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This report has been prepared by or under the supervision of the following 
Registered Engineer.  The Registered Civil Engineer attests to the technical 
information contained herein and has judged the qualifications of any technical 
specialists providing engineering data upon which recommendations, 
conclusions, and decisions are based.

_________________________________

Pamela Dalcin-Walling, P.E.

_________________________________
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1 

1 INTRODUCTION 
The County of Riverside (County) is proposing to replace the existing structurally deficient 
and functionally obsolete two-lane Market Street Bridge over the Santa Ana River with a new 
four-lane bridge. The project is located in northwestern Riverside County, in the cities of 
Jurupa Valley and Riverside. See Appendix A for a Vicinity Map. 

The existing bridge is approximately 34 feet wide and carries two lanes of traffic over the Santa 
Ana River (one lane in each direction) plus a sidewalk along the north side that is separated by 
a concrete barrier from the vehicular traffic. The bridge is a 12-span steel plate girder bridge 
with a total length of 1,195 feet. It is supported on reinforced concrete pier walls. The existing 
bridge was constructed in two segments. The first segment was completed in 1953, which 
included piers 7 through 12 and abutment 13. Pier 7 and abutment 13 were founded on driven 
steel shell filled with concrete piles, and piers 8 through 12 were founded on untreated timber 
piles as referenced in the as-builts. The second segment was completed in 1957, which 
included abutment 1 and piers 2 through 6 founded on driven steel shell filled with concrete 
piles as referenced in the as-builts. The bridge was later retrofitted for seismic safety in 2001. 
As-builts for the 2001 retrofit are included as Appendix B. 

The proposed bridge will be approximately 88 feet wide carrying four lanes of traffic and one 
multi-use path. The bridge replacement is located along the same alignment as the existing 
bridge where the wider footprint will extend in the upstream direction.  The proposed bridge 
will be a nine-span bridge supported by eight 5.5-foot diameter pier columns constructed in 
two stages to avoid a full traffic closure along Market Street. 

2 REPORT OBJECTIVE 
This report documents the temporary and proposed condition hydraulic and scour impacts due 
to the proposed improvements under various storm events. The conclusions and 
recommendations of this report will support the bridge design to ensure sufficient freeboard 
and scour protection is provided. 

3 HYDRAULIC ANALYSIS 

3.1 Hydraulic Criteria 
The hydraulic design of the proposed Market Street Bridge was performed in accordance with 
the Caltrans design standards. The Caltrans design standards require bridges to pass the 50- 
and 100-year peak discharges with two and zero feet of freeboard, respectively. 

3.2 Hydraulic Model 

The hydraulic analysis of the Santa Ana River at the Market Street Bridge was performed using 
the United States Army Corps of Engineers (USACE) Hydrologic Engineering Center’s River 
Analysis System (HEC-RAS) hydraulic modeling software. The base model was originally 
developed by the Riverside County Flood Control and Water Conservation District 
(RCFC&WCD) and has been further developed to analyze the existing, temporary 
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2

construction, and proposed conditions. The model was developed based on the following 
components:

Peak Flows

Peak flow rates for the Santa Ana River were extracted from the USACE Santa Ana River 
Design Memorandum No. 1 Phase II GDM on the Santa Ana River Mainstem Including 
Santiago Creek dated August 1988. These flow rates are shown in Table 1 and represent the 
future anticipated peak flow rates accounting for the construction of the Seven Oaks Dam. 
Although these flows are not currently incorporated into Federal Emergency Management 
Agency (FEMA) reports and maps, it is the most current data available and is recognized by 
the Riverside County Flood Control and Water Conservation District (RCFC&WCD). See 
Appendix C for an excerpt from the USACE memo summarizing the peak flows utilized for 
the Market Street Bridge hydraulic analysis.

Table 1: Santa Ana River Peak Flows at Market Street Bridge

Storm Frequency Peak Flow
(cubic feet per second)

50-Year 82,000
100-Year 140,000

River Geometry

The hydraulic model provided by RCFC&WCD includes 209 geometric cross sections 
representing the existing Santa Ana River channel and overbanks. The model spans 86,250 
feet along the Santa Ana River from approximately 4,690 feet upstream of the Market Street 
bridge to the Prado Reservoir. Cross-sections were modeled immediately upstream and 
downstream of bridges to ensure that the model could adequately capture the losses. The 
remaining cross-sections are spaced further apart to represent the river upstream, downstream 
and between the bridges. River geometry was modeled using elevations based on the North 
American Vertical Datum of 1988 (NAVD88). The existing, temporary, and proposed 
conditions models all utilized the same river cross-sections. See Appendix D for a layout of 
the cross sections in the hydraulic model.

Bridge Geometry

Existing Bridges

A total of eleven bridges were included in the hydraulic model, including the Market Street 
Bridge. The existing Market Street Bridge structure was modeled based on data from surveys 
and as-builts. Survey data was collected in May 2017 and supplemented in March 2019, with 
elevations based on NAVD88. Superstructure elevations that were not surveyed were 
determined using the geometry indicated in as-builts, which include the 1953 original bridge 
construction and two retrofit as-builts from 1996 and 2002. The elevations reported in the as-
builts had to be converted from the National Geodetic Vertical Datum of 1929 (NGVD29) to
NAVD88 to be used in the models.
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Piers 1 through 6 in the model (7 through 12 in the as-builts) are skewed 20 degrees relative to 
the flow while piers 7 through 11 in the model (2 through 6 of the as-builts) are aligned parallel 
to the flow of the river. Pier widths for piers skewed relative to flow were adjusted to account 
for the effective obstruction width. Pier widths for piers not skewed relative to flow were 
adjusted for debris by adding four feet to the constructed widths, assuming debris may extend 
two feet beyond each end. Piers 3, 4, 11, and 12 have exposed foundations (due to recent 
scour), and in some cases the underlying piles are exposed. The exposed foundations and piles 
were modeled as a solid obstruction since it is anticipated that debris will collect between each 
of the foundation piles. See Table 2 for a summary of the pier numbering and geometry. 

Table 2: Existing Market Street Bridge Piers 

Pier Number 

As-Built No. 12 11 10 9 8 7 6 5 4 3 2 

Model No. 1 2 3 4 5 6 7 8 9 10 11 
Pier Width 

(ft) 4.9 4.9 4.9 4.9 4.9 4.9 4.5 4.5 4.5 4.5 4.5 

Skew 
Adjusted Pier 

Width (ft) 
12.81 12.81 12.81 12.81 12.81 12.81 N/A N/A N/A N/A N/A 

Foundation 
Width (ft) 13.0* 13.0* 13.0 13.0 13.0 13.0 9.0 9.0 9.0* 9.0* 9.0 

Skew 
Adjusted 

Foundation 
Width (ft) 

23.84* 23.84* N/A N/A N/A N/A N/A N/A N/A N/A N/A 

*Indicates an exposed foundation used in the scour analysis.

Proposed Bridge 

The proposed bridge replacement is a nine span, 1,216-foot long by 88-foot 5-inch wide, cast-
in-place pre-stressed concrete box girder bridge. The bridge will accommodate two 12-foot 
and two 14-foot lanes, two 8-foot shoulders, a 12-foot multi-use path, a 4-foot center median, 
and two bridge railings. The bridge will be supported by a total of (32) 66-inch diameter 
columns over (32) 8-foot cast-in-drilled-hole (CIDH) piles aligned with the flow of the river. 
The maximum horizontal shift of the roadway will be approximately 39 feet to the northeast, 
while the maximum vertical profile will increase approximately three feet. Features of the new 
bridge are summarized in Table 3. 

Table 3: Proposed Market Street Bridge Information 
Bridge Number 56C0024 (same as existing) 

Length 1,216 feet 
Clear Width 88 feet 5 inches 

Number of Spans 9 
Lanes 4 

Low Chord Elevation 820.9 feet ± (at abut 10) (NAVD 88) 
Bridge Deck Elevation 826.9-830.4 feet ± (NAVD 88) 
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The alignment is offset to the northeast of the existing roadway centerline by the distance 
required to allow for one lane of traffic to be open during the first stage of construction while 
the existing bridge is removed. The remaining construction will take place in Stage 3, with the 
exception of the closure pour. 

The project includes approximately 1,770 feet of roadway approach northwest of the bridge, 
1,370 feet of roadway approach southeast of the bridge, and the modification of one driveway 
due to the revised horizontal and vertical alignment of Market Street. 

See Appendix E for the Proposed Market Street Bridge General Plan. 

Temporary Bridge Conditions 

The temporary construction condition was modeled using the existing condition cross-sections 
and a combination of the existing bridge, the proposed bridge, and temporary falsework 
structures. The temporary condition analysis was performed to confirm that the combination 
of structural elements in the channel will not have an adverse hydraulic impact at or upstream 
of the bridge crossing during construction.  

Construction of the new bridge will be staged to allow the roadway to remain open to traffic. 
Construction will consist of five stages: 

 Stage 1 consists of constructing an access road spanning the channel, a temporary 
bridge structure for construction accessibility, and the Market Street northbound lane 
improvements including the proposed bridge while traffic continues to utilize the 
existing bridge. Stage 1 also includes construction of Soundwall No. 1. 

 Stage 2 construction is limited to the Via Cerro and Market Street intersection 
improvements and will not include work within the Santa Ana River.  

 Stage 3 will follow the same steps as Stage 1 while constructing the southbound lanes 
of the proposed bridge and traffic will be shifted to the proposed bridge northbound 
lanes. Stage 3 also includes a bridge closure to construct the deck closure pour and 
constructing retaining walls No. 1 and 2. 

 Stage 4 construction is limited to the Via Cerro and Market Street intersection and 
Market Street center lane improvements south of the bridge. Stage 4 will not include 
work within the Santa Ana River. 

 Stage 5 construction is limited to Market Street northbound lane improvements south 
of the bridge. Stage 5 will not include work within the Santa Ana River. 

During Stage 1, a construction access road and temporary bridge will be constructed upstream 
of the existing bridge to provide a work platform for construction activities. The temporary 
bridge falsework will extend 3.5 feet below the proposed bridge soffit and will be supported 
by approximately (45) 14-inch diameter temporary driven piles. The spacing and locations of 
the existing, proposed, and temporary piers vary, resulting in overlapping obstructions for 
some piers and no overlap for others. The temporary bridge will be constructed of a timber or 
steel plate decking spanning the dry weather low water channel. The construction access road 
and temporary bridge will be removed between Stages 1 and 3. During Stage 3, another 
construction access road and temporary bridge will be constructed, this time on the 
downstream side of the existing bridge. 
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5

The temporary bridges will be removed during the rainy seasons when the Santa Ana River 
may experience high flows. The temporary bridge falsework soffit elevations are lower than 
the existing bridge soffit elevations. As a result, the modeled temporary construction condition 
includes the proposed bridge with its soffit lowered by 3.5 feet to represent the falsework, the 
existing and proposed piers, the temporary 14-inch diameter driven piles, and the channel bed 
raised by 2 feet representing the access road. Due to the temporary access road and the 
inconsistent alignment of the three sets of piers, the temporary condition increases the channel 
obstructions. See Appendix F for an exhibit depicting the temporary construction obstructions.

Manning’s N Values

Manning’s roughness coefficients (n values) were used in the hydraulic model to represent the 
site-specific resistance to channel flow. Several Manning’s n values were assigned along each 
cross section ranging from 0.015 to 0.100. The Manning’s n values were verified based on 
field observations and aerial imagery.

Boundary Conditions

The hydraulic model downstream cross section is located immediately upstream of the Prado 
Dam. The downstream boundary condition recognized by RCFC&WCD is set to the known 
water surface elevation of 556.5 feet, which is conservative compared to the FEMA FIRM 
base flood elevation (BFE). The WSEs documented in the FIS in the vicinity of the downstream 
model boundary is approximately 552 feet.

Expansion and Contraction Coefficients

Expansion and contraction coefficients were used in the hydraulic model to account for 
associated energy losses in the channel. The channel segments were assigned an expansion 
coefficient of 0.3 and a contraction coefficient of 0.1 due to its gradual transitions between 
most cross-sections. The cross-sections immediately upstream and downstream of the bridges
and along the channel that experience abrupt changes of the cross-sectional area were assigned 
an expansion coefficient of 0.5 and a contraction coefficient of 0.3. The expansion and
contraction coefficients were verified based on field observations and aerial imagery.

Hydraulic Results

The hydraulic results were determined by performing a subcritical flow analysis of the modeled 
channel, structures, and peak flows under existing, temporary, and proposed conditions.

Existing Bridge Condition

The hydraulic analysis indicates the existing bridge meets Caltrans’ freeboard criteria by 
providing over 13 feet of freeboard during a 50-year event and 10 feet of freeboard during a 
100-year event. Existing condition freeboards are summarized in Table 4.
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Table 4: Existing Condition Market Street Bridge Hydraulic Summary 

Flood Frequency 
(years) 

Peak Flow 
(cfs) 

Channel 
Velocity 

(ft/s) 

Water Surface 
Elevation* 

(ft) 

Available 
Freeboard* 

(ft) 

Required 
Freeboard 

(ft) 
50 82,000 10.1 806.5 13.8 2.0 

100 140,000 12.3 809.9 10.4 0.0 
* Water surface elevation and available freeboard is based on the upstream bridge face and calculated 
using a minimum bridge soffit elevation of 820.3 feet (NAVD88).

Temporary Bridge Condition 

The temporary bridge condition was evaluated using the same storm flows as that of the 
existing and proposed condition (i.e. the 50- and 100-year events). Although the temporary 
condition is unlikely to experience a 50- or 100-year event since the temporary falsework will 
be removed during the rainy season, the results of this analysis show that impacts to WSE will 
be significant, but will not compromise freeboard at the bridge or along the upstream channel 
banks/levee.  

During storm conditions, the temporary bridge will meet Caltrans’ freeboard criteria by 
providing over 8 feet of freeboard during a 50-year event and 4 feet of freeboard during a 100-
year event. Temporary condition freeboards are summarized in Table 5. 

Table 5: Temporary Condition Market Street Bridge Hydraulic Summary 

Flood Frequency 
(years) 

Peak Flow 
(cfs) 

Channel 
Velocity 

(ft/s) 

Water Surface 
Elevation* 

(ft) 

Available 
Freeboard* 

(ft) 

Required 
Freeboard 

(ft) 
50 82,000 9.9 809.0 8.4 2.0 

100 140,000 12.1 812.7 4.7 0.0 
* Water surface elevation and available freeboard is based on the upstream bridge face and calculated 
using a minimum existing bridge soffit elevation of 817.4 feet (NAVD88). 

During a 100-year storm event, the temporary construction condition hydraulic analysis results 
in a maximum WSE increase of 2.83 feet at the proposed bridge compared to the existing 
condition. This increase attenuates over a distance of approximately 4,700 feet in the upstream 
direction. This increase will not breach the required freeboards along the upstream channel 
banks/levee due to the naturally high bank and levee elevations along this impacted channel 
segment. The lowest bank elevation in this reach occurs at cross section 99500, where 8 feet 
of freeboard is still available during the 100-year storm event in the temporary bridge 
condition.  

Table 6 summarizes the 50- and 100-year WSEs of the Santa Ana River at several cross 
sections in the vicinity of the Market Street Bridge for the temporary conditions. 
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Table 6: Temporary Condition Water Surface Elevation Summary 

River 
Station Description 

Water Surface Elevation (NAVD88) 
50-Year Flow 100-Year Flow

Existing Temporary Difference Existing Temporary Difference 
103000 4,712 Feet Upstream of Bridge 826.34 826.34 0.00 829.03 829.03 0.00 
102500 4,212 Feet Upstream of Bridge 823.31 823.31 0.00 825.94 825.95 0.01 
10200 3,712 Feet Upstream of Bridge 820.93 820.93 0.00 823.68 823.70 0.02 

101500 3,212 Feet Upstream of Bridge 819.34 819.34 0.00 822.21 822.25 0.04 
101000 2,712 Feet Upstream of Bridge 817.53 817.53 0.00 820.36 820.46 0.10 
100500 2,212 Feet Upstream of Bridge 815.12 815.18 0.06 817.95 818.33 0.38 
100000 1,712 Feet Upstream of Bridge 813.04 813.31 0.27 816.22 817.00 0.78 
99500 1,212 Feet Upstream of Bridge 811.49 812.06 0.57 814.84 816.02 1.18 
99000 712 Feet Upstream of Bridge 809.38 810.78 1.40 812.83 814.84 2.01 
98750 462 Feet Upstream of Bridge 808.36 810.32 1.96 812.04 814.43 2.39 
98355 5 Feet Upstream of Bridge 807.33 809.90 2.57 811.12 813.95 2.83 

98288* 

Upstream Face of Proposed Bridge N/A 809.03 N/A N/A 812.67 N/A 
Upstream Face of Existing Bridge 806.48 N/A N/A 809.94 N/A N/A 

Downstream Face of Existing Bridge 805.81 805.41 -0.40 809.13 808.51 -0.62
Downstream Face of Proposed Bridge N/A N/A N/A N/A N/A N/A 

98250 12 Feet Downstream of Bridge 806.03 806.03 0.00 809.55 809.55 0.00 
*The upstream face of the proposed bridge is approximately 45 feet upstream of the existing bridge upstream face. The downstream
face of the proposed bridge is approximately 10 feet downstream of the existing bridge downstream face.

Proposed Bridge Condition 

The hydraulic analysis indicates the proposed bridge will meet Caltrans’ freeboard criteria by 
providing over 14 feet of freeboard during the 50-year storm and over 10 feet of freeboard 
during the 100-year storm.  Proposed condition freeboards are summarized in Table 7. 

Table 7: Proposed Condition Market Street Bridge Hydraulic Summary 

Flood Frequency 
(years) 

Peak Flow 
(cfs) 

Channel 
Velocity 

(ft/s) 

Water Surface 
Elevation* 

(ft) 

Available 
Freeboard* 

(ft) 

Required 
Freeboard 

(ft) 
50 82,000 9.3 806.7 14.2 2.0 

100 140,000 11.3 810.3 10.6 0.0 
* Water surface elevation and available freeboard is based on the upstream bridge face and calculated 
using a minimum bridge soffit elevation of 820.9 feet (NAVD88).

The proposed condition hydraulic analysis results in minor decreases to WSEs and minor 
increases in flow velocity at and upstream of the proposed bridge compared to the existing 
condition.  

Although the project will not substantially increase the erodibility of the channel banks, the 
disturbed and unlined banks at the proposed abutments will be lined for erosion protection. 
The project will incorporate grouted rock slope protection with a toe depth down to the total 
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8

scour depth (see Section 3.3) at Abutment 1. The grouted rock slope protection will be 
coordinated and consistent with the Army Corps of Engineers Riverside Levees Rehabilitation 
Project design.

The existing channel bank at Abutment 10 consists of concrete slope protection from the toe 
of slope rising half way up the bank to a concrete bike path, and an unlined channel bank from 
the bike path to the top of bank. Abutment 10 will be constructed by protecting the existing 
concrete slope and bike path. The channel bank above the bike path will be concrete lined, 
providing seamless concrete lining at Abutment 10.

See Appendix G for detailed results of the hydraulic analysis.

Table 8: Proposed Condition Water Surface Elevation Summary

River 
Station Description

Water Surface Elevation (NAVD88)
50-Year Flow 100-Year Flow

Existing Proposed Difference Existing Proposed Difference
100000 1,712 Feet Upstream of Bridge 813.04 813.03 -0.01 816.22 816.19 -0.03
99500 1,212 Feet Upstream of Bridge 811.49 811.47 -0.02 814.84 814.78 -0.06
99000 712 Feet Upstream of Bridge 809.38 809.30 -0.08 812.83 812.70 -0.13
98750 462 Feet Upstream of Bridge 808.36 808.21 -0.15 812.04 811.86 -0.18
98355 5 Feet Upstream of Bridge 807.33 807.09 -0.24 811.12 810.87 -0.25

98288*

Upstream Face of Proposed Bridge N/A 806.74 N/A N/A 810.33 N/A
Upstream Face of Existing Bridge 806.48 N/A N/A 809.94 N/A N/A

Downstream Face of Existing Bridge 805.81 N/A N/A 809.13 N/A N/A
Downstream Face of Proposed Bridge N/A 805.93 N/A N/A 809.36 N/A

98250 12 Feet Downstream of Bridge 806.03 806.03 0.00 809.55 809.55 0.00
*The upstream face of the proposed bridge is approximately 45 feet upstream of the existing bridge upstream face. The downstream
face of the proposed bridge is approximately 10 feet downstream of the existing bridge downstream face. 

3.3 Scour Analysis

Using the results of the hydraulic analysis described above, together with the Federal Highway 
Administration (FHWA) Hydraulic Engineering Circular No. 18 titled Evaluating Scour at 
Bridges Fifth Edition (HEC-18), total scour for the existing Market Street Bridge was 
calculated as a function of the long-term aggradation/degradation, contraction scour, and local 
(pier/abutment) scour.

Long-Term Scour

The long-term aggradation/degradation was derived from a series of BIR measurements and 
the 2017 survey of the thalweg in the Draft Bridge Design Hydraulic Study Report for the 
Market Street Bridge Replacement at Santa Ana River, dated August 2018. Based on the 
thalweg elevation change from 2001 to 2017, the best fit extrapolation over the 75-year design 
life of the bridge results in bed elevation scour of 7.8 feet.
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Contraction Scour

Contraction scour was calculated assuming cohesionless bed materials using the live-bed 
contraction method since the critical velocity of the mean bed material size is less than the 
mean velocity in the channel. The critical velocity is calculated as follows:

Vc=Ku y1/6 D50
1/3

Where:

Vc = Critical velocity above which the bed material size D50 and smaller will be transported 
(feet per second)
y = Average depth of flow upstream of the bridge (feet)
D50 = Median particle size diameter (feet)
Ku = 11.17 (unitless, US customary units)

The live-bed contraction scour was calculated using the modified version of Laursen’s 1960 
equation per recommendation in HEC-18. The equations used for live-bed contraction scour is 
as follows:

y2 = y1 (Q2/Q1) (W1/W2)k
1

V* = g y1 S1

Where:

y2 = Average depth in the contracted section (feet)
y1 = Average depth in the upstream main channel (feet)
y0 = Existing depth in the contracted section before scour (feet)
Q1 = Flow in the upstream channel transporting sediment (cubic feet per second)
Q2 = Flow in the upstream channel transporting sediment (cubic feet per second)
W1 = Bottom width of the upstream main channel that is transporting bed material (feet)
W2 = Bottom width of main channel in contracted section less pier width(s) (feet)
V* = Shear velocity in the upstream section (feet per second)
T = Fall velocity of bed material (feet per second, see Appendix H)
g = Acceleration of gravity (32.2 feet per second squared)
S1 = Slope of energy grade line of main channel (feet per feet)
k1 = Exponent determined by Table 9 (unitless)

Table 9: Contraction Scour Factor k1

V*/T k1 Mode of Bed Material Transport
<0.50 0.59 Mostly contact bed material discharge

0.50 to 2.0 0.64 Some suspended bed material discharge
>2.0 0.69 Mostly suspended bed material discharge

The median particle size diameters were determined using the sieve analyses performed at each 
pier in March 2021. The results of the borings indicate median particle size diameters ranging 

SU
PP

LE
M

EN
TA

L 
PR

O
JE

C
T 

IN
FO

R
M

AT
IO

N
, B

R
ID

G
E 

D
ES

IG
N

 H
YD

R
AU

LI
C

 R
EP

O
R

T,
 P

g.
 1

2 
of

 1
07



10

from 0.08 to 0.80 millimeters. See Appendix I for the grain size distribution graphs for each 
pier location.

The contraction scour calculations resulted in no contraction scour.

Local Scour

Local scour is comprised of pier scour and abutment scour. The abutments do not encroach on 
the 100-year floodway, resulting in zero abutment scour.

The local pier scour equation is based on the Colorado State University method and is 
recommended for live-bed pier scour. The equation used to predict maximum pier scour depths 
is as follows:

= 2.0
a 0.65

0.43

Where:

= Scour depth (feet)
= Flow depth directly upstream of the pier (feet)
= Correction factor for pier nose shape (unitless)
= Correction factor for angle of attack of flow (unitless)
= Correction factor for bed condition (unitless)

= Angle of attack of the flow approaching the piers (degrees)
= Pier width (feet)
= Length of pier (feet)

= Froude Number directly upstream of the pier (unitless)
= Mean velocity of flow directly upstream of the pier (feet per second)

= Acceleration of gravity (32.2 feet per second squared)

The shape of the proposed pier is round, the angle of attack is zero degrees, and the bed 
condition is clear-water scour, which results in K1, K2, and K3 factors of 1.0, 1.0, and 1.1, 
respectively per HEC-18 Section 7.2. HEC-RAS utilized the 100-year steady flow hydraulic 
simulation results with user inputted D50 and pier length values to calculate the local pier scour.
A summary of the pier scour results is presented in Table 10.
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11

Table 10: Pier Scour Summary

Pier Scour (feet)
General Plan

No.
Pier 

2
Pier 

3
Pier 

4
Pier 

5
Pier 

6
Pier

7
Pier

8
Pier

9

Model No. Pier 
8

Pier 
7

Pier 
6

Pier 
5

Pier 
4

Pier
3

Pier
2

Pier
1

100-Year
Storm 10.9 12.0 13.2 13.1 11.9 11.2 11.1 11.0

Total Scour

Results of the scour analysis indicate that total scour ranges from a minimum of 18.7 feet to a 
maximum of 21.0 feet. A summary of the total scour results is presented in Table 11.

Table 11: Total Scour Results

Total Scour (feet)
General Plan

No.
Pier 

2
Pier 

3
Pier 

4
Pier 

5
Pier 

6
Pier

7
Pier

8
Pier

9

Model No. Pier 
8

Pier 
7

Pier 
6

Pier 
5

Pier 
4

Pier
3

Pier
2

Pier
1

100-Year
Storm 18.7 19.8 21.0 20.9 19.7 19.0 18.9 18.8

Borings show that the material at the maximum predicted scour depths are prone to scour. The 
scour analysis indicates there is potential for total pier scour from 18.7 feet to 21.0 feet. The 
pier foundations for the proposed Market Street Bridge are proposed to be constructed to a 
minimum depth of 68 feet, which is significantly lower than the maximum scour depths.

The detailed scour analysis is presented in Appendix J.
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APPENDIX A 

Vicinity Map 
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APPENDIX B 

Market Street Bridge As-Builts 
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APPENDIX C 

Santa Ana River Peak Flow Excerpt 
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APPENDIX D 

Hydraulic Model Layout 
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APPENDIX E 

Proposed Market Street Bridge General Plan 
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APPENDIX F 

Temporary Construction Obstructions 
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APPENDIX G 

Hydraulic Analyses 
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Existing Conditions Hydraulic Analysis 
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HEC-RAS  Plan: ExCondJul2021FutureQs   River: Santa Ana River   Reach: Levees
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Levees 103250  100yr 140000 814.21 830.04 827.31 832.32 0.004369 12.32 12387 1176 0.65
Levees 103250  50yr 82000 814.21 827.29 824.76 828.73 0.003900 9.71 8849 1077 0.58

Levees 103000  100yr 140000 812.88 829.03 826.19 831.23 0.004162 12.15 12898 1247 0.63
Levees 103000  50yr 82000 812.88 826.34 823.59 827.78 0.003716 9.65 8660 991 0.57

Levees 102500  100yr 140000 810.49 825.94 824.28 828.64 0.006307 13.66 11823 1252 0.76
Levees 102500  50yr 82000 810.49 823.31 821.92 825.30 0.006580 11.45 7500 1017 0.74

Levees 102000  100yr 140000 807.38 823.68 821.11 825.80 0.004569 11.88 12740 1281 0.65
Levees 102000  50yr 82000 807.38 820.93 818.89 822.40 0.004645 9.78 8543 1133 0.62

Levees 101500  100yr 140000 806.47 822.21 818.56 823.77 0.003085 10.21 14946 1423 0.54
Levees 101500  50yr 82000 806.47 819.34 816.37 820.42 0.003053 8.35 9966 1219 0.51

Levees 101000  100yr 140000 802.27 820.36 817.19 822.09 0.003605 10.78 14242 1392 0.58
Levees 101000  50yr 82000 802.27 817.53 815.04 818.74 0.003665 8.88 9588 1256 0.56

Levees 100500  100yr 140000 800.72 817.95 815.48 820.00 0.004777 11.71 12823 1315 0.66
Levees 100500  50yr 82000 800.72 815.12 813.32 816.55 0.005181 9.76 8859 1266 0.65

Levees 100000  100yr 140000 797.33 816.22 812.89 817.86 0.003430 10.28 13623 1316 0.56
Levees 100000  50yr 82000 797.33 813.04 810.76 814.22 0.003971 8.73 9395 1289 0.57

Levees 99500   100yr 140000 796.61 814.84 810.63 816.30 0.002681 9.71 14418 1262 0.51
Levees 99500   50yr 82000 796.61 811.49 808.42 812.49 0.002854 8.02 10222 1250 0.49

Levees 99000   100yr 140000 794.56 812.83 809.45 814.71 0.003605 11.00 12727 1153 0.58
Levees 99000   50yr 82000 794.56 809.38 807.12 810.74 0.004212 9.35 8769 1141 0.59

Levees 98750   100yr 140000 793.86 812.04 808.39 813.82 0.003303 10.69 13097 1161 0.56
Levees 98750   50yr 82000 793.86 808.36 806.03 809.69 0.004112 9.27 8845 1146 0.59

Levees 98355.0* 100yr 140000 790.54 811.12 805.94 812.65 0.002367 9.91 14133 1088 0.48
Levees 98355.0* 50yr 82000 790.54 807.33 803.40 808.36 0.002468 8.16 10045 1067 0.47

Levees 98288   BR U 100yr 140000 790.54 809.94 806.65 812.28 0.006025 12.27 11409 963 0.63
Levees 98288   BR U 50yr 82000 790.54 806.48 803.90 808.06 0.005507 10.10 8117 925 0.60

Levees 98288   BR D 100yr 140000 790.74 809.13 805.90 811.46 0.005580 12.25 11425 958 0.63
Levees 98288   BR D 50yr 82000 790.74 805.81 803.24 807.34 0.005128 9.93 8259 950 0.59

Levees 98250   100yr 140000 790.74 809.55 805.41 811.36 0.003047 10.79 12972 1058 0.54
Levees 98250   50yr 82000 790.74 806.03 802.92 807.25 0.003151 8.85 9270 1049 0.52

Levees 97500   100yr 140000 789.88 806.84 803.12 808.89 0.003489 11.49 12179 1009 0.58
Levees 97500   50yr 82000 789.88 803.20 800.45 804.63 0.003815 9.61 8536 991 0.58

Levees 97060   100yr 140000 788.01 805.76 800.79 807.49 0.002548 10.54 13280 987 0.51
Levees 97060   50yr 82000 788.01 802.08 798.17 803.20 0.002475 8.48 9667 977 0.48

Levees 96968   BR U 100yr 140000 788.01 805.16 801.13 807.29 0.005012 11.71 11955 927 0.57
Levees 96968   BR U 50yr 82000 788.01 801.69 798.40 803.06 0.004181 9.37 8755 917 0.53

Levees 96968   BR D 100yr 140000 787.45 803.80 800.58 806.16 0.005381 12.32 11366 952 0.63
Levees 96968   BR D 50yr 82000 787.45 800.51 797.89 802.04 0.004944 9.95 8244 940 0.59

Levees 96875   100yr 140000 787.45 803.57 800.42 805.91 0.004144 12.27 11414 974 0.63
Levees 96875   50yr 82000 787.45 800.24 797.77 801.80 0.004216 10.01 8191 962 0.60

Levees 96500   100yr 140000 785.73 802.02 798.84 804.36 0.004089 12.27 11407 965 0.63
Levees 96500   50yr 82000 785.73 798.68 796.15 800.23 0.004118 9.99 8204 951 0.60

Levees 96000   100yr 140000 784.59 800.08 796.69 802.35 0.003890 12.09 11576 965 0.62
Levees 96000   50yr 82000 784.59 796.74 794.02 798.23 0.003846 9.79 8373 951 0.58

Levees 95500   100yr 140000 783.09 798.04 794.80 800.36 0.004030 12.22 11458 965 0.63
Levees 95500   50yr 82000 783.09 794.75 792.14 796.27 0.003967 9.88 8304 953 0.59

Levees 95000   100yr 140000 780.79 795.64 792.92 798.18 0.004664 12.77 10963 963 0.67
Levees 95000   50yr 82000 780.79 792.33 790.24 794.05 0.004904 10.52 7791 951 0.65

Levees 94500   100yr 140000 778.09 793.71 790.33 795.98 0.003881 12.08 11587 964 0.61
Levees 94500   50yr 82000 778.09 790.26 787.66 791.78 0.003986 9.89 8290 951 0.59

Levees 94000   100yr 140000 774.30 792.04 788.11 794.11 0.003368 11.56 12111 966 0.58
Levees 94000   50yr 82000 774.30 788.58 785.44 789.93 0.003292 9.33 8792 953 0.54

Levees 93500   100yr 140000 773.64 789.99 786.64 792.27 0.003938 12.12 11549 965 0.62
Levees 93500   50yr 82000 773.64 786.56 783.98 788.09 0.004043 9.93 8260 951 0.59
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HEC-RAS  Plan: ExCondJul2021FutureQs   River: Santa Ana River   Reach: Levees (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Levees 93100   100yr 140000 769.93 788.67 784.75 790.75 0.003394 11.56 12111 967 0.58
Levees 93100   50yr 82000 769.93 785.23 782.05 786.58 0.003291 9.31 8808 952 0.54

Levees 93000   100yr 140000 770.34 788.13 784.69 790.37 0.003853 12.01 11652 966 0.61
Levees 93000   50yr 82000 770.34 784.72 782.02 786.21 0.003884 9.78 8381 953 0.58

Levees 92900   100yr 140000 769.97 787.67 784.39 789.97 0.004025 12.18 11491 967 0.62
Levees 92900   50yr 82000 769.97 784.25 781.73 785.80 0.004140 9.98 8214 953 0.60

Levees 92800   100yr 140000 770.12 787.19 784.08 789.56 0.004193 12.35 11338 967 0.64
Levees 92800   50yr 82000 770.12 783.75 781.41 785.37 0.004430 10.20 8039 953 0.62

Levees 92500   100yr 140000 769.46 785.96 782.75 788.30 0.004100 12.26 11415 966 0.63
Levees 92500   50yr 82000 769.46 782.38 780.08 784.02 0.004543 10.28 7975 951 0.63

Levees 92000   100yr 140000 769.06 784.44 780.22 786.42 0.003110 11.28 12411 969 0.56
Levees 92000   50yr 82000 769.06 780.64 777.53 782.00 0.003332 9.37 8756 953 0.54

Levees 91900   100yr 140000 767.60 784.17 779.77 786.10 0.002994 11.14 12566 972 0.55
Levees 91900   50yr 82000 767.60 780.34 777.09 781.66 0.003172 9.23 8886 954 0.53

Levees 91800   100yr 140000 764.88 784.00 779.03 785.77 0.002587 10.66 13128 971 0.51
Levees 91800   50yr 82000 764.88 780.16 776.36 781.33 0.002618 8.70 9421 955 0.49

Levees 91700   100yr 140000 763.15 783.73 778.79 785.51 0.002619 10.70 13082 971 0.51
Levees 91700   50yr 82000 763.15 779.88 776.12 781.07 0.002662 8.75 9374 955 0.49

Levees 91600   100yr 140000 762.33 783.46 778.50 785.25 0.002620 10.71 13073 970 0.51
Levees 91600   50yr 82000 762.33 779.61 775.83 780.80 0.002676 8.76 9360 955 0.49

Levees 91230   100yr 140000 763.35 782.97 776.22 784.35 0.001729 9.42 14869 981 0.43
Levees 91230   50yr 82000 763.35 779.12 773.55 779.96 0.001522 7.37 11128 965 0.38

Levees 91185   BR U 100yr 140000 763.35 782.69 776.55 784.29 0.003191 10.15 13797 926 0.46
Levees 91185   BR U 50yr 82000 763.35 778.95 773.78 779.92 0.002505 7.89 10388 913 0.41

Levees 91185   BR D 100yr 140000 763.52 782.14 777.57 784.04 0.003866 11.08 12638 957 0.54
Levees 91185   BR D 50yr 82000 763.52 778.46 774.91 779.71 0.003562 8.97 9141 945 0.51

Levees 91140   100yr 140000 763.52 782.14 777.47 783.98 0.002783 10.87 12878 975 0.53
Levees 91140   50yr 82000 763.52 778.45 774.82 779.66 0.002774 8.82 9296 963 0.50

Levees 90500   100yr 140000 760.94 779.35 776.07 781.73 0.004320 12.39 11303 979 0.64
Levees 90500   50yr 82000 760.94 775.80 773.24 777.44 0.004259 10.25 7998 910 0.61

Levees 90000   100yr 140000 759.03 777.15 773.96 779.50 0.004549 12.30 11382 1036 0.65
Levees 90000   50yr 82000 759.03 773.60 771.24 775.26 0.004466 10.33 7940 927 0.62

Levees 89500   100yr 140000 758.06 774.80 771.70 777.23 0.004521 12.50 11197 993 0.66
Levees 89500   50yr 82000 758.06 771.34 768.94 773.03 0.004428 10.41 7874 905 0.62

Levees 89000   100yr 140000 756.10 772.60 769.42 775.01 0.004334 12.45 11248 974 0.65
Levees 89000   50yr 82000 756.10 769.32 766.63 770.90 0.003975 10.08 8137 908 0.59

Levees 88500   100yr 140000 754.12 770.67 767.24 772.93 0.003825 12.08 11693 1015 0.61
Levees 88500   50yr 82000 754.12 767.62 764.55 769.01 0.003396 9.44 8683 950 0.55

Levees 88000   100yr 140000 752.19 768.16 765.86 770.70 0.005189 12.93 11575 1168 0.70
Levees 88000   50yr 82000 752.19 765.50 763.37 767.04 0.004557 10.07 8606 1106 0.62

Levees 87500   100yr 140000 750.31 765.79 763.46 768.01 0.005147 12.34 13162 1456 0.69
Levees 87500   50yr 82000 750.31 763.18 761.31 764.64 0.004957 9.94 9119 1276 0.64

Levees 87000   100yr 140000 748.30 763.34 761.13 765.33 0.004910 11.94 15108 1867 0.67
Levees 87000   50yr 82000 748.30 760.67 758.99 762.04 0.005010 9.81 10104 1569 0.64

Levees 86500   100yr 140000 746.45 762.11 758.39 763.34 0.002577 9.24 18960 2312 0.49
Levees 86500   50yr 82000 746.45 759.39 756.36 760.18 0.002378 7.35 13160 1945 0.45
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HEC-RAS  Plan: TempJul2021BDHS   River: Santa Ana River   Reach: Levees
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Levees 103250  100yr 140000 814.21 830.04 827.31 832.32 0.004369 12.32 12387 1176 0.65
Levees 103250  50yr 82000 814.21 827.29 824.76 828.73 0.003900 9.71 8849 1077 0.58

Levees 103000  100yr 140000 812.88 829.03 826.19 831.23 0.004162 12.15 12898 1247 0.63
Levees 103000  50yr 82000 812.88 826.34 823.59 827.78 0.003716 9.65 8660 991 0.57

Levees 102500  100yr 140000 810.49 825.95 824.28 828.65 0.006297 13.66 11829 1252 0.76
Levees 102500  50yr 82000 810.49 823.31 821.92 825.30 0.006580 11.45 7500 1017 0.74

Levees 102000  100yr 140000 807.38 823.70 821.11 825.81 0.004538 11.85 12767 1281 0.65
Levees 102000  50yr 82000 807.38 820.93 818.89 822.40 0.004644 9.78 8543 1133 0.62

Levees 101500  100yr 140000 806.47 822.25 818.56 823.80 0.003046 10.17 15007 1423 0.54
Levees 101500  50yr 82000 806.47 819.34 816.37 820.42 0.003051 8.35 9968 1219 0.51

Levees 101000  100yr 140000 802.27 820.46 817.19 822.16 0.003492 10.67 14384 1393 0.57
Levees 101000  50yr 82000 802.27 817.53 815.04 818.74 0.003658 8.88 9594 1256 0.56

Levees 100500  100yr 140000 800.72 818.33 815.48 820.23 0.004202 11.27 13332 1316 0.62
Levees 100500  50yr 82000 800.72 815.18 813.32 816.59 0.005038 9.68 8935 1267 0.64

Levees 100000  100yr 140000 797.33 817.00 812.89 818.42 0.002699 9.55 14653 1319 0.51
Levees 100000  50yr 82000 797.33 813.31 810.76 814.41 0.003523 8.42 9741 1290 0.54

Levees 99500   100yr 140000 796.61 816.02 810.63 817.22 0.001938 8.80 15915 1266 0.44
Levees 99500   50yr 82000 796.61 812.06 808.42 812.94 0.002286 7.50 10934 1252 0.45

Levees 99000   100yr 140000 794.56 814.84 809.45 816.17 0.002216 9.26 15120 1246 0.47
Levees 99000   50yr 82000 794.56 810.78 807.12 811.75 0.002428 7.91 10364 1146 0.46

Levees 98750   100yr 140000 793.86 814.43 808.39 815.63 0.001861 8.76 15983 1253 0.43
Levees 98750   50yr 82000 793.86 810.32 806.03 811.17 0.001946 7.38 11105 1154 0.42

Levees 98355.0* 100yr 140000 790.54 813.95 805.92 814.98 0.001244 8.12 17233 1101 0.36
Levees 98355.0* 50yr 82000 790.54 809.90 803.33 810.53 0.001119 6.40 12804 1081 0.33

Levees 98288   BR U 100yr 140000 792.54 812.67 808.91 814.95 0.011020 12.11 11564 907 0.60
Levees 98288   BR U 50yr 82000 792.54 809.03 806.03 810.56 0.009042 9.90 8283 893 0.57

Levees 98288   BR D 100yr 140000 790.88 808.51 806.38 811.52 0.013275 13.92 10059 894 0.73
Levees 98288   BR D 50yr 82000 790.88 805.41 803.59 807.37 0.010970 11.24 7297 886 0.69

Levees 98250   100yr 140000 790.74 809.55 811.36 0.003047 10.79 12972 1058 0.54
Levees 98250   50yr 82000 790.74 806.03 807.25 0.003151 8.85 9270 1049 0.52

Levees 97500   100yr 140000 789.88 806.84 803.12 808.89 0.003489 11.49 12179 1009 0.58
Levees 97500   50yr 82000 789.88 803.20 800.45 804.63 0.003815 9.61 8536 991 0.58

Levees 97060   100yr 140000 788.01 805.76 800.76 807.49 0.002548 10.54 13280 987 0.51
Levees 97060   50yr 82000 788.01 802.08 798.15 803.20 0.002475 8.48 9667 977 0.48

Levees 96968   BR U 100yr 140000 788.01 805.16 801.13 807.29 0.005012 11.71 11955 927 0.57
Levees 96968   BR U 50yr 82000 788.01 801.69 798.40 803.06 0.004181 9.37 8755 917 0.53

Levees 96968   BR D 100yr 140000 787.45 803.80 800.58 806.16 0.005381 12.32 11366 952 0.63
Levees 96968   BR D 50yr 82000 787.45 800.51 797.89 802.04 0.004944 9.95 8244 940 0.59

Levees 96875   100yr 140000 787.45 803.57 805.91 0.004144 12.27 11414 974 0.63
Levees 96875   50yr 82000 787.45 800.24 801.80 0.004216 10.01 8191 962 0.60

Levees 96500   100yr 140000 785.73 802.02 798.84 804.36 0.004089 12.27 11407 965 0.63
Levees 96500   50yr 82000 785.73 798.68 796.15 800.23 0.004118 9.99 8204 951 0.60

Levees 96000   100yr 140000 784.59 800.08 796.69 802.35 0.003890 12.09 11576 965 0.62
Levees 96000   50yr 82000 784.59 796.74 794.02 798.23 0.003846 9.79 8373 951 0.58

Levees 95500   100yr 140000 783.09 798.04 794.80 800.36 0.004030 12.22 11458 965 0.63
Levees 95500   50yr 82000 783.09 794.75 792.14 796.27 0.003967 9.88 8304 953 0.59

Levees 95000   100yr 140000 780.79 795.64 792.92 798.18 0.004664 12.77 10963 963 0.67
Levees 95000   50yr 82000 780.79 792.33 790.24 794.05 0.004904 10.52 7791 951 0.65

Levees 94500   100yr 140000 778.09 793.71 790.33 795.98 0.003881 12.08 11587 964 0.61
Levees 94500   50yr 82000 778.09 790.26 787.66 791.78 0.003986 9.89 8290 951 0.59

Levees 94000   100yr 140000 774.30 792.04 788.11 794.11 0.003368 11.56 12111 966 0.58
Levees 94000   50yr 82000 774.30 788.58 785.44 789.93 0.003292 9.33 8792 953 0.54

Levees 93500   100yr 140000 773.64 789.99 786.64 792.27 0.003938 12.12 11549 965 0.62
Levees 93500   50yr 82000 773.64 786.56 783.98 788.09 0.004043 9.93 8260 951 0.59
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HEC-RAS  Plan: TempJul2021BDHS   River: Santa Ana River   Reach: Levees (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Levees 93100   100yr 140000 769.93 788.67 784.75 790.75 0.003394 11.56 12111 967 0.58
Levees 93100   50yr 82000 769.93 785.23 782.05 786.58 0.003291 9.31 8808 952 0.54

Levees 93000   100yr 140000 770.34 788.13 784.69 790.37 0.003853 12.01 11652 966 0.61
Levees 93000   50yr 82000 770.34 784.72 782.02 786.21 0.003884 9.78 8381 953 0.58

Levees 92900   100yr 140000 769.97 787.67 784.39 789.97 0.004025 12.18 11491 967 0.62
Levees 92900   50yr 82000 769.97 784.25 781.73 785.80 0.004140 9.98 8214 953 0.60

Levees 92800   100yr 140000 770.12 787.19 784.08 789.56 0.004193 12.35 11338 967 0.64
Levees 92800   50yr 82000 770.12 783.75 781.41 785.37 0.004430 10.20 8039 953 0.62

Levees 92500   100yr 140000 769.46 785.96 782.75 788.30 0.004100 12.26 11415 966 0.63
Levees 92500   50yr 82000 769.46 782.38 780.08 784.02 0.004543 10.28 7975 951 0.63

Levees 92000   100yr 140000 769.06 784.44 780.22 786.42 0.003110 11.28 12411 969 0.56
Levees 92000   50yr 82000 769.06 780.64 777.53 782.00 0.003332 9.37 8756 953 0.54

Levees 91900   100yr 140000 767.60 784.17 779.77 786.10 0.002994 11.14 12566 972 0.55
Levees 91900   50yr 82000 767.60 780.34 777.09 781.66 0.003172 9.23 8886 954 0.53

Levees 91800   100yr 140000 764.88 784.00 779.03 785.77 0.002587 10.66 13128 971 0.51
Levees 91800   50yr 82000 764.88 780.16 776.36 781.33 0.002618 8.70 9421 955 0.49

Levees 91700   100yr 140000 763.15 783.73 778.79 785.51 0.002619 10.70 13082 971 0.51
Levees 91700   50yr 82000 763.15 779.88 776.12 781.07 0.002662 8.75 9374 955 0.49

Levees 91600   100yr 140000 762.33 783.46 778.50 785.25 0.002620 10.71 13073 970 0.51
Levees 91600   50yr 82000 762.33 779.61 775.83 780.80 0.002676 8.76 9360 955 0.49

Levees 91230   100yr 140000 763.35 782.97 776.19 784.35 0.001729 9.42 14869 981 0.43
Levees 91230   50yr 82000 763.35 779.12 773.49 779.96 0.001522 7.37 11128 965 0.38

Levees 91185   BR U 100yr 140000 763.35 782.69 776.55 784.29 0.003191 10.15 13797 926 0.46
Levees 91185   BR U 50yr 82000 763.35 778.95 773.78 779.92 0.002505 7.89 10388 913 0.41

Levees 91185   BR D 100yr 140000 763.52 782.14 777.57 784.04 0.003866 11.08 12638 957 0.54
Levees 91185   BR D 50yr 82000 763.52 778.46 774.91 779.71 0.003562 8.97 9141 945 0.51

Levees 91140   100yr 140000 763.52 782.14 783.98 0.002783 10.87 12878 975 0.53
Levees 91140   50yr 82000 763.52 778.45 779.66 0.002774 8.82 9296 963 0.50

Levees 90500   100yr 140000 760.94 779.35 776.07 781.73 0.004320 12.39 11303 979 0.64
Levees 90500   50yr 82000 760.94 775.80 773.24 777.44 0.004259 10.25 7998 910 0.61

Levees 90000   100yr 140000 759.03 777.15 773.96 779.50 0.004549 12.30 11382 1036 0.65
Levees 90000   50yr 82000 759.03 773.60 771.24 775.26 0.004466 10.33 7940 927 0.62

Levees 89500   100yr 140000 758.06 774.80 771.70 777.23 0.004521 12.50 11197 993 0.66
Levees 89500   50yr 82000 758.06 771.34 768.94 773.03 0.004428 10.41 7874 905 0.62

Levees 89000   100yr 140000 756.10 772.60 769.42 775.01 0.004334 12.45 11248 974 0.65
Levees 89000   50yr 82000 756.10 769.32 766.63 770.90 0.003975 10.08 8137 908 0.59

Levees 88500   100yr 140000 754.12 770.67 767.24 772.93 0.003825 12.08 11693 1015 0.61
Levees 88500   50yr 82000 754.12 767.62 764.55 769.01 0.003396 9.44 8683 950 0.55

Levees 88000   100yr 140000 752.19 768.16 765.86 770.70 0.005189 12.93 11575 1168 0.70
Levees 88000   50yr 82000 752.19 765.50 763.37 767.04 0.004557 10.07 8606 1106 0.62

Levees 87500   100yr 140000 750.31 765.79 763.46 768.01 0.005147 12.34 13162 1456 0.69
Levees 87500   50yr 82000 750.31 763.18 761.31 764.64 0.004957 9.94 9119 1276 0.64

Levees 87000   100yr 140000 748.30 763.34 761.13 765.33 0.004910 11.94 15108 1867 0.67
Levees 87000   50yr 82000 748.30 760.67 758.99 762.04 0.005010 9.81 10104 1569 0.64

Levees 86500   100yr 140000 746.45 762.11 758.39 763.34 0.002577 9.24 18960 2312 0.49
Levees 86500   50yr 82000 746.45 759.39 756.36 760.18 0.002378 7.35 13160 1945 0.45
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HEC-RAS  Plan: PropAlt1FutureQs   River: Santa Ana River   Reach: Levees
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Levees 103250  100yr 140000 814.21 830.04 827.31 832.32 0.004369 12.32 12387 1176 0.65
Levees 103250  50yr 82000 814.21 827.05 824.77 828.54 0.004208 9.90 8895 1156 0.60

Levees 103000  100yr 140000 812.88 829.03 826.19 831.23 0.004162 12.15 12898 1247 0.63
Levees 103000  50yr 82000 812.88 826.08 823.62 827.50 0.003912 9.71 9248 1221 0.58

Levees 102500  100yr 140000 810.49 825.94 824.28 828.64 0.006308 13.66 11823 1252 0.76
Levees 102500  50yr 82000 810.49 823.22 821.77 825.02 0.006278 11.10 8435 1231 0.72

Levees 102000  100yr 140000 807.38 823.68 821.11 825.80 0.004570 11.88 12739 1281 0.65
Levees 102000  50yr 82000 807.38 820.82 818.82 822.23 0.004611 9.66 9102 1257 0.62

Levees 101500  100yr 140000 806.47 822.21 818.56 823.77 0.003087 10.21 14945 1423 0.54
Levees 101500  50yr 82000 806.47 819.24 816.35 820.27 0.003018 8.24 10739 1411 0.51

Levees 101000  100yr 140000 802.27 820.36 817.19 822.09 0.003609 10.78 14238 1392 0.58
Levees 101000  50yr 82000 802.27 817.49 814.98 818.63 0.003538 8.70 10264 1382 0.55

Levees 100500  100yr 140000 800.72 817.93 815.48 819.99 0.004799 11.73 12805 1315 0.66
Levees 100500  50yr 82000 800.72 815.10 813.28 816.50 0.005090 9.66 9096 1308 0.64

Levees 100000  100yr 140000 797.33 816.19 812.89 817.84 0.003466 10.31 13580 1316 0.57
Levees 100000  50yr 82000 797.33 813.03 810.75 814.20 0.003942 8.69 9442 1304 0.57

Levees 99500   100yr 140000 796.61 814.78 810.63 816.26 0.002724 9.76 14348 1261 0.51
Levees 99500   50yr 82000 796.61 811.47 808.42 812.48 0.002878 8.04 10197 1250 0.50

Levees 99000   100yr 140000 794.56 812.70 809.45 814.63 0.003750 11.13 12575 1153 0.59
Levees 99000   50yr 82000 794.56 809.30 807.12 810.69 0.004360 9.45 8678 1141 0.60

Levees 98750   100yr 140000 793.86 811.86 808.39 813.70 0.003484 10.87 12885 1160 0.57
Levees 98750   50yr 82000 793.86 808.21 806.03 809.59 0.004389 9.46 8672 1145 0.61

Levees 98355.0* 100yr 140000 790.54 810.87 805.92 812.46 0.002520 10.10 13862 1086 0.50
Levees 98355.0* 50yr 82000 790.54 807.09 803.33 808.18 0.002644 8.37 9792 1054 0.48

Levees 98288   BR U 100yr 140000 790.54 810.33 806.27 812.31 0.004666 11.27 12418 1007 0.57
Levees 98288   BR U 50yr 82000 790.54 806.74 803.62 808.08 0.004332 9.28 8841 968 0.54

Levees 98288   BR D 100yr 140000 790.88 809.36 805.68 811.40 0.004467 11.46 12218 1014 0.58
Levees 98288   BR D 50yr 82000 790.88 805.93 803.13 807.29 0.004317 9.37 8754 1005 0.56

Levees 98250   100yr 140000 790.74 809.55 811.36 0.003047 10.79 12972 1058 0.54
Levees 98250   50yr 82000 790.74 806.03 807.25 0.003151 8.85 9270 1049 0.52

Levees 97500   100yr 140000 789.88 806.84 803.12 808.89 0.003489 11.49 12179 1009 0.58
Levees 97500   50yr 82000 789.88 803.20 800.45 804.63 0.003815 9.61 8536 991 0.58

Levees 97060   100yr 140000 788.01 805.76 800.76 807.49 0.002548 10.54 13280 987 0.51
Levees 97060   50yr 82000 788.01 802.08 798.15 803.20 0.002475 8.48 9667 977 0.48

Levees 96968   BR U 100yr 140000 788.01 805.16 801.13 807.29 0.005012 11.71 11955 927 0.57
Levees 96968   BR U 50yr 82000 788.01 801.69 798.40 803.06 0.004181 9.37 8755 917 0.53

Levees 96968   BR D 100yr 140000 787.45 803.80 800.58 806.16 0.005381 12.32 11366 952 0.63
Levees 96968   BR D 50yr 82000 787.45 800.51 797.89 802.04 0.004944 9.95 8244 940 0.59

Levees 96875   100yr 140000 787.45 803.57 805.91 0.004144 12.27 11414 974 0.63
Levees 96875   50yr 82000 787.45 800.24 801.80 0.004216 10.01 8191 962 0.60

Levees 96500   100yr 140000 785.73 802.02 798.84 804.36 0.004089 12.27 11407 965 0.63
Levees 96500   50yr 82000 785.73 798.68 796.15 800.23 0.004118 9.99 8204 951 0.60

Levees 96000   100yr 140000 784.59 800.08 796.69 802.35 0.003890 12.09 11576 965 0.62
Levees 96000   50yr 82000 784.59 796.74 794.02 798.23 0.003846 9.79 8373 951 0.58

Levees 95500   100yr 140000 783.09 798.04 794.80 800.36 0.004030 12.22 11458 965 0.63
Levees 95500   50yr 82000 783.09 794.75 792.14 796.27 0.003967 9.88 8304 953 0.59

Levees 95000   100yr 140000 780.79 795.64 792.92 798.18 0.004664 12.77 10963 963 0.67
Levees 95000   50yr 82000 780.79 792.33 790.24 794.05 0.004904 10.52 7791 951 0.65

Levees 94500   100yr 140000 778.09 793.71 790.33 795.98 0.003881 12.08 11587 964 0.61
Levees 94500   50yr 82000 778.09 790.26 787.66 791.78 0.003986 9.89 8290 951 0.59

Levees 94000   100yr 140000 774.30 792.04 788.11 794.11 0.003368 11.56 12111 966 0.58
Levees 94000   50yr 82000 774.30 788.58 785.44 789.93 0.003292 9.33 8792 953 0.54

Levees 93500   100yr 140000 773.64 789.99 786.64 792.27 0.003938 12.12 11549 965 0.62
Levees 93500   50yr 82000 773.64 786.56 783.98 788.09 0.004043 9.93 8260 951 0.59
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HEC-RAS  Plan: PropAlt1FutureQs   River: Santa Ana River   Reach: Levees (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Levees 93100   100yr 140000 769.93 788.67 784.75 790.75 0.003394 11.56 12111 967 0.58
Levees 93100   50yr 82000 769.93 785.23 782.05 786.58 0.003291 9.31 8808 952 0.54

Levees 93000   100yr 140000 770.34 788.13 784.69 790.37 0.003853 12.01 11652 966 0.61
Levees 93000   50yr 82000 770.34 784.72 782.02 786.21 0.003884 9.78 8381 953 0.58

Levees 92900   100yr 140000 769.97 787.67 784.39 789.97 0.004025 12.18 11491 967 0.62
Levees 92900   50yr 82000 769.97 784.25 781.73 785.80 0.004140 9.98 8214 953 0.60

Levees 92800   100yr 140000 770.12 787.19 784.08 789.56 0.004193 12.35 11338 967 0.64
Levees 92800   50yr 82000 770.12 783.75 781.41 785.37 0.004430 10.20 8039 953 0.62

Levees 92500   100yr 140000 769.46 785.96 782.75 788.30 0.004100 12.26 11415 966 0.63
Levees 92500   50yr 82000 769.46 782.38 780.08 784.02 0.004543 10.28 7975 951 0.63

Levees 92000   100yr 140000 769.06 784.44 780.22 786.42 0.003110 11.28 12411 969 0.56
Levees 92000   50yr 82000 769.06 780.64 777.53 782.00 0.003332 9.37 8756 953 0.54

Levees 91900   100yr 140000 767.60 784.17 779.77 786.10 0.002994 11.14 12566 972 0.55
Levees 91900   50yr 82000 767.60 780.34 777.09 781.66 0.003172 9.23 8886 954 0.53

Levees 91800   100yr 140000 764.88 784.00 779.03 785.77 0.002587 10.66 13128 971 0.51
Levees 91800   50yr 82000 764.88 780.16 776.36 781.33 0.002618 8.70 9421 955 0.49

Levees 91700   100yr 140000 763.15 783.73 778.79 785.51 0.002619 10.70 13082 971 0.51
Levees 91700   50yr 82000 763.15 779.88 776.12 781.07 0.002662 8.75 9374 955 0.49

Levees 91600   100yr 140000 762.33 783.46 778.50 785.25 0.002620 10.71 13073 970 0.51
Levees 91600   50yr 82000 762.33 779.61 775.83 780.80 0.002676 8.76 9360 955 0.49

Levees 91230   100yr 140000 763.35 782.97 776.18 784.35 0.001729 9.42 14869 981 0.43
Levees 91230   50yr 82000 763.35 779.12 773.49 779.96 0.001522 7.37 11128 965 0.38

Levees 91185   BR U 100yr 140000 763.35 782.69 776.55 784.29 0.003191 10.15 13797 926 0.46
Levees 91185   BR U 50yr 82000 763.35 778.95 773.78 779.92 0.002505 7.89 10388 913 0.41

Levees 91185   BR D 100yr 140000 763.52 782.14 777.57 784.04 0.003866 11.08 12638 957 0.54
Levees 91185   BR D 50yr 82000 763.52 778.46 774.91 779.71 0.003562 8.97 9141 945 0.51

Levees 91140   100yr 140000 763.52 782.14 783.98 0.002783 10.87 12878 975 0.53
Levees 91140   50yr 82000 763.52 778.45 779.66 0.002774 8.82 9296 963 0.50

Levees 90500   100yr 140000 760.94 779.35 776.07 781.73 0.004320 12.39 11303 979 0.64
Levees 90500   50yr 82000 760.94 775.80 773.24 777.44 0.004259 10.25 7998 910 0.61

Levees 90000   100yr 140000 759.03 777.15 773.96 779.50 0.004549 12.30 11382 1036 0.65
Levees 90000   50yr 82000 759.03 773.60 771.24 775.26 0.004466 10.33 7940 927 0.62

Levees 89500   100yr 140000 758.06 774.80 771.70 777.23 0.004521 12.50 11197 993 0.66
Levees 89500   50yr 82000 758.06 771.34 768.94 773.03 0.004429 10.41 7873 905 0.62

Levees 89000   100yr 140000 756.10 772.60 769.42 775.01 0.004335 12.45 11247 974 0.65
Levees 89000   50yr 82000 756.10 769.32 766.63 770.90 0.003978 10.08 8135 908 0.59

Levees 88500   100yr 140000 754.12 770.67 767.24 772.93 0.003825 12.08 11692 1015 0.61
Levees 88500   50yr 82000 754.12 767.62 764.55 769.01 0.003403 9.45 8679 950 0.55

Levees 88000   100yr 140000 752.19 768.15 765.86 770.70 0.005192 12.94 11573 1168 0.70
Levees 88000   50yr 82000 752.19 765.48 763.37 767.03 0.004608 10.10 8576 1106 0.63

Levees 87500   100yr 140000 750.31 765.78 763.46 768.01 0.005165 12.36 13147 1456 0.69
Levees 87500   50yr 82000 750.31 763.15 761.37 764.60 0.004980 9.93 9371 1383 0.64

Levees 87000   100yr 140000 748.30 763.28 761.13 765.30 0.005019 12.02 14996 1866 0.68
Levees 87000   50yr 82000 748.30 760.54 759.03 761.94 0.005248 9.92 10198 1663 0.66

Levees 86500   100yr 140000 746.45 761.99 758.39 763.25 0.002686 9.36 18673 2311 0.50
Levees 86500   50yr 82000 746.45 759.00 756.36 759.88 0.002822 7.75 12403 1937 0.49
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APPENDIX H 
 

Contraction Scour Fall Velocity 

  

SU
PP

LE
M

EN
TA

L 
PR

O
JE

C
T 

IN
FO

R
M

AT
IO

N
, B

R
ID

G
E 

D
ES

IG
N

 H
YD

R
AU

LI
C

 R
EP

O
R

T,
 P

g.
 9

1 
of

 1
07



6.11

correctly account for the increase in transport that will occur as the result of the bed
planing out (which decreases resistance to flow, increases the velocity and the transport 
of bed material at the bridge).  That is, Laursen's equation indicates a decrease in scour 
for this case, whereas in reality, there would be an increase in scour depth.  In addition, 
at flood flows, a plane bedform will usually exist upstream and through the bridge 
waterway, and the values of Manning n will be equal. Consequently, the n value ratio is 
not recommended or presented in Equation 6.2.

4. W1 and W2 are not always easily defined.  In some cases, it is acceptable to use the
topwidth of the main channel to define these widths.  Whether topwidth or bottom width is
used, it is important to be consistent so that W1 and W2 refer to either bottom widths or
top widths.

Figure 6.8.  Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.

5. The average width of the bridge opening (W2) is normally taken as the bottom width, with
the width of the piers subtracted.

6. Laursen's equation will overestimate the depth of scour at the bridge if the bridge is
located at the upstream end of a natural contraction or if the contraction is the result of
the bridge abutments and piers.  At this time, however, it is the best equation available.

7. In sand channel streams where the contraction scour hole is filled in on the falling stage,
the y0 depth may be approximated by y1.  Sketches or surveys through the bridge can
help in determining the existing bed elevation.

8. Scour depths with live-bed contraction scour may be limited by coarse sediments
in the bed material armoring the bed.  Where coarse sediments are present, it is
recommended that scour depths be calculated for live-bed scour conditions using
the clear-water scour equation (given in the next section) in addition to the live-bed
equation, and that the smaller calculated scour depth be used.

Avg
D50=0.38mm=0.0012ft
T=0.054 m/s=0.177ft/s
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APPENDIX I 

Grain Size Distribution Graphs 
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APPENDIX J 

Scour Analysis 
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Contraction Scour
Left Channel Right

Input Data
Average Depth (ft): 11.11
Approach Velocity (ft/s): 10.87
Br Average Depth (ft): 12.33
BR Opening Flow (cfs): 140000.00
BR Top WD (ft): 1007.41
Grain Size D50 (mm): 0.38
Approach Flow (cfs): 140000.00
Approach Top WD (ft): 1159.79
K1 Coefficient: 0.690

Results
Scour Depth Ys (ft): 0.00
Critical Velocity (ft/s): 1.80
Equation: Live

Pier Scour
Pier: #1 (CL = -412.14)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.60000
Depth Upstream (ft): 11.08
Velocity Upstream (ft/s): 8.52
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 10.98
Froude #: 0.45
Equation: CSU equation

Pier: #2 (CL = -282.14)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.32000
Depth Upstream (ft): 9.91
Velocity Upstream (ft/s): 8.99
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 11.07
Froude #: 0.50
Equation: CSU equation
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Pier: #3 (CL = -152.14)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.80000
Depth Upstream (ft): 10.89
Velocity Upstream (ft/s): 8.99
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 11.21
Froude #: 0.48
Equation: CSU equation

Pier: #4 (CL = -6.14)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.70000
Depth Upstream (ft): 12.88
Velocity Upstream (ft/s): 9.84
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 11.92
Froude #: 0.48
Equation: CSU equation

Pier: #5 (CL = 139.86)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.28000
Depth Upstream (ft): 13.33
Velocity Upstream (ft/s): 12.02
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 13.05
Froude #: 0.58
Equation: CSU equation
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Pier: #6 (CL = 285.86)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.13000
Depth Upstream (ft): 15.55
Velocity Upstream (ft/s): 12.02
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 13.20
Froude #: 0.54
Equation: CSU equation
Pier Scour Limited to Maximum of Ys = 2.4 * a

Pier: #7 (CL = 415.86)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.08000
Depth Upstream (ft): 14.37
Velocity Upstream (ft/s): 9.73
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 12.04
Froude #: 0.45
Equation: CSU equation

Pier: #8 (CL = 545.86)
    Input Data

Pier Shape: Round nose
Pier Width (ft): 5.50
Grain Size D50 (mm): 0.12000
Depth Upstream (ft): 6.89
Velocity Upstream (ft/s): 9.73
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (ft): 88.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm):
K4 Armouring Coef: 1.00

    Results
Scour Depth Ys (ft): 10.90
Froude #: 0.65
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Equation: CSU equation
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