScour [ O | Bridge Cross-Section [ & | WSE
| ¥ | Contraction Scour 1 Total Scour

4296 —

Lateral potential liimits of contraction and abutment scour
|
|
|
|
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60 70 80 90 100 130
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Winter Camp Wash 200-Year

B " Contraction Scour X

Computation Method:  |[elEEIET = g Tels NN s faa U g

Parameter Value Units Mot

Pressure Scour Method
Compute Pressure Scour (Vertical Contraction Scour) _
Input Parameters
Input Parameters for Scour Condition
Average Depth Upstream of Contraction (y1) 5.08 it (hu) in pressure scour
D50 (D50) 0.304300 mm 0.2 mm is the lower limit for ...
Average Velodty Upstream (V) 7.06 ftfs
Computed Contraction Scour Condition Live Bed Vo<W
Input Parameters for Live Bed
Temperature of Water 60,00 o* Used to determine the fall v...
Slope of Energy Grade Line at Approach Section (51) 0.008365 ftfft
Discharge in Contracted Section (QZ) 3277.89 cfs
Discharge Upstream that is Transporting Sediment {Q1) 1156.67 cfs
Bottom Width in Contracted Section (W2) 71.18 ft Remove widths occupied by ...
Width Upstream that is Transporting Sediment (W 1) 32,27 ft
Depth Prior to Scour in Contracted Section {(y0) 4,08 ft
Unit Weight of Water (gamma w) 62.40 bjfft~3
Unit Weight of Sediment (gamma s) 165,00 bjfft~3
Results
Results of Scour Condition
Critical velodity above which bed material of size D and 5... | 1.46 ftfs
Results of Clear Water Method
Diameter of the smallest nontranspartable partice in the ...  0.381000 mm
Average Depth in Contracted Section after Scour (y2) 22,35 ft
Scour Depth (ys) 18.27 ft Megative values imply "zero” ...
Results of Live Bed Method
k1 (k1) 0.690000
Shear Velodty (V=) 1.17 ftfs
Fall velocity (T) 0.13 ftfs
Average Depth in Contracted Section after Scour (y2) 7.18 ft
Scour Depth (ys) 3.10 ft Megative values imply “zera” ...
Shear Applied to Bed by Live-Bed Scour (theta 0) 0,2592 lbjft~2
Shear Required for Movement of D50 Partide (Tau ) 0.0040 lbfft=2
Recommendations
Recommended Scour Condition Live Bed Determined by comparing sc...
Recommended Scour Depth 3.10 ft Megative values imply “zero” ...
Override Recommended Scour Condition r

QK I Cancel
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 6,94 ft

Velodty Upstream of Pier (V1) 13.61 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attadk (K2) 3321 Degrees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.51

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.84 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.96 ft
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[87 Pier Scour *

MNotes

Pier Shape (K1)

Bed Condition (K3) Clear-Water Scour - Dune Height is Nf&

Depth Upstream of Pier {y1) 6,94 ft

Velodty Upstream of Pier (V1) 13.61 ftfs

Width of Pier (a) 2.00 ft width for the zero skew co...
Angle of Attack (K2) 47.06 Dearees

Spacing between Columns of Piers (5) 14.00 ft Column center to column c...
Mumber of Calumns (n) 3

Froude Mumber Upstream (Fr1) 0.51

Correction Factor for Pier Mose Shape (K1) 1,00

Correction Factor of Angle of Attack (K2) 1,00

Spacing to Pier Width (s/a) 7.00

Correction Factor for Bed Condition (K3) 1,10

Scour Depth (ys) 7.84 ft

Angle of Repose (theta) 44,00 degrees

Use the Pier Width as the Bottom Width of Scour Hole v

Scour Hole Bottom Width (K) 2,00 ft

Scour Hole Top Width (W) 15.96 ft
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87 Abutment Scour *

Motes

Scour Condition compute 1R

Scour Candition Location Type a (Main Channel) =

Abutment Type (k1) Spill-through abutment ™

Unit Discharge, Upstream in Main Channel (g1) 35.85 cfsfft

Unit Discharge in Constricted Area (g2) 46.05 cfsfft

D50 (D50} 0.304300 mm 0.2 mm iz the lower limit for coh. ..
Upstream Flow Depth (y1) 5.08 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour (yQ) 5,40 ft Depth at Abutment Toe

g2/ql 1.28

Average Velodty Upstream (V) 7.06 ftfs

Critical Velocity above which Bed Materal of Size D and 5m... | 1.46 ftfs Used in contraction scour calcula. ..
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.67

Flow Depth induding Contraction Scour (yc) 6.29 it

Scour depth from Long-Term Degradation calculations 0,00 it

Maximum Flow Depth induding Abutment Scour (ymax) 10,52 it Induding the long-term scour de...
Scour Hole Depth (ys) 5.12 it Megative values imply ‘zero’ sco. ..
Angle of Repose (theta) 44,00 dearees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0.00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 ft

Scour Hole Top Width (W) 5.31 ft
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87 Abutment Scour *

Motes

Scour Condition compute ~ |Kd

Scour Condition Location Type a (Main Channel) =

Abutment Type (k1) Spill-through abutment ™

Unit Discharge, Upstream in Main Channel (g1) 35.85 cfsfft

Unit Discharge in Constricted Area (g2) 45.05 cfsfft

D50 (D50) 0.304300 mm 0.2 mm is the lower limit for coh. ..
Upstream Flow Depth (y1) 5.08 ft

Define Shear Stress of Floodplain r

Flow Depth prior to Scour (y0) 6.12 ft Depth at Abutment Toe

g2 /ql 1.28

Average Velodty Upstream (V) 7.06 ftfs

Critical Velodity above which Bed Materal of Size D and 5m... | 1.46 ftfs Used in contraction scour calcula. ..
Scour Condition Live Bed

Scour Condition a (Main Channel)

Amplification Factor (alpha A or alpha B) 1.67

Flow Depth including Contraction Scour (yc) 6.29 ft

Scour depth from Long-Term Degradation calculations 0,00 ft

Maximum Flow Depth induding Abutment Scour (ymax) 10,52 ft Including the long-term scour de...
Scour Hole Depth (ys) 4,40 ft Megative values imply 'zero’ sco. ..
Angle of Repose (theta) 44,00 degrees

Ratio of Bottom Width of Scour Hole to Scour Hole Depth 0,00 1.0 means the bottom width will ...
Scour Hole Bottom Width (K) 0.00 fit

Scour Hole Top Width (W) 4,55 it
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Bridge Scour Plot (Q200Y Prop (SRH-2D))

B Bridge Deck M | eft Abutment [ B | Left Abutment Scour M Right Abutment

Right Abutment Scour Piers [ @ | PierScour [ O | Bridge Cross-Section [ & | WSE
| ¥ | Contraction Scour 1 Total Scour

— Lateral potential liimits of contraction and abutment scour
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Winter Camp Wash Riprap

{87 Riprap Analysis X
Structure type: [ Abutment/Gude Bank =] Geotextie/Granuiar Fiter Design... |
Parameter Value
Select Channel
Channel Calculator...
Transfer Values From Channel Calcu...|
Structure Type abutment hd
Abutment Type spill-through abutment ]
Set-back Length 0.001 ft The set-back length is the distance from the near edge of the main channel to t...
Main Channel Average Flow Depth 2,000 ft
Flow Depth at Toe of Abutment 5,200 ft
Total Discharge 2825.000 cfs Calaulations will use either total or overbank discharges. Bolded values indicate...
Overbank Discharge 0,001 cfs
Total Bridge Area 247.000 ft2
Setback Area 0.001 ft~2
Maximum Channel Velocity 14.800 ftfs
Spedfic Gravity of Riprap 2850
Set-hack ratio 0.001
Characteristic Velocity 11.437 ftfs
Froude Number at the Abutment Toe 0.884
Abutment Coefficient 0,610
D50 566.113 mm
Riprap Shape Riprap shape should be angular
Riprap Class
Riprap Class Name CLASS VIT
Riprap Class Order 7
D15 444,50 mm This value is an ‘average’ of the size fraction range for the selected riprap dass
D50 647.70 mm This value is an ‘average’ of the size fraction range for the selected riprap dass
D85 889.00 mm This value is an ‘average’ of the size fraction range for the selected riprap dass
D100 1257.30 mm This value is an ‘average’ of the size fraction range for the selected riprap dass
Layout
Riprap Thickness 43,500 in
Minimum Horizontal Extent of the Toe Apron from the Abutment Toe 10.400 ft
Minimum Extent of "Wrap Around” beyond the Abutment Radius, along the Approach Embankment | 25,000 ft See HEC 23, Figure 14.7
o] s
A
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