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EXECUTIVE SUMMARY

This study presents the hydrologic and hydraulic assessment for the proposed United States Route 50
Bridges over Weber Creek in El Dorado County, Califomia. The existing parallel bridge structures
(Bridge Number 25-0005 R/L) are located approximately 0.65 kilometers northeast of the Missouri Flat
Road Interchange in El Dorado County and are approximately 3.81 kilometers upstream of the confluence
of Weber Creek with Hangtown Creek. The Project is needed to accommodate the proposed expansion of
US Route 50 (US 50) between the Missouri Flat Road (MFRD) Interchange and the Forni Road
Interchange.

This shrdy only analyzes the hydraulics of the existing parallel bridges over Weber Creek and the
proposed improvements. The study does not include an older County bridge, located approximately 20
meters upstream from the studied US 50 bridges. The County bridge is not included in the study, as no
information is available for the bridge and it is outside of the Project scope.

US 50 is a major transportation conidor in El Dorado County ftom El Dorado Hills through the City of
Placerville and to South Lake Tahoe. The Project proposes to widen the existing parallel bridges by
approxirnately 5.8 m outward to become three lane bridges in both directions; this design will align with
the proposed US Route 50 support lines. The expansion of the bridges will greatly improve the current
operation of the existing two-lane bridges. This hydraulic analysis confonns to the Caltrans hydraulic
standard design criteria for bridges, namely that they pass the 5O-year flood flow with 0.61 m of freeboard
and pass the 100-year flood flow with no freeboard.

The proposed bridges considered in this Design Hydraulic Study Report are four-span composite steel
welded girders with reinforced concrete decks.

The water surface elevations and flow velocities in Tables El and E2 are at the modeled cross-sections at
the upstream face of both the Eastbound and Westbound bridges over Weber Creek. The downstream
controlling water surface elevation is based on the 100-year flood elevation, per the Federal Emergeuoy
Management Agency (FEMA) Flood Insurance Study (FIS).

Table E1. Ilydraulic Summary at Upstream Face ofthe US Route 50 Eastbourd Bridge
Design llow Design Flow Bridges Soffrt Elevation Water Surface Velocity

Retum Period (mr/s) (est.) (m) Elevation (m) (rnls)

I
I
I
t
t
I
I

100-year
50-year

501.50 - 505.43
501.50 - 505.43

209
176

470.73
470.39 3.03

Table E2. Hydraulic Summary at Upstream Face ofthe US Route 50 Westbound Bridce
Design Flow Design Flow Bridges Soffit Elevation Water Surface Velocity
Retum Period (rnils) (est.) (m) Elevation (m) (nrls)

209
176I

I
I
l
I

100-year
50-year

s0r.49 - 505.23
501.49 - 505.23

470.35
470.00

3.63
3.43

The results of the modeled cross-sections show that the proposed bridge design meets the Caltrans
hydraulic design criteria.

A total of six piers and four abufnents will be constructed for both bridges. Scour analysis was
performed only at Piers 3R (eastbound) and 3L (westbound), as these are the only piers that come into
contact with the Weber Creek water surface. The scour analysis follows the Federal Highway
Administration (FHWA) recommended methodology, as described in the HEC-18 Manual. Tables E3
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and E4 summarize the estimated potential total scour depth at Pier 3R and Pier 3L during the 100-year
event.

I Table E3. Potential Scour at Pier3R (eastbound bridge)
Location Long-term Bed Contraction Local Scour Total Scour

Change Scour (m) (m) Depth (m)
Negligible 0.41 13.35 N/A

Table E4. Potential Scour at Pier 3L (westbound bridge)
Location Long-term Bed Contraction Local Scour Total Scour

Change Scour (m) (m) Deoth (m)
Negligible 1.94 13.73 N/A

I The calculated total scour depths exceed the depth of erodible overburden, indicating that during the

I desiSn event, the design flow will scour the soil to the elevation of bedrock. Because of this, it is
recommended that the foundation ofthe bridges be embedded into bedrock to a sufficient depth in order
to ensure structural stability.

I
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Background:

Project Location:

Key Tasks:

Design Standards:

I. INTRODUCTION

El Dorado County is proposing to widen US Route 50 between the Missouri
Flat Road Interchange and the Forni Road Interchange. The widening Project is
primarily designed to improve access between rural areas and the City of
Placerville. There are two existing parallel bridges @ridge No. 25-0005 R/L)
that are located within this portion of US 50 that allow for travel over Weber
Creek and will be widened as part of the US 50 expansion project. The
widening of the bridges will be designed by Quincy Engineering, Inc.

Weber Creek is tributary to the South Fork of the American River. The
confluences of Weber Creek with Hangtown Creek and South Fork American
River Creek are approximately 3.8 km and 21.8 km downsheam (respectively)
of the US 50 crossing. The Creek drains portions of the Towns of Diamond
Springs, Tiger Lily, Newtown, Motor City, Camino, Pollock Pines, Five Mile
Terrace and portions ofthe City of Placerville.

The purpose of this study is to provide hydrologic and hydraulic data for the
design of US Route 50 Bridges over Weber Creek in El Dorado County.

The Project location is approximately 4 km southwesi. along US 50, from the
City of Placerville, El Dorado County, Califomia. The proposed bridges are
located along US 50, approximately 0.7 krn northeast of the Missouri Flat Road
Interchange. See Figure 1 for the Project Location Map, Figure 2 for the
Project Vicinity Map, and Photo 1 for the US Route 50 Bridges over Weber
Creek.

The key tasks performed for the Project include: l) a HEC-HMS hydrologic
analysis of the watershed to determine design flows, 2) a hydraulic analysis to
determine the water surface elevations and flow velocities at the Project site,
and 3) a scour analysis to determine potential scour depths and
countermeasures.

The design shall meet the standards set forth in the Cross Drainage chapter of
the June 2006 Caltrans Highway Design Manual (Chapter 820, Index 821.3).
The Design Storm Frequency for Bridges shall be a 5O-year storm with a
minimum 0.61 m freeboard and a 100-year storm with no freeboard.

Bridge Desigr Hydraulic Shrdy
US Route 50 Bridges over Weber Creek
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The confluence of
Weber Creek with
Hangtown Creek

US Route 50
Bridges over
Weber Creek

Source: USGS TOPO
Figure 1. Project Location Map
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US Route 50
Bridges over
Weber Creek

Source: Google
Figure 2. Project Vicinity Map
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Geographic
Location:

Watershed Size:

ReceiYing Waters:

Precipitation:

Land Use:

Vegetation:

il. DESCRIPTIONOFWATERSHED

The Project is located in the Web€r Creek Watershed (see Figure 3). Weber
Creek begins approximately 27.9 kilometers upstream of the Project sit€ and
drains a segment of the w€stem slopes of the Siena foothills. The highest point
in the watershed is at an elevation of 1,300 m and the elevation ofthe channel is
approximately 465 m at the Project site.

The watershed area is approximately 89.7 square kilometers.

Weber Creek begins at the confluence of the North and South Weber Creeks and
flows west, merging with the South Fork American River. The South Fork
American River flows south to Folsom Lake which outfalls to the American
River, joining the Sacramento River. The Sacramento River continues
southwest into the San Francisco Bay and Pacific Ocean.

The mean annual precipitation at the Project site is approximately 850 mm
based on 1961-1990 Average Annual Precipitation, California map, using
Prisms Climate Modeling System (Spatial Climale Analysis Service of Oregon
State University) and the table of Califurnia Annual Precipitation Summary
(lVestem Regional Climate Center).

An examination of aerial satellite images ftom Google Earth shows the
watershed of Weber Creek at and aror.md the Project site as primarily open
space, with some areas ofagricultural, residential and commercial land uses.

The portion of Weber Creek upstream ofthe Project site is at a higher elevation
watershed. The area is well covered with various prasses and chanarral
vegemuon.

Bridge Design Hydraulic Study
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I lII. DESCRIPTIoN oF STREAMAND SITB

I Weber Creek: At the Project site, Weber Creek occupies a well-defined channel with grassy
I side slopes. The total channel width under the bridges from Abutment I to

Abutment 5 is confined to an approximately 170 m wide channel.

t Soil and Bed Taber Consultants, the geotechnical engineer for the Project, was responsible
Material: for the soil test borings. The Log of Test Borings (Taber Consultants) show

I the bed material at the crossing as brown clay to coarse gravel and cobble with
I fine to coarse sand and silt.

I Proposed Action: The proposed action is to widen the existing bridges, adding a tertiary lane in

I i:jljfffrt:jt;fid 
western directions to conform the proposed widening

f Existing Bridges: - 
A concise description of the existing US 50 Bridges over Weber Creek is

r shown below.

Type: Steel plate girder bridges

r ffl*Ht, 3HJ:,:'l:T,oo*
Span: -167.84 m (42.164 m,41.758 m, 41.758 m and

a Deckerev.: i3;iifiliirliT"tionorroadwav)
Soffit elev.: 501.49 - 505.43

I See Photo 1 for view ofthe bridges.

I Proposed Bridge 1 Type: Composite welded steel girders with reinforced
I (Eastbound): concrete deck

Pier Bents: Cast concrete piers
Abutments: Concrete Seat

! Span: -167.84 m
Deck elev.: 504.20 - 508.14
Soffit elev.: 501.50 - 505.43

I See Appendix D for a detailed schematic ofthe proposed Alternative Bridges.

I Proposed Bridge 2 Type: Composite welded steel girders with reinforced
t (Westbound): concrete deck

Pier Bents: Cast concrete piers
' Abutments: Concrete Seat

t 311il",""., ilo1'i3o-\or.no
Soffit elev.: 501.49 - 505.23

t See Appendix D for detailed schematic ofthe proposed Alternative Bridges.

T
I
I 
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Source: Google Earth

Photo 1. Aerial View of the US Route 50 Bridges over Weber Creek
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IV. HYDROLOGY

Hydrologic There have been no significant changes in basin hydrology in recent years. Most of the
Stability: watershed is located primarily in a rural setting with open space.

Hyd rologic
Analysis
Tool:

Hydrologic
Data

Although Caltrans' Highway Design Manual indicates that the Rational Method is to be
used for hydrologic calculations, the size of the watershed is 89.7 square kilometers.
Watershed of this size can not be accurately modeled by the Rational Method. As such a
hydrograph transform method was applied using the U.S. Army Corps of Engineers'
IIEC-HMS computer program (Version 3.1.0). The HEC-HMS hydrologic analysis of
the Weber Creek watershed at the proposed bridges crossing included the use of the
NRCS Transform Method with NRCS Curve Number loss calculations. The hydrologic
model considered the limited firture land use chanses for this Proiect.

24-hour storm hydrographs for the various storm frequencies were developed by HEC-
HMS based on the NRCS Hypothetical Storm Type 1,A. Return period rainfall depths (2-
year,5-year, l0-year, 25-year, 50-year, and 100-year) were obtained from the National
Oceanic and Atmospheric Administration's Isopluvial maps (Appendix A). Table 1 and
Figure 4 show the isopluvial data.

Table 1.24-H Stoour storm
Recunrnce

Interval (years)
2

Depth ofRainfall (mm)

889
5 1219
l 0 1397
z> l65 l
50 t727
100 1905
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Figure 4. Isopluvial Data
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Curwe
Number

Design
Flows:

The NRCS runoff Curve Numbers are used to sharacterize the volume of rainfall that will
be lost to infiltration, abstraction and transpiration. The Curve Numbers reflect the land
use, vegetation, treatnent, hydrologic condition, and antecedent soil condition. The Curve
Number used in the hydrologic analysis ofthe Project watershed is based on the National
Resource Conservation Servicels El Dorado County Soil Suntey (see Appendix A). The
soil composition is a mixture of clayey silt and clayey sand with gravel. Based on the
geologic descriptions of the various soils and study of the watershed, the SCS curve
number was estimated as 3.7, representing contoured open space ofhydrologic soil group C
in fair hydrologic condition.

Based on the soil class and land use ofthe watershed. the initial abstraction is estimated at
5 mm of precipitation. The percentage impervious is estimated as 0.1%.

Based on the I{EC-HMS hydrologic model of the Weber Creek watershed at US Route 50,
the 24-hr design hydrographs are shown in Figure 5.

Weber Creek at US Route 50 Design Storm Hydrograph

250

^ 200
o

=
!q 150

E roo
'6

o 5 0

0

Figure 5. Design Storm Hydrograph
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I Design

Tool:

Cross-
section
Data:

Manning's
' n ' :

Expansion
and
Contraction
Coefficients:

High Water
Elevations:

V. HYDRAULIC ANALYSIS

The hydraulic analysis for Weber Creek involved a standard step backwater calculation
using the U.S. Army Corps of Engineers' HEC-RAS computer program (Version 3.1.3)
to provide flow characteristics.

A total of eleven cross-sections, distributed over an approximately 200 m reach of the
Weber Creek were used in the hydraulic analyses (Figure 6 shows the location of cross
sections) and cross-section data were obtained by using topographic survey data.

Manning's 'n' values are used in the hydraulic model to estimate enerry losses in the
flow due to friction. The Manning's 'n' value for the main channel was 0.04. For the
left and right overbanks, a Manning's 'n' value of 0.075 was used. These Manning's 'n'

values were selected to best describe the friction characteristics of the existins and
proposed site under design storm conditions.

Expansion and contraction coefficients used to represent the channel upstream and
downstream ofthe bridges were 0.3 and 0.l, respectively. These values describe a creek
with gradual transitions between cross-sections. The expansion and contraction
coefficients used in the vicinity of the bridges were 0.5 and 0.3, respectively. These
values were used because the abutments of the bridses are located within the channel
bed.

The calculated water surface elevations for the peak discharge of the design storms for
the proposed bridges are listed in Table 2.

Table 2. Calculated Water Surface Elevations

I

soffit Elev.
(m)

Existing Proposed
Condition Condition

(m) (m)

I
I
l ,
I
I
I
I
I
I
I
I
t
I
I
I

Eastbound (Upstream Face)
100 year Storm Event
50 year Storm Event

Westbound (Upstrearn Face)

501.50 - 505.43
501.50 - 505.43

470.68
470.35

470.73
470.39

100 year Storm Event
50 year Storm Event

501.49 - 505.23
501 .49 - 505.23

470.35
470.00

470.35
470.00

The hydraulic analysis indicates that in the proposed condition the water surface
elevations at the upstream face of the eastbound bridge will be slightly higher than the
upstream face of the westbound bridge during both the 100-year and 5O-year events.
The Project topographic data indicates a slight reverse slope at the eastbound bridge , but
the general trend of channel within the analyzed reach is to slope downstream at
approximately 0.60lo.

The proposed bridges allow for passage of the design flows under the sofflt with
minimal backwater impact. The bridges also meet the FHWA/Caltrans design criteria
for passing the 100-year flood with no freeboard. Figure 7 shows the water surface
profiles for the design storm events at the bridge site.
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I
I Flow A comparison of the existing and proposed conditions at t}re upstr€am face of the

I Velocities: eastbound and westbound bridges is shown in Table 3.

Table 3. Flow Velocities in the Channel at the Upstream Face ofthe Bridges
DesignFlow Existing Proposed

(rn A) V(r/s) V(m/s)

Eastbound
100 yr
50 yr

Westbound

zo9 3.28 3.23
176 3.07 3.03

I
I
I
t
I
t
I
I
t
!
I
I
I
I
I

100 'r
50 yr

209 3.63 3.63
176 3.43 3.43

The small changes in velocity suggests that the overall change in flow characteristics
during the design storm events will be negligible compared to the flow of the
channel in its existins condition.
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Design
Methodology:

Foundation
Plan:

Existing
Channel Bed:

Long-term
Bed Change:

Contraction
Scour:

VI. SCOURANALYSIS

Local scour at the piers was evaluated using the methodologr described in the Federal
Highway Administration Manual F{EC-18, Evaluating Scour at Bridges (Fourth
Edition). The minimum design criterion for bridge scour is the 100-year flood. The
scour analysis is based on hydraulic data taken from the HEC-RAS (Version 3.1.3)
analysis ofthe bridges site with a 4.9" skew angle.

The Foundation Plan was prepared by Quincy Engineering Inc., (Appendix D). The
Pier dimensions are similar for both the east and west bound bridges with a width of
2.15 m and a length of 4.35 m. Local scour analysis was performed only at Pier 3L
and 3R as the other piers will not be immersed during the design storm events.

The bed material is brown clay to coarse gravel and cobble with fine to coarse sand
and silt (described in Taber Consultant's Geotechnical Report). Eight logs of test
borings were performed at the Project site: Information for boring 05-40 was obtained
downstream of the existing eastbound bridge near the Abutment 5R. Information for
05-10 and 05-11 was obtained near Pier 2R and Pier 2L. Information for 05-09 and
05-08 was obtained near Pier 3R and 3L. Information for 05-06 and 05-07 was
obtained near Pier 4R and Pier 4L. The results indicated that the channel bed is
composed of about 1.83 m of soil on the top of bedrock. Soil in the bed channel is
loose to medium dense, brown silty fine to coarse sand, with fine to coarse gravel and
cobbles. The D5e is estimated at 0.8 mm and De5 at 2.0 mm. The estimates are based
on matching the description of the top layer of soil from the Log of Test Borings
(LOTB) with the American Association of State Highways Transportation Officialsl
(AASHTO) soil particle size distribution chart.

According to Quincy Engineering, Inc., the field observations did not indicate severe
creek bed degradation. The long-term bed elevation change is assumed to be
negligible.

Contraction scour occurs when the flow area ofa stream is reduced significantly, either
by a natural contraction or by a bridge. There is some contrastion that will occur
during the 100-year design event at the proposed bridge sites due to the proposed
bridges structures.

The reduction in flow area is calculated by comparing the flow area at the upstream
face of the bridge, shown on the HEC-RAS Bridge Output ZaDle (Appendix B), to the
flow area two stations upstream ofthe bridge, shown on the IIEC-RA S Summary Table
(Appendix B). For the eastbound portion of the proposed bridges, the flow area of
Weber Creek will be reduced from 101.16 square meters to 78.87 square meters at the
upstream face of the bridges. This corresponds to a 22%o reduction in flow area in
approximately 9.3 meters. Using the Live-Bed Contraction Scour Equation at the
channel, the calculated contraction scour at the channel is 0.41 m.

For the westbound portion of the proposed bridges, the flow area of Weber Creek will
be reduced from about 106.16 square meters to abo.ttt 57.99 square meters at the
upstream face of the bridges. This corresponds to a 45o/o reduction of flow area in
approximately 9.7 meters. Using the Live-Bed Contraction Scour Equation at the
channel, the calculated contraction scour at the channel is 1.94 m.

I
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Table 4. Sumlnary ofllydraulic Data
Eastbound Bridee Westbound Bridee

Water Surface Elevation 470.'13 m
Flow Veloaity 3.23 rn/s

47O.35 m
3.63 m/s

Pier Scour: The basic mechanism causing local scour at piers is the formation of vortices (known
as horseshoe vortex) at their base. The horseshoe vortex results from the pileup of
water on the upstream surface of the pier and subsequent acceleration of the flow
around the base of the pier. The action of the vortex removes bed material from
around the base of the pier. The Colorado State University (CSU) Equation was
utilized to determine pier scour for Piers 3L and 3R.

The pier scour calculations were estimated by using the soil particle size estimates
obtained from the LOTB and AASHTO with D5q at 0.8 mm and De5 at 2.0 mm. The
pier widths obtained from the Foundation Plan were tripled for the design estimate, to
simulate accumulation of debris. The estimated scour during the 100-year event is
summarized in Table 5 for the upstream face of the eastbound bridge and Table 6 for
the upstream face of the westbound bridge.

Abutment Scour occurs at abutments when the abutment and embankment obstruct the flow. The
Scour: flow obstructed by the abutrnent and approach highway embankment forms a

horizontal vortex starting at the upstream end of the abutrnent and running along the
toe of the abutrnent, resulting in a vertical wake vortex at the downstream end of the
abutrnent.

Since the 100-year water surface elevation does not reach the abutments, it is assumed
that the long term abutment scour will be negligible.

Total Scour: Total scour is the sum of calculated local scour (pier and abutment scour), contraction
scour, and long-term bed degradation. The total calculated scour depth for the piers of
the proposed bridges is shom in Table 5 and Table 6. These estimated values assume
that the scoured material is made up of erodible sediment. The detailed calculations
for total scour are available in Appendix C. HEC-18 was used in performing the
detailed calculations to estimate scour.

Table 5. Summary ofScour at the Eastbound Bridse

I
I
I
I
I
I
I
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Location Long-term Bed Contraction
Chanse Scour

Local Scour Total Scour
Depth

Pier 3R Negtigible o.4l 13.35 N/A

Table 6, Summary ofScour at the Westbound Bridge
Location Long-term Bed Contraction Local Scour Total Scour

Change Scour D€pth
Pier 3L Negtigible |.94 13.73 N/A

While the abutment scour is assumed to be negligible, the potential for local scour and
contraction scour should be considered in setting the pier foundation depths in and near
the main channel of Weber Creek. The calculated scour depths exceed the 1.83 m
depth of erodible overburden. This indicates that during the design event, the design

t
I
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flow will scour the soil to the elevation ofbedrock.

It is recommended that the foundation of the bridges be embedded into bedrock to a
sufficient depth in order to ensure structural stability.

I

t 7 August 2008I Bridge Design Hyckaulic Study

I US^Roule 5^0 Bridges over Weber Cteek
Et uotaoo Lounry



Photo 2. Weber Creek Bed Channel (looking to Northrv€st)

Photo 3. Weber Creek Bed Channel at Pier 3R

Photo 4. Weber Creek Bed Cbannel at Piers 2L and 2R
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Hydrologic Soil Group
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I Description

I Hydrologic soil grolps are based on estimaEs of runofi poterddl, Soil$ are
I aEsigned to one of four groups according to the rate ol water infiltration when lhe
|l soils are not prclected by vegetation, 6 fe thoroughly r,vel and receive precipitation

trom long.duralion storms.

Ir ltr,":HTi:Hlhl:5H:;fr38i1T.':fil"'H1"#i,*;1l:*,',*o
I Gtoup A- SdlE having a high infiltElion rate {low runoff potentiau when thomughly

wet. these consist mainly of deep, well drained to excessively drained sands or
I gfavelly sands, These soils have a high late ofwatBr trsnsmission.

I Group B. Soils having a moderat€ infiltr8tion rate lyhen thorpughly wel Thase
I consist chi€ny ol moderately de€p or deep, raoderately well drained orwElldrained
r soils that havo moderately flne texlure to msderately coarse iexlure. These soils

have a moderate rate of rf,Eler traffimission.

I Groupc. Soils having a slo/rr infltralion rale rYhen thoroughly wet These consist
a chieti ot soils havinfa byer that impe<tes Bre dowruarc movement ofwater or

soils of moderatsly tins texture or ine texfu re. These soils have a slow rale of water
r tfansmission,
I
I Group D. Sdls having s very slow infiltration rste (high runoff FotentiEll vrhen
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I 
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Ihese soils have a yery slow ratE of watBr lrEnsmission.
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r! natural condition arE in group D arB assigned to dual classes-
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Appendlr A-Hydro logic D a t a

HMS Results

I
I
I

Time 100 vr 50 yr Time 100 vr 50 vr Time 100 vr 5o Yr
0 :15 U 0 1 l :45 105 .114 87.209 23:30 145.654 120.039
0 :30 0 0 12:00 1t2.39 93.437 23:45 142.685 t17.427
0:45 0.001 0.001 12:15 119 .828 99 .81 I 0:00 139.'751114.846
1 :00 0.001 0.001 l2:30 127.41 106.315 0 :15 136.876 112.317
I  : 1 5 0.002 0.002 l2:45 135.003112 .833 0:30 134.06s109.846
1 :30 0.009 0.003 l3:00 142.472 11.9.247 0:45 131.291 107.41
1:45 0.035 0 .018 13 :  l 5 149.693 12s.448 l : 00 128.563 105 .017
2:00 0.078 0.046 l 3 :30 156.653131.428 1 : 1 5 125.909 102.691
2 :15 0.143 0.088 13:,45 163.367 137 .198 1 :30 123.306 100.413
2 :30 0.245 0 .155 14:00 169.616 r42.567 l : 45 120.716 98 .15
2:45 0.39 0.256 14 :15 175.359 141.499 2:00 118.127 95.894
3:00 0.577 0.39 14:30 180.729 152.113 2 :15 l15 .536 93.64
J : t f 0.814 0.56 14:45 185.648156.338 2:30 112.94 91 .386
3:30 1.107 0.775 l5 :00 190.001160.074 2:45 110.352 89.144
3:45 1.457 1.035 l 5 :  l 5 193.876 163.395 3:00 107.781 86.924
4:00 1 .871 1.343 l 5 :30 197.347 166.365 3 :  l 5 105.22 84.717
4 : 1 5 2 . 3 0 L 1 .7  | 15:45 200.251 168.844 3 :30 102.654 82.st2
4:30 2.933 2.141 l6:00 202.602 170.841 3:45 100.076 80.304
4:45 3 .591 2.641 16 :  l 5 204.5'�74172.508 4:00 97.484 78.092
5:00 4.351 3 .217 16:30206.176 t7 3.854 4 : 1 5 94.883 7s.88
5 : 1 5 5.229 3.888 l6:45 207 .379 r74.854 4:30 92.303 73.695
5:30 6.229 4.658 17:00208.236 175.552 4:45 145.654 120.039
5:45 7.364 5.533 17:15 208.727 175.934 5:00 142.685 117.427
6:00 8.651 6.53 l7 :30 208.712175.874 5 :  l 5 139.7sl 114.846
o : l ) 10.099 7.659 l7:45 208.233 1"t5.411 5:30 136.876 112.317
6:30 11.719 8.931 l8:00 207.445 174.68 5:45 t34.06s109.846
6:45 13.512 10.348 18 :  l 5 206.368 173.698 6:00 t3t.29l 107.41
7:00 15.472 11 .906 18 :30 205.003172.465 23:30 128.563 105 .017
7 :15 17.619 13 .619 18:45 203.402 t7t.026 23:45 125.909 102.691
7:30 19.963 15.505 i9:00 201 .591t69.405 0:00 123.306 100.413
7:45 22.503 r7 .559 1 9 : 1 5 199.557 167.59 0 :15 120.716 98 .15
8:00 2s.379 19.903 19:30 t97.3r2 165.593 0:30 |8.127 95.894
8 :  l 5 28.613 22.559 19:45 194.89 163.443 0:45 I15 .536 93.64
8 :30 32.113 25.448 20:00 t92.231 161 .087 l:00 112.94 9r.386
8:45 35.945 28.627 2O:15 189.336158.526 l :  l 5 110.352 89.t44
9:00 40.198 32.172 20:30 186.27s 155.82 1 :30 107.78r 86.924
9 :  l 5 44.787 36.016 20:45 183.033152.957 l :45 105.22 84.717
9:30 49.62 40.076 21:00 t79.59 149.921 2:00 t02.6s4 82.512
9:45 54.754 44.398 2 l : 1 5 176.007 t46.762 2 : 1 5 100.076 80.304

l0:00 60.178 48.977 2 l :30 172.358 t43.548 2:30 97.484 78.092
l 0 : 1 5 65.8r7 53.745 2l:45 168.747 140.368 94.883 75.88
10:30 71.727 58.75 22:00 165.192 137.238 3:00 92.303 73.695
l0:45 77.944 64.028 22:15 161.659 t34.127 3 :  l 5 t4s.654 120.039
I  l : 00 84.385 69.51 22:30 r58.235 131.112 3:30 142.685 117.427
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Appen dix A- Hydro lo gic Data

Time 100 vr ) u w Time 100 vr 5 0 w Time 100 vr 50 vr
1 1 : 1 5 9t.022 75.167 22:45 154.973 t28.241 3:45 139.751 |4.846
I  1 :30 97.95 81.082 23:00 151 .806125.453 4:00 136.876 112.317
I  1:45 1 0 5 . 1 1 4 87.209 23:15 148.692 122.7124 : 1 5 134.065109.846

4:30 131.29r r07.41
4:45 89.7s7 71.548
5:00 87.223 69.422
5 : 1 5 84.687 67.304
5 :30 82.148 6 5 . 1 9 1
5:45 79.61 63.088
6:00 77 .077 60.998
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A pp endix B-HEC-MS Analpes

APPENDIX B

HEC-RAS Hydraulic Analyses

o Existing Condition
. Proposed Condition
o Summary Table
r Bridge Output Tables
. Graphical Cross Sections

Bridge Design Hydraulic Study Appendix
US Route 50 Bridses over Weber Creel

I 

El Dorado County

August 2008



I
I

Appendh B-HEC- MS An alys es
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H E C - R A S  V e r s i o n  3 . 1 . 3  M a y  2 0 0 5
U . S .  A r m y  C o r p  o f  E n g i n e e r s

H y d r o l o g i c  E n g i n e e r i n g  C e n t e  r
6 0 9  S e c o n d  S t r e e t

.  D a v i s ,  C a l i  f o r n i a

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X

r

I PRo.IECT DATA
r  P r o j e c t  T i c l e :  W e b e r  C r e e k  B r i d g e

P r o j e c t  F i l e  :  P 0 4 2 8 n e w . p r j
I  R u n  D a t e  a n d  T i m e  |  8 / 2 5 / 2 O O B  2 : 1 5 : 3 0  p M
r

P r o j  e c t  i n  S I  u n i t s
,

I

PI,AN DATA

r  P l a n  T i t t e :  P l a n  l t
P l a n  F i l e  :  g : \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i  F I \ C a l c u l a t i o n s \ H E C -

I  R A S \  P 0  4  2  8 n e w .  p 1 1
a

ceometry T i t le :  WEBER CREEK exis t ing

I  G e o m e c r y  F i - I e  :  g : \ P r o j e c t s \ y 2 0 0 4 \ p 0 4 2 8  U S 5 0  M i s s o u r i
r  F  L  \ C a l c u  I a t  i o n s  \  H E C - R A S  \  p 0  4  2  S n e w ,  g 0 2

I  FIow Ti t le  :  WEBER CREEK DESIGN FLOWS
I  F l o w  F i I e  :  g :  \ p r o j e c r s \ y 2 0 0 4 \ p 0 4 2 8  u s 5 0  M i s s o u r i

F I \ C a l c u l a t i o n s  \ H E C - R A S \ P 0 4 2  8 n e w .  f  0 1

Plan Summa.ry ln format ion:
N u m b e r  o f :  C r o s s  S e c t i o n s  =  1 1  M u l t i p l e  O p e n i n g s  =  0

C u l v e r t s  =  0  I n l i n e  S t r u c t u r e s  :  0
Br idges = 2 Latera l  St ructures :  0

Compu La c iona- [  In format ion
W a t e r  s u r f a c e  c a l c u l a t i o n  t o l e r a n c e  =  0 . 0 0 3
C r i t i c a l  d e p t h  c a l c u l a t i o n  t o l e r a n c e  :  0 . 0 0 3
Maximum number of  i terat ions :  20
M a x i m u m  d i f f e r e n c e  t o l e r a n c e  =  0 . 1
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F l o w  t o l e r a n c e  f a c t o r :  0 . 0 0 1

Computat ion Opt ions
C r i t i c a l  d e p t h  c o m p u t e d  o n l y  w h e r e  n e c e s s a r y
Conveyance Calcu-Lat ion Method:  At  breaks in  n va lues only
Fr ic t ion Sl -ope Method:  Average Conveyance
Computat ional  F low Regime:  Mixed Flow

FLOW DATA

Flow Ti t le :  WEBER CREEK DESIGN FLOWS
F l o w  F i l e  :  g : \ p r o j e c t s \ y 2 0 0 4 \ p 0 4 2 8  U S 5 0  M i s s o u r i  F l _ \ C a l c u l a t i o n s \ H E C -
R A S \ P 0 4 2 8 n e w .  f 0 1

F l o w  D a t a  ( m 3 / s )

River  Reach
Weber Creek 1

R . r r r  n d a  r v  r - n n r l  i  t  i  n n  c

Q 1 0 0

Appendix B-HEC-MS Analyses

Q s 0RS
L6'7 . O 2 0 9  1 1 6

Rive r
Downstream

Reach P r o f i l e

Q 1 0 0

Q 5 0

Ups tr.eam

N o r m a l  S  =  0 . 0 0 5

N o r m a l  S  =  0 . 0 0 5

Weber Creek 1
N o . r m a l  S  =  0 . 0 3

Weber creek I
N o r m a l  S  :  0 . 0 3

GEOMETRY DATA

G e o m e t r y  T i t l e :  W E B E R  C R E E K  e x i s t i n g
G e o m e t r y  F i l e  :  g : \ p r o j e c t s \ y 2 0 0 4 \ p 0 4 2 8  u s 5 0  M i s s o u r i  F l \ C a l c u l a t i o n s \ H E C -
R A S \ P 0 4 2  8 n e w . 9 0  2

CROSS SECTION

RIVER:  Weber  Creek
REACH:  1

INPUT
D e s c r i p t i o n : 1 + 6 7 . 0 0

R S :  1 6 7 . 0

S t a t i o n  E l e v a t i o n  D a t a  n u m =  1 0
S t a  E I e w  S t a  E l e v  S t a  E . l e v  S t a  E l e v  S t a  E l e v

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Creek

I 

El Dorado County

Appendix August 2008



I
I
I
I
I
I
t
T
I
I
I
I
I
I
I
I
I
I
I

0
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Appendit E H EC-MS Analys es

4 6 6 . 6  6 . 5  4 6 ' 7 . 4 5 9
4 7 8  4 9  . 3  4 8 0

- 2 r . 6  4 8 0  - 2

1 0 . 6  4 6 8  2 8 . 5

M a n n i n g r s  n  V a l u e s
Sta n Va1 Sta

- 2 1 ,  . 6  . 0 7 5  - 1 . 5

R : r k  q i : .  I 6 F l -  E i  d h l .

- 1  . 5  6 . 5

CROSS SECTION

RIVER:  Weber  Cree k
R E A C H :  1

INPUT
D e s c r i p t i o n : 1 + 4 9 . 3
S t a t  i o n  E f e v a t i o n  D a t a

num= 3
n Va1 Sta

. 0 4  6 . 5

T . a n  ^  1 -  h c .  T . o  f  I

1 7 . 7

4 6 7 . 8 4 1 ,
4 7 6

R S :  L 4 9 , 3

R S :  1 2 7 . L 4

46'7 .531,
4 7 6 . 5

n VaL
. U / J

Channel
L ' l  . 7

E I E l /

4 6 6  . 5
4 6 9

C o e f f  C o n t r .
. 1

C o e f f  C o n t r ,
. 1

Right
' t  1  . 7

E x p a n ,

Sta El ,ev S t a
- 2

8 . 5
0

2 3  . 9

E  I e v
4 6 6 . 5
4 7  4  . 5

E , L C V

4 6 7  . 3

num: 11
r _Lev  5  f  a

4 6 6 . 7  4 9  - L  . 7
4 6 8  1 5

E l e v  S t a

4 6 6  . 2  4  . 9
4 ' 7 3 . 5  2 8 . 6

- 1 8 4 8 0
6  4 6 6  . 9 5 8

J t l 4 8 0

M a n n i n g t s  n  V a l u e s  n u m =  3
Sta  n  Va l  S ta  n  Va l  S ta  n  Va l
- 1 8  . 0 7 5  - 2  . 0 4  6  . 0 ? 5

B a n k  S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t
- 2  6  2 2 . L 6  2 2 . 1 6  2 2 . 1 6

CROSS SECTION

RIVER: Weber Cree k
REACH: 1

INPUT
D e s c r i p t i o n :  7 + 2 ' 7 . 1 4
Stat ion Elevat ion Data num: 8

S t a  E l e v  S t a  E L e v  S t a  E l e v  S t a
- 1 6 . 8  4 8 0  - 2  4 6 7 . 6 6 7  - 1 . 5  4 6 7 . 2 5  0

1 0  4 6 8  2 L . 2  4 6 8 . 5  3 4 . 1  4 8 0

M a n n i n g r s  n  V a l u e s  n u m =  3
Sta n Va1 Sta n Val  Sta n Val

- 1 6 . 8  . 0 7 5  - 1 . 5  . 0 4  6 . 5  . 0 7 5

B a n k  S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t
- 1  .  5  6 .  5  1 1  . 4 2  7 1  . 4 2  L l "  . 4 2

CROSS SECTION

E x p a n .
. 3

El  ev
4 6 6 6 . 5

C o e f f  c o n t r .
. 1

E x p a n .

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Creel
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App endix B- H EC- MS Analys es

RIVER:  Weber  Cree k
REACH:  1

INPUT
r l a a ^ r i  ^ f  i  ^ h .

Stat ion Elevat ion Data num: 9
S t a  E l e v  S t a  E I e v  S t a  E l e v  S t a  E l e v  S t a  E l e v

- 1 6 . 6  4 8 0  - 2  4 6 ' 7 . 2 4 ' 7  - 1 . 5  4 6 6 . 8 L  0  4 5 5 . 5  6 . s  4 6 . 7 . 0 4 8
8  . 4  4 6 7  . 5  2 2  . 7  4 6 8  2 8 . I  4 7 0 . 5  3 9  4 8 0

M a n n i n g ' s  n  V a L u e s  n u m =  3
Sta n Val  Sta n VaL Sta n vaL

- 1 6 . 6  . 0 7 5  - 1 . 5  . 0 4  6 . s  . 0 7 5

R , i r k  S F a .  T , a f  '  p i d h l -  .  ' ^ € +  - L ^ " l n e l  R i . r h l -  C n a F f  a ^ n f r  E v n : h
- 1 . 5  6 . 5

CROSS SECTION

R I V E R :  W e b e r  C r e e k
R E A C H :  1  R S :  1 0 7 . 4

INPUT
D e s c r j " p t i o n :  L + 0 7  . 4
Stat ion Elevat ion Data num= 13

S t a  E l e v  S t a  E I d v  S t a  E l e v  S t a  E l e v  S t a  E l e v
- 4 5  4 8 9  - 3 6 . 5  4 8 9  - 2 8 . 6  4 8 5  - 2 2 . 3  4 8 s  - 2  4 6 6 . 1 9 4

0  4 6 5  6  4 6 6 . 7 2 4  8 . 1  4 6 ' 7 . 5  2 3 . 5  4 6 8  3 6 . 1  4 ' 7 3
4 5 . 2  4 8 3  4 9 . 6  4 8 5  s 4  4 8 5

M a n n i n g ' s  n  V a l u e s  n u m =  3
Sta n Val  Sta n Va1 Sta n Val
- 4 5  . 0 7 5  - 2  . 0 4  6  . 0 7 5

B a n k  S t a :  L e f r  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  E x p a n .

E i C .  1 1 q  ? ' )

R S :  9 9 . 1 2 5

-  L . 4 4

8  . 3 2  8 . 3 2  8 . 3 2 . 1  . 3

- 2 6 1 6 . 5 5  1 6 . 5 5  1 6 . 5 5

BRIDGE

RfVER: Weber Creek
REACH: 1

INPUT
D e s c r i p t i o n :  E a s t b o u n d  U S 5 0
D i s t a n c e  f r o m  U p s t r e a m  X S  :  6 . 8 0 7
D e c k / R o a d w a y  W i d t h  =  5 . 8 7
W E I T  U O E I  I  I  C I C N T

Upstream Deck, /Roadway Coordinates

Bridge Design Hydraulic Study
US Route 50 Bridges over W€ber Creek
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Appendix B-HEC-MS Analyses

num: 2
Sta Hi  Cord Lo Cord Sta Hi  Cord Lo Cord

- ' 7 ' 7 . 0 5  5 0 8 . 1 4 4  5 0 5 . 4 3 4  9 0 . 0 8  5 0 4 . 2 0 s  5 0 1 . 4 9 5

Upstream Br idge Cross Sect ion Data
Stat ion Elevat ion Data num= 13

S t a  E l e w  S t a  E l e v  S t a  E l e v  S t a  E l e w  S t a  E l e v
- 4 5  4 8 9  - 3 6 . 5  4 8 9  - 2 8 . 6  4 8 5  - 2 2 . 3  4 8 5  - 2  4 6 6 . 7 9 4

0  4 6 s  6  4 6 6 . 7 2 4  8 . 7  4 6 ' 7 . 5  2 3 . 5  4 6 8  3 6 . ?  4 ' 7 3
4 5 . 2  4 8 3  4 9 . 6  4 8 5  5 4  4 8 5

\ 4 e n n i n . r r s  n  \ / a l r r F s  n u m :  3

Sta n VaI  Sta n Val  Sta n Va1
- 4 5  . 0 7 5  - 2  . 0 4  6  . 0 7 5

R a n k  q f ^  .  T . a F f  P i  d h l -  C o e f f  C o n t r .  E x D a n .

Downstream Dec k, /Roadway Coo rd inates
num= 2

Sta Hi  Cord Lo Cord Sta Hi  Cord Lo Cord
- 7 7  . 1  5 0 8 . 1 - 4 4  5 0 s . 4 3 4  8 9 . 9 3  5 0 4 . 2 0 5  5 0 1 . 4  9 5

Downstream Br idge Cross Sect ion Data
Stat . ion Elevat ion Data num: 9

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v
- 4 0 . 2  4 8 8 . 5  - 1 - 4  . 2  4 8 0  - 2  . 6  4 6 6 . 5  - 2  4 6 6 . ! 5 4  0  4 6 s

6  4 6 6 . 4 1 5  1 0 . 6  4 6 ' 7 . 5  2 3 . 8  4 6 8  5 3 . 1  4 8 0

M ; n n i n . r | s  n  \ / , a  l r r a e  n u m :  3

Sta n Val  Sta n Val  Sta n VaI
- 4 0  . 2  . 0 7 5  - 2  . 0 4  6  . 0 7 5

B a n k  S t a :  L e f t  R i g h t .  C o e f f  C o n t r .  E x p a n .
- 2 6

U p s t r e a m  E m b a n k m e n t  s i d e  s l o p e
Downstream Embankment  s ide s lope
Maximum a l lo l tab le  submergence fo r  we i r  f low =  .95
Elewat lon  a t  wh ich  we i r  fLow beg ins
E n e r g y  h e a d  u s e d  i n  s p i l l w a y  d e s i g n
S p i l l w a y  h e i g h t  u s e d  i n  d e s i g n

- 2 6 . 1  . 3

. 1  . 3

:  0  h o r i z .  t o  1 , 0  v e r t i c a l
=  0  h o r i z .  t o  1 . 0  v e r t i c a l

= Broad Crestedw e i r  c r e s t  s h a p e

Number of  P i -ers :  3

H l e r  D a t a
P i e r  S t a t i  o n  t l o s f  r g s p =  - 3 5 , 3 3  D o w n s t r e a m :  - 3 5 .  3 9
Upstream num: 2

Wid th  E lev  t { id th  ELev
6 . 4 5  0  6 .  4 5  5 0  6

Downst ream num= 2

Bridge Design Hydraulic Study
US Route 50 Bridges over Web€r Creek
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Appendix B-HE C-RA S Analy es

W i d t h  E l e v  W i d t h  E I e v
6 . 4 5  0  6 . 4 5  5 0 6

Pier  Data
P i e r  . S t a t i o n  I l n s f  r s 3 6 l =  6 . 4 2  D o w n s t r e a m :  6 . 3 1
Upstream num: 2

W i d t h  E L e v  W i d t h  E l e v
6 . 4 5  0  6 . 4 5  5 0 6

Downstream num: 2
Width Elev Width Elev
6 . 4 5  0  6 . 4 5  5 0 6

P i e r  D a t a
P i e r  S t a t i o n  U n s i - r g 3 l n =  4 8 . 1 8  D o w n s t r e a m =  4 8 . 1 3
Upstream num: 2

Width Elev Width Elev
6 . 4 5  0  6 . 4 s  s 0 6

Downstream num: 2
W r d t h  E - L e v  W i d t h  E I e v
6 . 4 5  0  6 . 4 5  5 0 6

N u m b e r  o f  B r i d g e  C o e f f i c i e n t  S e t s  :  L

Low Flow Methods and Data
Energy

S e l e c t e d  L o w  F I o w  M e t h o d s  :  H i g h e s t  E n e r g y  A n s w e r

High Flow Method
Energy Only

Addi t ional  Br idge Parameters
Add Fr ic t ion component  to  Momentum
Do not  add Weight  component  to  Momentum
c l a s s  B  f l o w  c r i t i c a l  d e p t h  c o m p u t a t i o n s  u s e  c r i t i c a l  d e p t h

ins ide the br idge at  the upstream end
C.r i ter ia  to  check for  pressure f low = Upstream energy grade l ine

CROSS SECT l  ON

RIVER: Weber Creek
REACH: 1

INPUT
n a < ^ r i  h f  i  ^ h .  n l O n  a q

Stat ion Elevat ion Data num: 9
S t a  E L e v  S t a  E f e v  S t a  E l e v  S t a  E l e v  S t a  E l e v

- 4 0 . 2  4 8 8 .  5  - r 4 . 2  4 8 0  - 2  . 6  4 6 6 . 5  - 2  4 6 6 . 1 5 4  0  4 6 5
6  4 6 6 . 4 L 5  1 0 . 6  4 6 ' 7  . 5  2 3 . 8  4 6 8  5 3 . 1  4 8 0

M a n n i n g ' s  n  V a l u e s  n u m =  3
Sta n Va1 Sta n Val  Sta n Val

R S : 9 0 . 8 5

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Creek
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A ppendix B-HE C-MS Analyset

- 4 0 . 2  . 0 7 s  - 2  . 0 4  6  . 0 ? 5

B a n k  S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e J ,  R i g h t  C o e f f  C o n t r .  E x p a n .
- 2 6

CROSS SECTION

RIVER: Weber Cree k
R E A C H :  1  R S :  8 2 . 1 5

INPUT
D e s c r i p t i o n :  0 + 8 2  . 1 5
Stat ion Elevat ion Data num: 10

S t a  E l e w  S t a  E l e v  S t a  E l e v  S t a  E L e v  S t a  E . L e v
- 4 0 . 2  4 8 8 . 5  - I 4 . 7  4 8 0  - 2 . 5  4 6 6 . 5  - 2  4 6 6 . 2  0  4 6 5

6  4 6 6 . 5 3 9  9 . 1 5  4 6 7 . 5  2 2 . 3  4 6 8  5 1 . 8 7  4 ' 7 8  5 5 . 1  4 8 0

M a n n i n g ' s  n  V a l u e s  n u m :  3
Sta n Va1 Sta n Val  Sta n VaI

- 4 0 . 2  . 0 7 5  - 2  . 0 4  6  . 0 ' 1 5

B a n k  S r a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h L  C o e f f  C o n t r ,  E x p a n .

8 . 7  8 . 7  8 . 1 . 1  . 3

- 2 6 1 9 . 1 6  1 9 . 1 6  1 9 . 1 6 , L  . 3

BRl  DGE

R I V E R :  W e b e r  C r e e k
R E A C H :  1

INPUT
D e s c r i p t i o n :  W e s t b o u n d  U S 5 0
Distance f rom Upstream XS :  1
D e c k / R o a d w a y  W i d t h  =  5 . 8 7
w e l r  u o e I t l c l e n t '

R S :  1 2 . 5 7

=  I . 4 4
Upstream Deck/Roadway coord inates

num= 2
S t a  H i  C o r d  L o  C o r d  S t a  H i  C o r d  L o  C o r d

- 1 4 . 6  5 0 1  . 9 4 4  5 0 5 . 2 3 4  9 2 . 7  5 0 4 . 1 9 6  s 0 1 . 4 8 6

U p s t r e a m  B r i d g e  C r o s s  S e c t i o n  D a t a
Stat lon Elevat ion Data num= 10

S t a  E l e v  S t a  E f e v  S t a  E l e v  S t a  E l - e v  S t a  E L e v
- 4 0  . 2  4 8 8  . 5  - r 4  . ' t  4 8 0  - 2 . 5  4 6 6 . 5  - 2  4 6 6  . 2  0  4  6 5

6  4 6 6 . 5 3 9  9 . 7 5  4 6 7  . 5  2 2 . 3  4 6 8  5 1 . 8 7  4 ' 7 8  5 s . 1  4 8 0

M a n n i n g r s  n  V a l u e s  n u m =  3
Sta n Val  Sta n VaI  Sta n Val

- 4 0  . 2  . 0 7 5  - 2  . 0 4  6  . 0 ? s

B a n k  S t a :  l , e f t  R i g h t  C o e f f  C o n t r .  E x p a n .

Bridge Design Hydraulic Study
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I A ppendbc B-HEC-MS Analys es

I - 2 6 . 1  . 3

I  D o w n s t r e a m  D e c k / R o a d w a y C o o r d i n a t e s
I  num: 2

Sta Hi  Cord Lo Cord Sta Hi  Cord Lo Cord

I  
- 8 4  .  3  5  0 7  . 9 4 4  5 O 5  . 2 3 4  8 2  .  8  5 0 4  . 1 9 6  5 0 1  , 4 8  6

t  Downstream Br idqe Cross Sect ion Data
Stat ion Elevat iJn Data num: 13

I  S L a  E l e v  S t a  E I e v  S t a  E L e v  S t a  E I e v  S t a  E L e v
I  - s o  4 8 9 . s  - 4 3 . 9  4 8 9 . 5  - r ' 1  . 2  4 a 2 . 5  - r . 5  4 6 8 . 3 5 2  - r  4 6 i . g o r

o  4 6 ' 7  3 . 8  4 6 7  . 5  ' 7  4 6 ' 7  . ' 7 0 8  1 1 . 5  4 6 8  1 9  . 2  4 6 9 . 5
I  2 9 . 7  4 7 2 . 5  4 2 . 8  4 7 4  5 0 . 8  4 8 0

I
M a n n i n g ' s  n  V a l u e s  n u m :  3

I  S t a  n  V a l  S t a  n  V a l  S t a  n  V a l

I  
- s 0  . 0 7 s  - 1  . 0 4  7  . 0 ? s

B a n k  S t a :  L e f t  R i g h t  C o e f f  C o n t r .  E x p a n .
r  - 1  7  . L  . 3I

U p s t r e a m  E m b a n k m e n t  s i d e  s l o p e  0  h o r i z .  t o  1 . 0  v e r t i c a l
I  D o w n s t r e a m  E m b a n k m e n t  s i d e  s l o p e  O  h o r i z .  t o  1 . 0  v e r t i c a l
I  M a x i m u m  a l l o w a b l e  s u b m e r q e n c e  f o r  w e i r  f l o w  =  . 9 5

E l e v a t i o n  a t  w h i c h  w e i r  f l o w  b e q i n s

I  E n e r g y  h e a d  u s e d  i n  s p i t l w a y  d e s i g n

I  S p i l l w a y  h e i g h l  u s e d  i n  d e s i g n
W e i r  c r e s t  s h a p e  =  B r o a d  C r e s t e d

t  
Number of  P iers :  3

P i e r  D a t a
I  P i e r  S t a t i o n  U p s t r e a m =  - 3 2 . 7 6  D o w n s t r e a m =  - 4 2 . 5 9
I  Upstream num= 2

Width Elev Width Elev
I  6 . 4 s  o  6 . 4 s  s o 6
| l  Downstream num: 2

Width Elev Width Elew
I  6 . 4 5  0  6 . 4 5  s 0 6
I

P i e r  D a t a

I  P i e r  S t a t i o n  U p s t r e a m =  9  D o w n s t r e a m :  - . 8 3

I  Upstream num- 2
W i d t h  E l e v  W i d t h  E l e v
6 . 4 5  0  6 . 4 s  5 0 6

f l  Downstream num= 2
I  wi -dth Elev Width Efev

6 . 4 s  0  6 . 4 5  5 0 6

P I E T  L J A T A

P i e r  S t a t i o n  U p s t r e a m =  5 0 . 7 6  D o w n s t . r e a m =  4 0 . 9 3
Upstream num= 2

I
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App endix B-HEC- RAS Analys es

Width Elev Width Elev
6 . 4 5  0  6 . 4 s  5 0 6

Downstream num= 2
Width Elev Width Elev
6 . 4 5  0  6 . 4 s  5 0 6

Number of  Br idge Coef f ic ient  Sets = l -

Low Flow Methods and Data
E n e r g y

S e l e c t e d  L o w  F I o w  M e t h o d s  :  H i g h e s t  E n e r g y  A n s w e r

High Flow Method
Energy OnI  y

Addi t ional  Br idge Parameters
Add Fr ic t ion component  to  Momentum
Do not  add Weight  component  to  Momentum
c l a s s  B  f l o w  c r i t i c a l  d e p t h  c o m p u t a t i o n s  u s e  c r i t i c a l  d e p t h

ins ide the br idge at  the upstream end
C r i t e r i a  t o  c h e c k  f o r  p r e s s u r e  f l o w  =  U p s t r e a m  e n e r g y  g r a d e  l i n e

CROSS SECTION

RIVER:  Weber  Creek
REACH:  1

INPUT

Stat ion Elevat ion Data num= 13
Sta EIew Sta Elev Sta Elev Sta El -ev Sta Elev
- 5 0  4 8 9 . 5  - 4 3 . 9  4 8 9 . 5  - r - 7 . 2  4 8 2 . 5  - 1 . 5  4 6 8 . 3 5 2  - r  4 6 ' 7 . 9 0 r

Q  4 6 ' 7  3 . 8  4 6 1  . 5  7  4 6 ' 7 . 7 Q 8  1 1 . 5  4 6 8  L 9 . 2  4 6 9 . s
2 9 . 7  4 7 2 . 5  4 2 . 8  4 ' 7  4  5 0  . 8  4 8 0

M a n n i n g ' s  n  V a l u e s  n u m =  3
Sta n Val  Sta n Val  Sta n Val
- 5 0  . 0 7 5  - 1  . 0 4  7  . 0 7 5

R t n k  S - , e .  T . F f  l -  P i d h +  T . F n . r f h s '  T , o f l -  r - h , i n n a l  R i . r h l -  a . \ a F f  a ^ n l - r  F v - r nr \ r Y r r L  r  ! ^ P u r r .

- 1  7

CROSS SECTION

R I V E R :  W e b e r  C r e e k
REACH:  1

INPUT
D e s c r i p t i o n : 0 + 4 2 . 7 5

R S :  6 2 .  9 9

R S :  4 2 . 7 5

2 0 . 2 4  2 Q . 2 4  2 0 . 2 4 . 1  . 3

Stat ion Elevat ion Data num= 11
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Appendir B-HEC-MS Analyses

S t a  E l e v  S t a  E l e v  S t a  E I e v  S t a  E l e v  S t a  E l e v
- 1 4 . r  4 8 0  - 2  4 6 8 . 4 1 5  - L . 5  4 6 ' 7 . 9 3 6  0  4 6 6 .  s  4  4 6 1  . 5

6 . 5  4 6 ' 1  . 7 r 2  9 . 9  4 6 8  2 3 . 4  4 6 9  3 6 . 1  4 1 2 . 5  4 4 . 5  4 7 4
5 1 . 1  4 8 0

M a n n i n g r s  n  V a l u e s  n u m :  3
Sta n Val  Sta n Va1 Sta n Va1

- 1 4 . 1  . 0 7 5  - 1  . 5  . 0 4  5 . 5  . 0 7 5

B a n k  S L a :  L e f t  R i g h c  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  E x p a n .
- 1  . 5  6 . 5

CROSS SEC.TION

RIVER: t {eber  Cree k
R E A C H :  1  R S :  1 0 . 9 5

I N P U T
n a e ^ r i  h l -  i  ^ n  .  n r 1  n  O q

Stat ion Elevat ion Data num= 13
S t a  E l e v  S t a  E I e v  S t a  E . I e v  S t a  E I e v  S t a  E L e w

- 3 0 . 2  4 8 0  - 5  4 6 6 . 7 6 3  - 4 . 5  4 6 6 . 5  - 4  4 6 6 . 4 7 A  0  4 6 6 . 3
4  4 6 6 . 4 5 4  4 . 5  4 6 6 . 4 7 3  5  4 6 6 . 4 9 2  5 . 2  4 6 6 . 5  9 . 6  4 6 8

1 9 . 5  4 6 8 . 5  2 9 . 2  4 7 Q . 5  4 5 . 4  4 8 0

M a n n i n g r s  n  V a L u e s  n u m :  3
Sta n VaI  Sta n Val  Sta n VaI

= 3 0 . 2  . 0 7 s  - 4 . 5  . 0 4  4 . 5  . 0 7 s

R t , i r k  S F A .  L a f  l _  p i d h -  T . a n d - h c .  T 6 € 1 - .  a h : n n a l  p i  d h t -  a ^ 6 F FR r 9 , r e  J , e l l g - l l s :  ! e I c  \ - n a r . . . _ _  _ _ _ - -  C o n t r .  E x p a n .
- 4 . 5  4 . 5

CROSS SECTION

RIVER:  Weber  Cree k
R E A C H :  I  R S :  0

INPUT
D e s c r i p t i o n : 0 + 0 0
S t a t i o n  E l e v a t i o n  D a t a  n u m =  1 2

S t a  E I e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E I e v
- 3 5 . 7  4 8 0  - 2 8 . 3  4 7 6  - 2 4 . 4  4 ' 1 5  - 8 . 5  4 6 6 . 5  - 6  4 6 6

0  4 6 5  . 7  3  . 3  4 6 6  I  . 2  4 6 6 . 5  1 7 .  s  4 6 8 . 5  2 7  . 2  4 6 9
3 3 . 1  4 1 0 . 5  5 0 . 3  4 8 0

M a n n i n g r s  n  V a l u e s  n u m =  3
Sta n Vaf  Sta n Va1 Sta n Val

- 3 5 . 7  . 0 ? s  - 6  . 0 4  3 . 3  . 0 ? s

B a n k  S t a :  L e f t  R i g h t  C o e f f  C o n t r .  E x p a n .

3 1 . 8  3 1 . 8  3 1 . 8 . 1  . 3

1 0 . 9 5  1 0 . 9 s  1 0 . 9 5 ' l ?
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App endk B-H EC -MS Analy es

- 6T 3 . 3 . 3

n 3n2
I
I
I

SUMMARY OF MANNINGIS N VAIUES

R i v e r : W e b e r  C r e e k

Reach

I

1
I
1
L
I
1
1
1
1
1
1
1
1

I
SUMMARY OF REACH IENGTHS

I  
R iver :  weber  c ree  k

t

I

I
I

I

Reach

R i v e r  S t a .

1 , 6 7  . 0
I 4 9  . 3
1 2 7  .  L 4
L1,5 .7 2
L 0 7 . 4
9 9  .  L 2 5
9 0 . 8 5
8 2  . 7 5
7 2 . 5 1
6 2  . 9 9
4 2  . 1 5
1 0 . 9 5
0

R i v e r  S t a .

L 6 ' 7  . 0
1 4 9 . 3
I 2 7  .  L 4
1 r 5  . 7  2
L O 1 . 4
99 .  L25
9 0 . 8 5
8 2 . 1 5
7 2 . 5 7
6 2  . 9 9

1 0 . 9 5
0

n 1

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. o 7 5

. 0 7 5

. 0 7 5

L e f t

L 7 . 7

L I  . 4 2
I  . 3 2

1 6 . 5 5

I  . ' 7
1 9 . 1 6

2 0  . 2 4
3 1 . 8

1 0 . 9 5

Channel

1 1  . ' 7
2 2 . L 6
L t . 4 2

L 3 2
1 6 . 5 5

8 . 7
1 9 . 1 - 6

2 0 . 2 4
3 1 . 8

1 0 . 9 s

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 ? 5

. 0 7 5

1 , ' 1  . 7
2 2  .  ) , 6
].1- . 42

8 . 3 2
1 6 . 5 5

4 . 7
L 9 . L 6

2 0  - 2 4
3 1 . 8

1 0 . 9 5

. 0 4

. 0 4

. 0 4

. o 4

. 0 4

. 0 4

. 0 4

. 0 4

. 0 4

. o 4

. 0 4

t

1
I
1
I
1
1
1
1
t
1
1
1
IT

I
I

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
R i v e r ;  W e b e r  C r e e k
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Appendh B HEC-MS Analyses

Reach R i v e r  S t a .

1 , 6 ' 7  . 0
1 4 9 . 3
t ? ' 7  .  1 4
L L s  . 7  2
1 , 0 7  .  4
9 9  . I 2 5
9 0 . 8 s
8 2 . t 5
7 2 . 5 1
6 2  . 9 9
4 2 . 7 5
1 0 . 9 5
0

Expan ,

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

C o n t r .

. 1

. 1

. 1

. 1

. 1

. 1

. L

. t

. 1

. L

. t

I
I
t
I
I
I
T
I
I
I
t
I
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Appendix B-HEC-MS Analyses

H E C - R A S  V e r s i o n  3 , 1 . 3  M a y  2 0 0 5
U . S ,  A r m y  C o r p  o f  E n g i n e e r s

H y d r o l o g i c  E n g i n e e r i n g  C e n t e  r
6 0 9  S e c o n d  S t r e e t
D a v i s ,  C a l i f o r n i a

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X

I PROJECT DATA
t  p r ^ i  a - f  r .  i  F  t  a .  r ^ 1 6 ' l - � 6 -  a , a 6 L  F r i  . t ^ 6

P r o j  e c t  F i l e  :  P 0 4 2 8 n e w . p r j
I  R u n  D a t e  a n d  T i m e :  8 / 2 5 / 2 0 0 8  2 : 2 5 : 0 6  P N I
I

P r o j e c t  i n  S I  u n i t s

t

- PLAN DATA

E-  P l a n  T i t I e :  P - L a n  1 2
P l a n  F i I e  :  g : \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i  F 1 \ C a l c u l a t i o n s \ H E C -

I  R A S \ P 0 4 2 8 n e w . p l 2
I

Geometrv T i t le :  WEBER CREEK PROPOSED

I  G e o m e t r y  F i I e  :  g :  \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i
I  E - L  \ C a I  c u l a t  i o n s  \  H E C - R A S  \  p 0  4  2  8 n e w .  q 0 1

t
I
T
I
I

Flow Ti t le  :  WEBER CREEK DESIGN FLOWS
F l o w  F i l e  :  g : \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i

F l \ C a l c u l - a t i o n s  \ H E C - R A S \ P 0 4  2  8 n e w ,  f  0 1

PJ-an Summary Informat ion :
N u m b e r  o f :  C r o s s  S e c t i o n s  :  1 1  M u l t i p l e  O p e n i n g s  :  0

Culver t .s  :  0  ln l ine Structures :  0
Br idges :  2  Latera l  St ructures :  0

Computat ional  In format ion
W a t e r  s u r f a c e  c a l c u l a t i o n  t o l e r a n c e  :  0 . 0 0 3
r - r i f  i . . a l  r l c n t h  c : l  s g f a t i o n  t o l e r a n c e  =  0 . 0 0 3
Maximum number of  i terat ions = 20
M a x i m u m  d i f f e r e n c e  t o l e r a n c e  =  0 . 1

Bridge Design Hydraulic Study
US Route 50 Bridg€s ovor Weber Creek
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Flow to lerance factor

Computat ion Opt  ions
C r i t i c a l  d e p t h  c o m p u t e d  o n l y  w h e r e  n e c e s s a r y
Conveyance Calculat ion Method:  At  breaks in  n va lues only
F r i . f  i ^ n  q l  ^ n e  M F t h ^ . i  .  A \ r o r r d a  a ^ n r r a. , y a n c e
Computat ional  FIow Regime:  Mixed Flow

FLOW DATA

Flow Ti t le :  WEBER CREEK DESIGN FLOWS
F l o w  F i l e  :  g : \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i  F l \ C a l c u l a t i o n s \ H E C -
R A S \ P 0 4 2 8 n e w .  f 0 1

r  -Low uat 'a  (mJ/  s  )

River  Reach
W e b e r  C r e e k  1

Boundary Condi t ions

:  0 . 0 0 1

Appendk B-HEC-MS Analyses

Q s 0
1,7 6

RS
7 6 ' 7  . 0

Q 1 0 0
2 0 9

River
Downstream

Reach P r o f i l e

Q 1 0  0

os0

r ln  c  l -  r6 .  m

N o r m a 1  S  =  0 . 0 0 5

N o r m a l  S  =  0 . 0 0 5

Weber Creek 1
N o r m a l  S  =  0 . 0 3

W e b e r  C r e e k  1
N o r m a . l  S  :  0 . 0 3

GEOMETRY DATA

Geometry T i t le :  WEBER CREEK PROPOSBD
G e o m e t r y  F i I e  :  9 : \ P r o j e c t s \ Y 2 0 0 4 \ P 0 4 2 8  U S 5 0  M i s s o u r i  F l \ C a l c u l a t i o n s \ H E C -
R A S \ P 0 4  2  8 n e w . 9 0 1

CROSS SECTION

RIVER:  Weber  Creek
REACH:  1

INPUT
n a c . r i  n f  i  ^ h .  1  + 6 ?  n n

R S :  1 6 7  , 0

S t a t i o n  E l e v a t i o n  D a t a  n u m :  1 0
S t a  E l e v  S t a  E l e w  S t a  E . l e v  S t a  E l e v  S t a  E l e v
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- 2

8 . 5

S t a
- 2

- 2 L  . 6
1 0 . 6

Mann ing  I  s
S t a

- 2 r  . 6

B a n k  S t a :

4 8 0  - 2

4 6 8  2 8 . 5

n  V a l u e s
n Va]  Sta

. 0 7 5  - 1 . 5

- 1  . 5  6 . 5

4 6 1  . 8  4 7
4 7 6

num=
n VaL

. 0 4

CROSS SECTION

RIVER:  V{ebe r  Creek
REACH:  1

INPUT
n a q . r  i  n l -  i  ^ n  .  1 + l q  ?

Sta t lon  E leva t ion  Data num:
E . L E V

4 6 6 . 7  4 9
468

n Val
. 0 4

R s :  L 4 9

R S :  1 2 7

S t a  E l e v
- 1 8  4 8 0

6  4 6 6  . 9 5 8
3 6 4 8 0

M a n n i n g ' s  n  V a l u e s
S t a  n  V a I
- 1 8  . 0 7 5

- 2 6

CROSS SECTION

RIVER: Weber Creek
REACH: 1

]NPUT
D e s c r i p t i o n :  L + 2 7 , 1 4
Stat ion Elevat ion Data

S t a  E l e v  S t a
- 1 6 . 8  4  8 0  - 2

1 0  4 6 8  2 r . 2

M a n n i n ^ r e  n  \ / .  1 , , 6 a

S t a  n  V a I  S t a
- 1 6 . 8  . 0 ? 5  - 1  . 5

R r n l  q i r .  T 6 f +  D i ^ h f

- 1 . 5  6 . 5

CROSS SECTION

E.LCI /

46'1 .66 '7
4  6 8  . 5

num=
n Val

. o 4

Lengths

Appendix B-HEC- MS An alyses

4 6 6 . 6  6 . 5  4 6 1  . 4 5 9
4 1 8  A 9 . 3  4 8 0

- 1 . 5  4  6 7 . 5 3 1
3 2  4 7  6 . 5

3
S t a  n  V a l
6 . 5  . 0 7 5

Lef t  Channe 1
r 7  . 7  1 , 7  . 7

1 1
S t a  E l e v

- r . ' 7  4 6 6  . 5
1 5  4 6 9

Right
t 7  . 7

0
3 5

S t a
0

? ?  q

r - ^ a  F f  a ^ n  1 -  r  F v h : h

Elev Sta
4 6 6 . 2  4  . 9
4 ' 7 3 . 5  2 8 . 6

E  l e v
4 6 6  . 5
4 ' 7  4  . 5

3
S t a

6
n Va1

. 0 7 5

Lef t  Channe l -
2 2 . 7 6  2 2 . I 6

C o e f f  C o n t r .
. 1

Right
2 2 . L 6

Expan .
. 3

I 4

8
S t a  E f e v

- 1  . 5  4 6 7  . 2 5
3 4 . 1 -  4 8 0

3
S t a  n  V a l
6 . 5  . 0 7 5

Lef t  Channel
L t  . 4 2  L L  .  4 2

S t a
0

E ; I C V

6 . 5
EIev

4 6 7  . 3

Riqht
r t . 4 2

C o e f f  C o n t r .
. 1

E x p a n .
. 3
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App endix B-H EC- MS Analys es

I N P U T
f i o c a r i  n l -  i  a n .

Stat ion Elevat ion Data num= 9
S t a  E l e v  S t a  E l e w  S t a  E L e v  S t a  E L e v  S t a  E l e v

- 1 6 .  6  4 8 0  - 2  4 6 1  . 2 4 1  - 1 .  s  4 6 6 . 8 1  0  4 6 5 . 5  6 . s  4 6 7  . 0 4 8
8 . 4  4 6 7  . 5  2 ? . 1  4 6 8  2 8 . r  4 7 0 . 5  3 9  4 8 0

M a n n i n g ' s  n  V a l u e s  n u m :  3
Sta n VaI  Sta n Val  Sta n Val

- 1 6 . 6  . 0 7 5  - 1 . 5  . 0 4  6 . 5  . 0 7 s

B a n k  S t a :  L e f  L .  R i g h r  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  E x p a n .
- 1 . 5  6 . 5

CROSS SECTION

RIVER: Weber Cree k
R E A C H :  1  R S : 1 0 7 . 4

INPUT
D e s c r i p t i o n :  1 + 0  7  . 4
S t a t i o n  E l e v a t i o n  D a t a  n u m =  1 3

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v
- 4 5  4 8 9  - 3 6 . 5  4 8 9  - 2 8 . 6  4 8 5  - 2 2 . 3  4 8 5  - 2  4 6 6 . 7 9 4

0  4 6 5  6  4 6 6 . ' 7 2 4  8 . 1  4 6 ' 7  . 5  2 3 . 5  4 6 8  3 6 . 1  4 . 7 3
4 s . 2  4 8 3  4 9 . 6  4 8 5  s 4  4 8 5

M a n n i n g ' s  n  V a l u e s  n u m :  3
Sta n VaI  Sta n Val  Sta n Val
- 4 5  . 0 7 5  - 2  . 0 4  6  . 0 7 5

B a n k  S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  E x p a n .

RIVER: Weber Cree k
REACH: 1 R S :  1 1 5 . 7 2

R S :  9 9 , 1 2 5

8 . 3 2  I  . 3 2  8 . 3 2 . 1  . 3

- 2 6 r o . J f ,  I b . : l )  _ t b - 5 : l . 1  . 3

BRIDGE

RIVER: Weber Cree k
REACH: 1

]NPUT
D e s c r i p t i o n :  E a s t b o u n d  U S 5 0
D. is tance f rom Upstream XS = 1
D e c k / R o a d w a y  W i d t h  =  I 4 . 4
w e f r  u o e  I  t  l c r e n t
Upst ream Deck , /Roadkray  Coord ina tes

Bridge Design Hydraulic Study
US Route 50 Bridges oyer Weber Creek

I 

EIDorado County

Appendix August 2008



t
I
I
I
I
I
t
I
I
t
I
I
I
I
I
I
I
I
I

A ppendix B-HEC RAS Analys es

- 4 Q  . 2  . 0 7 5  - 2

B a n k  S t a :  L e f t  R i g h t
- 2 6

CROSS SECTlON

RfVER: Weber Creek
REACH: 1

INPUT

. 0 4  6

T . a n  d f  h < .  T . a f f

8 . 7
C o e f f  C o n t r .

. 1

E l e v  S t a
4 6 6 . 2  0

4 ' 7 8  5 5 . 1

. 0 ? 5

ChanneL
I  . ' 7

E  l e v

4 6 6  . 5
4 6 8

n Val
. 0 7 5

Ri ght
8 . 7

Expan .
. 3

D e s c r i - p t i o n :  0 + 8 2  .  1 5
Stat ion Elevat ion Data num:

S t a  E L e v  S t a  E l e v
- 4 0  . 2  4 8 8 . 5  - I 4 . ' 7  4 8 0

6  4 6 6 . s 3 9  9 . 7 5  4 6 7 . s

Manning I  s  n Values num:
Sta n Val -  Sta n VaI

- 4 0 . 2  . 0 7 5  - 2  . 0 4

B a n k  S t a :  L e f t  R i g h c  L e n g t h s
- 2 6

BRIDGE

RIVER:  Weber  Creek
REACH:  1

INPUT
D e s c r i p t i o n :  W e s t b o u n d  U S  5 0
Distance f rom Upstream XS =
Deck/Roadway Wid. t .h
W e i r  C o e f f i c i e n t  :  7  . 4 4
Upstream Deck/Roadway Coordinates

num: 2
Sta Hi  Cord Lo Cord

- 7 4 . 6  5 0 1  . 9 4 4  5 0 5 . 2 3 4

R S :  8 2 . 1 5

R S :  7 2 . 5 7

1
t 4  . 4

S t a
- 2

5 1 . 8 7

1 0
S t a

- ?  . 5
2 2  . 3

3
S t a

6

E l e v
4 6 5
4 8 0

J E A  | 1 A  U O T c l

9 2 . 1  s 0 4 . L 9 6
Lo Cord
5 0 1 . 4 8 6

:  Le f t  Channe l
1 9 . 1 6  L 9 . L 6

C o e f f  C o n t r .
. 1

E l e v  S t a
4 6 6 . 2  0

4 7 8  5 5 . 1

Ri  qh t E x p a n .
. 3

E l e v
4 6 5
4 8 0

Upstream Br idge Cross Sect ion Data
S t a t i o n  E l e v a t i o n  D a t a  n u m =  1 0

S t a  E l e v  S t a  E l - e v  S t a
- 4 0  . 2  4 8 8 .  s  - 1 4 . 1  4 8 0  - 2 . 5

6  4 6 6 . 5 3 9  9 . 1 5  4 6 7 . 5  2 2 . 3

Manni-ng 's  n Vafues num: 3
S t a  n  V a l  S t a  n  V a l  S t a

- 4 0  . 2  . 0 7 5  - 2  . 0 4  6

B a n k  S t a :  L e f t  R i g h t  C o e f f  C o n t r .

ELev
4 6 6  . 5

468

n Val
. 0 ? 5

Expan ,

S t a
- 2

5 1 . 8 7
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Append ix B-H EC- MS A nalys *

- 2 6 . 1  . 3

I  D o w n s t r e a m  D e c k / R o a d w a y  C o o r d i n a t e s

I num= 2
Sta Hi  Co.rd Lo Cord Sta Hi  Cord Lo Cord

- 8 4 . 3  s 0 ? . 9 4 4  5 0 5 . 2 3 4  8 2 . 8  s 0 4 . 1 9 6  5 0 1 . 4 8 6

!  Downstream Br idqe Cross Sect ion Data
Stat ion Elevat ion Oat .a num= t3

t  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E i e v  S t a  E l e v
!  - 5 0  4 8 9 . 5  - 4 3 . 9  4 8 9 . 5  - 1 , 1  . 2  4 8 2 . 5  - 1 .  s  4 6 8 . 3 5 2  - 7  4 6 7  . 9 o r

0  4 6 ' 7  3 . 8  4 6 ' 7  . 5  ' 7  4 6 ' t  . ' 7 Q 8  1 1 . 5  4 6 8  r 9 . 2  4 6 9 . s
r  2 9 . 1  4 ' 7 2 . 5  4 2 . 8  4 ' t 4  5 0 . 8  4 8 0
I

M a n n i n g r s  n  V a l u e s  n u m =  3
I  Sta n Val  Sta n Val  Sta n Val

I  
- s 0  . 0 7 s  - 1  . 0 4  7  . 0 7 5

I  
B a n k  S t a :  L e f t  R i g h t  c o e f f  C o n t r .  t * O : l  .

T
U p s t r e a m  E m b a n k m e n t  s i d e  s l o p e  :  0  h o r i z .  t o  1 . 0  v e r t i c a l

I  D o w n s t r e a m  E m b a n k m e n t  s i d e  s l o p e  =  0  h o r i z .  t o  1 . 0  v e r c i c a l
I  M a x i m u m  a l l o w a b l e  s u b m e r g e n c e  f o r  w e i r  f l o w  =  . 9 5

E l e v a t i o n  a t  w h i c h  w e i r  f l o w  b e g i n s

I  E n e . r g y  h e a d  u s e d  i n  s p i l l w a y  d e s i g n
t  S p i l l w a y  h e i g h c  u s e d  i n  d e s i g n

h l e i r  c r e s t  s h a p e  =  B r o a d  C r e s t e d

I  Number of  P iers :  3

P i  o r  n . f  :

I  P i e r  S t a t i o n  U p s t r e a m =  - 3 2 . ' 7 6  D o w n s t r e a m =  - 4 2 . 5 9
r Ups t.ream num= 2

Width EIew Width Elev
I  6 . 4 5  o  6 . 4 s  s o 6
l !  Downstream num= 2

Width Elev Width Elev
I  6 . 4 5  0  6 . 4 5  5 0 6
I

P-Ler  Da ta

I  P i e r  S t a t i o n  U p s t r e a m =  9  D o w n s t r e a m :  - . 8 3

I  Upstream num= 2
Width E.Lev Width Elev
6 . 4 5  0  6 . 4 s  5 0 6

t  Downstream num= 2
I  width EIev wi-dth Elev

6 . 4 s  0  6 . 4 5  5 0 6

P i e r  D a t a
P i e r  S t a t i o n  U p s t r e a m =  5 0 . ? 6  D o w n s t r e a m =  4 0 . 9 3
Upstream num= 2

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Cr€ek

I 

El Dorado County

App€ndix August 2008



I Appendix B-HEC-MS Analyses

t  Width El -ev Width Elev
6 . 4 5  0  6 . 4 5  5 0 6

r  Downstream num: 2
t  Width EIev Width Elevt '  

6 . 4 5  o  6 . 4 5  5 0 6

I  Number of  Br idqe Coef f ic ient  Sets = 1-
I

l ,ow Flow Methods and Data
I  Energy
I  Selected Low FIow Methods :  Highest  Energy Answer

I  High Flow Method
f  Energy Only

I  Addi t ional -  Br idge Paramete.rs

I  Add Fr ic t ion component  to  Momentum
Do not  add Weight  component  to  Momentum

I  C f a s s  B  f l o w  c r i t i c a l  d e p t h  c o m p u t a t i o n s  u s e  c r i t i c a l  d e p t h

I  i n s i d e  t h e  b r i d g e  a t  t h e  u p s t r e a m  e n d
r  C r i t e . r i a  r o  c h e c k  f o r  p r e s s u r e  f l o w  =  U p s t r e a m  e n e r g y  g r a d e  l i n e

I  cRoss sEcrroN
I

I  R rvER:  weber  c reek
I  R E A C H :  1  R S : 6 2 . 9 9

I  INPUT
I  D e s c r j - p t i o n :  Q + 6 2  . 9 9

Stat ion Elevat ion Data num= 13

r  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l , e v
I  - 5 0  4 9 9 . 5  - 4 3 . 9  4 8 9 . 5  - r " t  . 2  4 8 2 . 5  - 1 . 5  4 6 8 . 3 5 2  - r  4 6 : ,  . g l j -

0  4 6 ' 7  3 . 8  4 6 ' 7  . 5  7  4 6 7  . ' 7 Q 8  1 1 . 5  4 6 8  L 9  . 2  4 6 9 . 5
2 9 . 7  4 7 2 . 5  4 2 . 8  4 ' 7 4  5 0 . 8  4 8 0

!  M a n n i n g r s  n  V a l u e s  n u m =  3
Sta n VaI  Sta n Va1 Sta n VaL

t  - s o  . o 7 s  - 1  . 0 4  ' t  . o ' l s
I

B a n k  S t a :  L e f L  R i q h l  L e n g t h s :  L e f t  C h a n n e f  R i g h t  C o e f f  C o n t r .  E x p a n .
r  - 1  ' 7  2 0 . 2 4  2 0 . 2 4  2 0 . 2 4  . 1  . 3

I
CROSS SECTION

RIVER:  Weber  Creek
REACH:  1

INPUT
D e s c r i p t i o n :  0 + 4 2 . ' 7 5

I
t
I

R S :  4 2 . 7 5

Stat ion Elevat lon Data num: 11

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Creek
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I
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T
t
T
I
T
T
t
t

Appendix B-H E C- MS An alys es

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v
- 1 4 . 1  4 8 0  - 2  4 6 8 . 4 L 5  - 1 . 5  4 6 ? . 9 3 6  0  4 6 6 . 5  4  4 6 7 . 5

6 . 5  4 6 " 7  . 7 r 2  9 . 9  4 6 8  2 3 . 4  4 6 9  3 6 . 1 "  4 ' t 2 . 5  4 4 . 5  4 ' 1  A
5 1 . 1  4 8 0

M a n n i n g r s  n  V a l u e s  n u m :  3
Sta n Val  Sta n Val  Sta n Val

- r A . L  . 0 7 5  - 1 . 5  . 0 4  6 . 5  . 0 7 5

B a n k  S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  C h a n n e l  R i g h t  C o e f f  C o n t r .  E x p a n .
- 1  . 5  6 . 5

CROSS SECTION

R I V E R :  W e b e r  C r e e k
R E A C H :  1  R S :  1 0 . 9 5

INPUT

S t a t i o n  E l e v a t i o n  D a t a  n u m =  1 3
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E L e v  S t a  E l e v

- 3 0 . 2  4 8 0  - 5  4 6 6 . 7 6 3  - 4 . 5  4 6 6 . 5  - 4  4 6 6 . 4 7 8  0  4 6 6 . 3
4  4 6 6 . 4 5 4  4 . 5  4 6 6 . 4 7 3  5  4 6 6 . 4 9 2  s . 2  4 6 6 . 5  9 . 6  4 6 8

1 9 . 5  4 6 8 . s  2 9 . 2  4 7 0 . 5  4 5 . 4  4 8 0

M a n n i n g ' s  n  V a l u e s  n u m :  3
Sta n Val  Sta n Val  Sta n Va1

- 3 0 . 2  . 0 7 5  - 4 . 5  . 0 4  4 . 5  . 0 7 5

R A n k  S l - : .  T . a f l -  R i d h j -  T , a n . r f  h e .  L F f I  r ' h A n n a l  R i d h l -  c ^ a F €  a ^ r f r  E ' v n . hr \ f  Y r r L  .  ! ^ P o r r .
- 4 . 5  4 . 5

CROSS SE'CT ION

RIVER: Weber Creek
R E A C H :  1  R S :  0

INPUT
n a < ^ r i  ^ l -  i  ^ h  .  n t n n

Stat ion Elevat ion Data num= L2
S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E L e w  S t a  E l e v

- 3 5 . 7  4 8 0  - 2 8 . 3  4 ' 7 6  - 2 4 . 4  4 7 5  - 8 . 5  4 6 6 . s  - 6  4 6 6
0  4 6 5 . " 7  3 . 3  4 6 6  8 . 2  4 6 6 . 5  L ' 7 . 5  4 6 8 . 5  2 1  . 2  4 6 9

3 3  .  1  4 7 0  . 5  5 0  . 3  4 8 0

Manningrs n Values num= 3
Sta n VaI  Sta n Val  Sta n VaI

- 3 5 . 7  . 0 7 s  - 6  . 0 4  3 . 3  . 0 7 5

R , a n k  q r ^ .  T a f  l -  p i ^ h F  a ^ a + +  a ^ n f r  F v r.  - . . - . Jan .

3 1 . 8  3 1 . 8  3 r - . 8 . 1  . 3

1 0 . 9 s  1 0 . 9 5  1 0 . 9 5 . 1  . 3

Bridg€ Design Hydraulic Study
US Route 50 B dges over Weber Creek
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I
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I
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Append ix B-HEC- M S Analy es

. ' - - f . 3

SUMMARY OF MANNING'S N VA],UES

R i v e r : W e b e r  C r e e k

Reach

SUMMARY OF REACH I,ENGTHS

R i v e r :  W e b e r  C r e e k

Reach

R i v e r  S t a .

1 6 7  . 0
1 4 9 . 3
L 2 ' 7  .  L 4
I L 5  . 7  2
1,O1 .  4
9 9  .  t 2 5
9 0 . 8 s
8 2 . 1 5
' 1 2  .  5 7
6 2  . 9 9
4 2  . ' 7  5
1 0 . 9 5
0

' n 1

. 0 7 5

. 0 7 5

. 0 7 s

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 ? 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 4

. 0 4

. 0 4

. 0 4

. 0 4

. 0 4

. Q 4

. o 4

. 0 4

. 0 4

. 0 4

Channe I

r 7  . ' 7
2 2  . 7 6
L1-  .  42

8 . 3 2
1 6 . 5 5

8 . 1
r _ 9 . 1 6

2 0 . 2 4
3 1 . 8

1 0 . 9 5

. 0 7 5

. o ' 7 5

. 0 7 5

. 0 ? 5

. 0 ? 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

. 0 7 5

1 7  . 7
2 2 . L 6
I I  . 4 2

8 . 3 2
1 6 . 5 5

I  . ' 7
1 9 . 1 6

2 0  . 2 4
3 1 . 8

r " 0 . 9 5

R i v e r  S t a .

L 6 7  . 0
1 4 9 . 3
) ,2 '7  .  ) ,4
1 " L 5  . 7  2
1 0 7 . 4
9 9  - 7 2 5
9 0 . 8 s
8 2  . 1 - 5
7 2 . 5 1
6 2  . 9 9
4 2 . 7 5
1 0 . 9 5
0

L e  f t

L 7  . 7
2 2 . t 6
L I  . 4 2

I  . 3 2
1 6 . 5 s

I  - ' 7
1 9 . 1 6

2 0  . 2 4
3 1 . 8

1 0 . 9 5

I
I

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
R i v e r :  W e b e r  C r e e k

Bridge Design Hydraulic Study
US Route 50 Bridges over Weber Creek
El Dorado CountyI

Appendix August 2008



1
1
1
I
1
1
1
1
1
1
1
1
L

t
I

I

Appendix B-H EC-MS Analys es

I
I

Reach R i v e r  S t a .

1 6 7  . 0
L 4 9  . 3
L 2 7  .  L 4
L L 5  . 1  2
r0'7 . 4
9 9  . 1 , 2 5
9 0 . 8 5
8 2 . 1 5
7 2 . 5 7
6 2  . 9 9
4 2 . 1 5
1 0 . 9 s
0

Expan .  .

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

. 3

C o n t r .

. 1

. 1

. 1

. 1

. 1

, 1
. 1

. 1

. 1

. 1

. 1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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E.G. US. 471.O4 Elgmant Insld6 BR US lnsido BR DS
W.S. US. (m 470.73 E.G. El6v (n) 471.05 470.91
Q Total 209.00 W.S. Elev (m) 470.49 470.29
O Bridge (m3/s) 209.00 Crlt W.S. (m) 469.87 469.77
Q Weir (m3/s) Max Chl Dpth (m) 5.49 5.29
Weir Sta Lft (m) Vel Total (m/s) 2.74
Weir Sta Rgt (m) Flow Area (m2) 78.47 76.24

lry![llrnes Froude # Chl 0.61
Weir Max Depth (m) Specil Force (m3) '195.86 194.20
Min El Weir Flow (m) 505.08 Hydr Dspth (m)
Min El Prs (m) 504.68 W.P. Total (m) 39.98 39.09
Delta EG 0.24 Conv. Total (m3/s) 2203.7 2143.1
Delta WS (m) Iop Wldth (m) 28.80
BR OpeD Area {m2) 2167.70 Frctn Loss (m) 0 .13 0.01
8R Open Vel (m/s) 2.74 C & E L o s s ( m ) 0.01 0.07
CoefofO Shear Total (N/m2) 174.00 142.03
Br Sel Method Energy only Power Total (N/m s 46'1.08 498.73

_8.9. u! Iq) 470.81 Element Inslde BR uS Instd€t BH us

W.S. US. (m 470.35 E.G. Elev (m) 470.74 472 .10

S_IeleL(mqq)-. 209.00 W.S. Elev (m) 469.59 471.02
q r4qse(r!{il 209.00 Cdt W.S. (m) 469.59 471.02
qW-eir1aq1!) lilax Chl Dpth (m) 4.59 3.71
W€ir Sta Lft (m) Vsl Total {m/s) 3.60 4.02

ry!L9,!e,Ec!1!r) Flow Ar6a (m2) 57.99 5'1.96
wgir rglqorg Froude # Chl 0.86 1.00
Wslr Max D€pth (m) Specif Forco (m3) 180.39 166.96
Min El Weir Flow (m) 505.04 Hydr Depth (m) 2.24 2.30
Mln EI Pr_s (!) 504.46 W.P. Total (m) 33.20 27.16
!9!tq EG 1C,) 1 . 1 4 Conv. Total (m3/s) 1882.2 1379.6
Dglta-ry!!! , _ 0.21 Iop Width (m) 25.85 22.55
BR Open Area (m2) 2151.54 Frctn Loss (m) o.24
BR 4.O2 C & E L o s s ( m ) 0,02
Coefof Q Shoar Total (N/m2) 211.16 430.57
Br Sel Mothod Energy only Power Total (N/m s) 76r.05 1731.80
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Weber Creek Bridge Plan: 1) Proposed 8l25l2OO8
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I Appendix C- Scour Analysis Calculations

I HEC-RAS Scow Oatput

I Hydraulic Design Data - Pier 3R

I 
Contraction Scour

Left Channel Right
- Input Data
I Average Depth (m): 1.95 4.46 2.60
- Approach Velocity (m/s): 0.94 3.49 1.34

Br Average Depth (m): 1.85 4.86 2.25
I BR Opening Flow (m3/s): 11.93 107.04 90.02
f BR Top WD (m): 4.12 5.20 20.44

Grain Size D50 (mm): 0.80 0.80 0.80
I Approach Flow (m3ls): 8.16 124.56 '16.28

I Approach Top WD (m): 4.47 8.00 21.84
Ki Coefficient: 0.690 0.690 0.690

I Results
I Scour Depth Ys (m): 1.01 0.41 0.89

Critical Velocity (m/s): 0.64 0.74 0.67
I Equation: Live Live Live

I
rler bcour

I All piers have the same scour deptb

I 
t"o$,?r"!1"0., 

Round nose
Pier Width (m): 6.45

I Grain Size o5b (mm): 0.80000
I Depth Upstream (m): 5.67

Velocity Upstream (rlls): 3.71.
I Kl Nose Shape: 1.00
t Pier Angle: 10.00

Pier Length (m): 14.40
I K2 Angle Coef: 1.33
t K3 Bed Cond Coef : 1.10

Grain Size D90 (mm): 2.00000
I K4 Armouring Coef: 1.00
I SetKl value to 1.0 because angle > 5 degrees
t Kesults
r Scour Depth Ys (m): 13.35
I Froude #: 0.50
I Equation: CSU equation

-

I Combined Scour Depths

I Pier Scour + Contraction Scour (m):
I Left Bank: 14.36

Right Bank: 14.24

t
I Bridg€ Design Hydraulic Study

US Route 50 Bddges over Weber Creek

I 
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I Appendix C- Scour Analysis Calcttlatiow

t Hydraulic Design Data - Pier 3L
Contraction Scour

Left Channel Right
I Input Data

Average Depth (m): 2.29 437 2.48
r Approach Velocity (m/s): 0.89 3.41 1.20
I Br Average Depth (m): 1.80 3.89 1.48

BR Opening Flow (m3/s): 10.21 160.72 38.07
BR Top WD (m): 3.29 7.78 14.78

I crain Size oiO imm): 0.80 0.80 0.80
! Approach Flow (m3/s): 8.19 130.12 70.70

Approach Top WD (m): 3.99 8.00 23.77
I Kl Coefficient: 0.690 0.690 0.690
I Results

Scour Depth Ys (m): 1.36 1.94 0.55
I Critical Velocity (m/s): 0.66 0.74 0.67
I Equation: Live Live Live

- Pier Scour

I All piers have the same scour depth
lnnut Lrata

I Pier Shape: Round nose
I Pier Width (m): 6.45

Grain Size D50 (mm): 0.80000
Depth Upstream (m): 5.30

I Veiocity Upstream (m/s): 4.04
I K1 Nose Shaoe: 1.00

Pier Angle: 10.00
I Pier Length (m); 14.40
I K2 Angle Coef: 1.33

K3 BeJ Cond Coef: l.l0
I Grain Size D90 (mm): 2.00000
I K4 Armouring Coef: 1.00

Set Kl value to 1.0 because angle > 5 degrees
- Results
I Scour Depth Ys (m): 1.3.73r 

Froude #: 0.56
I Equation: CSU equation

I
Combined Scour Deoths

t Pier Scour * Contraction Scour (m):
LeftBank: 15.09

I Right Bank: 14.28
I

I
I Bridge Design Hydraulic Study

US Route 50 Bridges over Weber Creek
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I AppendLr C- Scour Analysis Calculatiow

I Local Pier Scour - To determine pier scour, an equation based on the CSU equation is recommended
within the HEC-18 manual for both live-bed and clear-water scour. The equation predicts maximum pier

I scour depths. The equation is:

I 
,. \ o.6s

v  I  n l
! : 2 . 0  K tKzKrKo l  L  I  F roo t

I Yr \Ir/

I where: Y" = Scour depth, m
L = Flow depth directly upstream ofthe pier, m

t K1 : Coefficient factor for pier nose shape (from HEC-18)

I K2 = Coefficient factor for angle of attack of flow (from HEC-18)
K3 : Correction factor for bed condition (from HEC-18)

I K4 : Conection factor for armoring by bed material size (ftom HEC-18)
I a = Pier width, m

Vr : Mean velocity offlow directly upstream of the pier
Fr = Froude number directly upstream of the pier: V,/(SY)ot

I After using HEC-RAS to analyze the flow at the proposed US 50 Route Bridges over Weber Creek, the
factors in the above equation were determined to be:

I Foar -Span Replacement
Pier 3R

I Yt - 5.67 m (from HEC-RAS)
I K1 = 1.0 (for mund nose pier shape) (from HEC-18)

K2 : | .33 (for angle of attack = l0 degrees) (from HEC-RAS)
I K3 : l.l (for clear-water scour) (from HEC-18)

I  
Ka :1.0-( f romHEC-18)
d  = b . 4 f  m
I;". = 0.50 (from HEC-RAS)

I
I The Pier scour, calculated using the CSU equation is:

t
I
T

I
I

J'- = z.o(r.0tr:rXr. rXr.o{fr)' 
u' 
{o.roy.,

Y"= 13.35 ft

I 

Pier 3L 
" :5.30 m (from HEC-RAS)
K1 = 1.0 (for round nose pier shape) (from HEC-I8)
K2 = 1.33 (for angle of attack = 10 degrees) (from HEC-RAS)
K3 = 1.1 (for clear-water scour) (from HEC-I8)
K4 - 1.0 (from HEC-18)
a  : 6 . 4 5 m

Frt = 0.56 (from HEC-RAS)

The Pier scour, calculated using the CSU equation is:

I 

EI Dorado County
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I
I
I
I

Appendk C- Seour Analysis Calculations

(o.so)no'

Y"= 13.73 m

Clearllater Contraetion Scour - Contraction scour typically occurs where the bridges opening is

l f f i u p s t r e a m c h a n n e l a n d / o i f l o o d p l a i n . C | e a r - W a t e r c o n t r a c t i o n s c o u r
I occurs when there is liftle or no transport of bed material. Also use a Clear-Water Contraction Scour

Equation if transported material is mostly suspended and will be washed through the contracted section
I reach. The Laursen's Clear-Water Contraction Scour Equation can be used:
I

t' ,. ^z \!7
I  K ' 'A -  

|r  v,=lDfr ,  )
-

r where: 12 : Average equilibrium depth in the contracted section (after scour)
D^ - 1.25>tDn

I Q, = Flow in the upstream channel transporting sediment
I O : Flow in the contracted channel

W : Bottom width ofthe contracted section (minus pier widths)
I Ku : Exponent: 0.025 SI units, 0.0077 English Units (from HEC-18)
I

Live-Bed Confiaction Scour - Contraction scour typically occurs where the bridges opening is smaller
I than the flow area of the upstream channel and/or flood plain. Live-bed contraction scour occurs when
I there is transport of bed material in the upstream reach into the bridges cross section. With live bed

contraction scour, the area of the contracted section increases until, in the limit, the transport of sediment
I out of the contracted section equals the sediment transported in. The modified Laursen's Live-Bed

I Contraction Scour Equation can be used:

Y, : Yr -Yo

4 = z.o(l.oyr.r:yr.ryr.of 6'4s)nu'
5.30 ' � [s.30/

t  " 61 ' l  t  " k ,

Y ,  _ f  Q ,  I  l w , I
T- la, ) 1,ry, )

I
I
I

I
I

I where. Y2 : Average depth in the contracted section (after scour)
I Y1 = Average depth in the upstream main channel

y. : Existing depth in the contracted section
Q, = Flow in the upstream charmel transporting sediment
Qt = Flow in the contracted channel
171 = Bottom width of the upstream main channel
W2 = Bottom width of the contracted section (minus pier widths)
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I

I Appendlr C- Scour Analysis Calaiations

I
The critical velocity equation is applied to determine whether Clear Water Contraction Scour or Live Bed

I Contraction Scour is occurring. Ifthe flow velocity at the site is greater than the critical velocity, based

t :l*;r..ffL:*icle 
size present at the site, then the Live Bed Contraction Scour equation is used to

Vc: KuYttuDttt

I where. I/6 : Critical velocity above which bed material of size D and smaller will be
I hansported, m/s (ff:/s)

Average depth offlow upstream of the bridges, m (ftom HEC-RAS)
I D : Particle size for Vs, m

I Ku :Exponent: 6.19 (from HEC-18)

I Four-Span Replacement

t Pier 3R

- y :4.46 m (from IIEC-RAS)

I  
D  =0 .0008m

The Critical velocity is:

I v c -- 6. I s(4.4 6)Y6(0. o oo a)l

I Yc:0.74 m/s

I After using HEC-RAS to analyze the flow at Pier 3R, it is determined that Live-Bed Contraction Scour is

I 
occurring. The factors for Laursen's Live-Bed Contraction Scour Equation were determined to be:

v, = 4.86 m
I  Y t  =4 .46m
I Qt = 124 56 m3ls

O, = 107.04 m'ls
I  w,  =8.oom
I  Wt :5.20 m

K1 :0 '69

I The live-bed contraction scour calculated using Laurcen's Equation is:

I
I
I
I

Y, (tot.oq\% ( s.oo\oon
i.46=lrr4,s6) lr;n)

Yz: 5 '27 m

Ys= 6.27 - 4.86) m

Ys = 0'41 m

I 
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I
t Pier 3L

Appendix C- Scour Analysis Calculations

I
I

/ :4.77 m (from HEC-RAS)
D :0.0008 m

The Critical velocity is:

r Y. = 3.89 m
I Yr :4.77 m
t 

Qt = 130.12 m3/s
Qt : 160'72 m3ls

I  l v t  : 8 o o m
I Wz = 718 m

K 1  = 0 6 9

I The live-bed contraction scour calculated using Laursen's Equation is:

I v, (rco.tz\%(s.oo\ou'
- = t _  |  t _ l

4.77 [ iro.rzi Iz.zal

I  Yz= 5.83 m

Ys: (s.83 _ 3.89) m

t 
Ys= 1'94 m

Lons Term Bed Elevation Change (long+erm scour) - Long-term bed elevation change is the hend ofa
r€ach of stream bed to degrade or aggrade. The purpose of the evaluation is to estimate the changes that

I will occur during the life ofthe structure. A long-term trend may change during the lif'e of the bridges.
I These long{erm changes are the result of modifications to the stream or watershed. Such changes may be

a result of natural processes or human activities. The equation for evaluating long-term bed change is:

I  
^ - E ' - E '

r '  - . 4. ^ 1 . . 2

where: A : long-term bed elevation change per year (fVyr)
E1 = bed elevation in year x (ft)

I
t
I

v c : 6.ts(4.'t 1)Y6(o.oooa)X

I Vc = o'74 mls

I After using HEC-RAS to analyze the flow at Pier 3R, it is determined that Live-Bed Contraction Scour is
I occtming. The factors for Laursen's Live-Bed Contraction Scour Equation were determined to be:

Bridge Design Hydraulic Study
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I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

Appendk C- Scoui' Analysis Calculations

E2 : bed elevation in year y (t)
A1 = year t
A2 = yeffy

Field observations by Quincy Engineerin, Inc. did not indicate severe creek bed degradation. The long-
term bed elevation change is assumed to be negligible.
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Appendix D-Draft Bridge Plans

APPENDIXI)

Draft Bridge plans
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