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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) 

Q2 216 7.8 4287.8 --- 

Q10 1,117 11.3 4290.7 --- 

Q50 2,837 13.5 4292.1 --- 

Q100 3,920 13.8 4293.0 4271.1 

Q200 4,851 14.0 4293.5 4271.0 

Notes: 

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 
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) 

Q2 494 3.4 4284.1 --- 

Q10 2,170 6.3 4287.1 --- 

Q50 5,106 7.9 4289.3 --- 

Q100 7,066 8.4 4290.0 4270.1 

Q200 8,367 8.5 4290.6 4270.1 

Notes: 

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 
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) 

Q2 494 7.3 4284.2 --- 

Q10 2,170 13.0 4286.6 --- 

Q50 5,106 15.5 4292.1 --- 

Q100 7,066 14.8 4292.5 4272.1 

Q200 8,367 14.5 4293.0 4271.6 

Notes: 

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 
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. 

 

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 HYDRAULIC 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 
Roadway 

Design 
Frequency 

Check 
Frequency Design Criteria 

Bridges 50-year 

Greater of 
100-year and 
overtopping  
(≤ 500-year) 

Minimum 2 ft. of freeboard at the design flood 

Woody debris potential is significant: 3.5 - 5.0 ft. of freeboard  

Ice flow potential is significant: 5.0 - 10.0 ft. of freeboard 

Bridge Scour 100-year 200-year 
Countermeasure design flood frequency: 200-year 

Use the worst case scour up to and including these events 

Floodplain 
Encroachment 100-year Overtopping  

(≤ 500-year) 

Unregulated base floodplain: rise ≤ 1.0 ft. 

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 
Roadway 

Design 
Frequency 

Check 
Frequency Design Criteria 

Bridges 10-year 

Greater of 
100-year and 
overtopping  
(≤ 500-year) 

Minimum 2 ft. of freeboard at the design flood 

Bridge Scour 100-year 200-year 
Countermeasure design flood frequency: 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. 

 

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  
(sq. mi.) 

Mean Basin Elevation  
(ft.) 

Mean Basin Slope  
(%) 

Mean Annual 
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 

USGS 
Station Location Latitude Longitude 

 
Drainage 
Area (sq 

mi.) 

 
Period 

of 
Record 

 
Total Peak 

Streamflow 
Records 

 
Status 

09328900 
Cresent Wash 
near Cresent 
Junction, UT 

38°56'32" 109°49'14" 

 
 

23.30 

 
 

1959- 
1968 

 
 

10 

 
 

Inactive 

09185200 
Kane Springs 
Canyon near 

Moab,UT 
38°24'00” 109°27'00" 

 
 

17.80 

 
 

1959-
1974 

 
 

15 

 
 

Inactive 
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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 
Probability (%) 

Return Period  
(Year) 

   Peak Flow 
Estimate 

(cfs) 

Standard Error of 
Prediction (%) 

 
 
 
 

Salt Valley Wash 

50 2 520 108 
20 5 1,310 80 
10 10 2,100 70 
4 25 3,540 62 
2 50 4,940 60 
1 100 6,880 61 

0.5 200 8,580 62 
0.2 500 11,800 66 

 
 
 
 
 

Salt Wash 

50 2 1,190 108 
20 5 2,680 80 
10 10 4,080 70 
4 25 6,560 62 
2 50 8,890 60 
1 100 12,400 61 

0.5 200 14,800 62 
0.2 500 19,900 66 

  
 
 
 
 

Winter Camp Wash 

50 2 376 108 
20 5 970 80 
10 10 1,570 70 
4 25 2,670 62 
2 50 3,750 60 
1 100 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  
(Year) 

Point Precipitation  
(in.) 

 
 
 
 

Salt Valley Wash 

50 2 1.11 
20 5 1.38 
10 10 1.60 
4 25 1.93 
2 50 2.19 
1 100 2.47 

0.5 200 2.76 
0.2 500 3.48 

 
 
 
 
 

Salt Wash 

50 2 1.10 
20 5 1.36 
10 10 1.58 
4 25 1.88 
2 50 2.12 
1 100 2.37 

0.5 200 2.63 
0.2 500 2.80 

 
 
 
 
 

Winter Camp Wash 

50 2 1.18 
20 5 1.47 
10 10 1.71 
4 25 2.05 
2 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 FLOWS 
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 
Exceedance 
Probability 

(%) 

Return 
Period 
(Year) 

Peak Flow Results 
Basin CN - Herbaceous Streamstats Lower Limit 

 cfs cfs Cfs 
 
 
 
 
 

Salt Valley Wash 

50 2 239 520 216 
20 5 409 1,310 648 
10 10 582 2,100 1,117 
4 25 895 3,540 2,001 
2 50 1,196 4,940 2,837 
1 100 1,577 6,880 3,920 

0.5 200 2,101 8,580 4,851 
0.2 500 3,192 11,800 6,468 

 

 
 
 
 
 

Salt Wash 

50 2 1,070 1,190 494 
20 5 1,721 2,680 1,326 

10 10 2,367 4,080 2,170 

4 25 3,475 6,560 3,709 

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 
 

 
 
 
 
 

Winter Camp Wash 

50 2 167 376 156 
20 5 295 970 480 

10 10 432 1,570 835 

4 25 677 2,670 1,510 

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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Figure 3: Salt Wash Peak Flow Comparison 

 

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 
(Year) 

Peak Flow 
(cfs) 

 
 
 
 

Salt Valley Wash 

50 2 216 
20 5 648 
10 10 1,117 
4 25 2,001 
2 50 2,837 
1 100 3,920 

0.5 200 4,851 
0.2 500 6,468 

  
 
 
 
 

Salt Wash 

50 2 494 
20 5 1,326 
10 10 2,170 
4 25 3,709 
2 50 5,106 
1 100 7,066 

0.5 200 8,367 
0.2 500 10,907 

 
 
 
 
 

Winter Camp Wash 

50 2 156 
20 5 480 
10 10 835 
4 25 1,510 
2 50 2,154 
1 100 2,975 

0.5 200 3,709 
0.2 500 4,977 
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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 HYDRAULIC 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 (NAVD88). 

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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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 

Salt Valley Wash 

Salt Wash 

Winter Camp 
Wash 

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. 

 

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. 

 

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 

Salt Valley Wash 

Salt Wash 

Winter Camp 
Wash 
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4.6 HYDRAULIC 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. 

 

 

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 
Period 
(Year) 

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

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 3.5 6.5 4292.8 4292.9 

100 5.7 9.5 3.9 6.9 4293.2 4293.4 
200 5.1 9.2 3.7 6.6 4293.0 4293.1 

 



28 | Page UT NP ARCH 100(2) – Final Hydraulics Report 

Table 12 : Existing Conditions Hydraulic Results – Salt Wash 

Return 
Period 
(Year) 

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

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 
Period 
(Year) 

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

Average Maximum Average Maximum Average Maximum 

2 0.5 0.9 0.7 1.4 4286.1 4286.1 
10 3.2 4.3 1.8 5.0 4289.5 4290.1 
50 4.8 7.6 2.3 6.1 4290.3 4291.0 

100 5.3 8.4 2.7 6.5 4290.7 4291.4 
200 5.0 8.1 2.5 6.3 4290.5 4291.2 

 

   

Figure 13 : Existing Salt Valley Wash Profile 
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10-year WSEL 
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Figure 14 : Existing Salt Wash Profile 

 

Figure 15: Existing Winter Camp 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 
Period 
(Year) 

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

Average Maximum Average Average Average Maximum 

2 5.8 7.8 0.6 1.0 4287.2 4287.8 
10 7.5 11.3 1.5 2.7 4289.4 4290.7 
50 9.1 13.5 2.8 4.7 4291.2 4292.1 

100 10.3 13.8 3.4 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 
Period 
(Year) 

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

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 
Period 
(Year) 

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

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 

 

 

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 
Period 
(Year) 

WSEL (ft) Bridge Low 
Chord (ft) 

Freeboard (ft) 

Average Maximum Average Minimum 

2 4287.2 4287.8 

4295.0 

7.8 7.3 

10 4289.4 4290.7 5.6 4.4 

50 4291.2 4292.1 3.9 3.0 

100 4291.8 4293.0 3.3 2.1 

200 4292.1 4293.5 2.9 1.5 
 

 

 

 

 

200-yr 

100-yr 

50-yr 

10-yr 

Approx. Bridge 
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Table 18 : Bridge Freeboard – Salt Wash 

Return 
Period 
(Year) 

WSEL (ft) Bridge Low 
Chord (ft) 

Freeboard (ft) 

Average Maximum Average Minimum 

2 4283.5 4284.1 

4289.1 

5.6 5.1 
10 4286.6 4287.1 2.6 2.1 
50 4288.3 4289.3 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 
Period 
(Year) 

WSEL (ft) Bridge Low 
Chord (ft) 

Freeboard (ft) 

Average Maximum Average Minimum 

2 4284.1 4284.2 

4293.0 

8.9 8.8 
10 4285.8 4286.6 7.2 6.4 
50 4288.9 4292.1 4.1 0.9 

100 4289.6 4292.5 3.3 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 (D50) 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 

Bridge Site Design 
Flood 

Long Term 
Degradation 

(ft) 

Contraction 
Scour (ft) 

Pier Scour 
(ft) 

Total 
Scour 

(ft)  

Reference 
Elevation 

(ft) 

Total Scour 
Elevation 

(ft) 

Salt Valley 
Wash 

100-year  0 1.43 7.44 8.87 4,280.0 4,271.1 

200-year  0 1.46 7.56 9.02 4,280.0 4,271.0 

Salt Wash 
100-year  0 0.61 6.32 6.93 4,277.0 4,270.1 

200-year  0 0.61 6.25 6.86 4,277.0 4,270.1 

Winter 
Camp Wash 

100-year  0 2.55 7.81 10.36 4,282.5 4,272.1 

200-year  0 3.1 7.84 10.94 4,282.5 4,271.6 

 

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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Existing Conditions Photos 
Salt Valley Wash 

 

Upstream of Salt Valley Wash 

 

Inlet of Salt Valley Wash 
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Downstream of Salt Valley Wash 

 

Outlet of Salt Valley Wash 
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Salt Wash 

 

Inlet of Salt Wash 

 

Downstream of Salt Wash 
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Outlet of Salt Wash 
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Winter Camp Wash 

 

Upstream of Winter Camp Wash 

 

Condition of Existing Culvert 
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Winter Camp Wash, Downstream 
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StreamStats Salt Valley Wash 
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StreamStats Salt Wash 
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StreamStats Winter Camp Wash 
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 Precipitation Frequency Data Server Information – Salt Valley Wash  
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Precipitation Frequency Data Server Information – Salt Wash 
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Precipitation Frequency Data Server Information – Winter Camp Wash 
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Runoff Curve Number Report 

Web Soil Survey  

Salt Valley Wash 
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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 

 

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, Ia (inches) 0.20 
Time of Concentration, TC (hr) 6.65 

Lag Time, TLag (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, Ia (inches) 0.15 
Time of Concentration, TC (hr) 10.6 

Lag Time, TLag (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, Ia (inches) 0.24 
Time of Concentration, TC (hr) 5.55 

Lag Time, TLag (hr) 3.33 
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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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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 
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Salt Valley Wash 200-Year 

 



D14 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

 



D15 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

 



D16 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

 



D17 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

 



D18 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



D19 | Hydraulics       UT ARCH 100(2) – Final Hydraulics Report 

Salt Valley Wash Riprap  
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Salt Wash 100-Year 
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Salt Wash 200-Year 
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