Example 9 Mixed Flow Analysis

EXAMPLE 9

Mixed Flow Analysis

Purpose

This example demonstrates the analysis of a river reach that contains both
subcritical and supercritical flow. This mixed flow problem is caused by a
bridge structure that constricts supercritical flow, creating a backwater effect
and causing subcritical flow immediately upstream from the bridge.

The discussion of this example will focus on the analysis of the mixed flow
regime. Additionally, the bridge structure was analyzed using both the
energy method and the pressure flow method. The results of these methods
are then compared. For a more detailed discussion on bridge analyses, the
user is referred to chapter 6 of the User’s Manual and to chapter 5 of the
Hydraulic Reference Manual.

To review the data files for this example, from the main program window
select File and then Open Project. Select the project labeled “Mixed Flow -
Example 9.” This will open the project and activate the following files:

Plan: “Putah Creek Bridge”
Geometry: “Base Geometry Data - Energy”
Flow: “100 Year Discharge”

Geometric Data

The geometric data for this example consists of the river system schematic,
the cross section data, the locations of the cross sections, and the bridge data.
Each of these components is discussed below.

River System Schematic

To view the river system schematic, from the main program window select
Edit and then Geometric Data. This will activate the Geometric Data
Editor and display the schematic, as shown in Figure 9.1. The schematic
shows the layout of a section of Putah Creek, which consists of 20 cross
sections. Cross section 12 is the upstream river station and cross section

1 is the downstream river station. Additionally, a bridge was located at river
station 7 and will be discussed in a subsequent section.
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Figure 9.1 Putah Creek River System Schematic

Cross Section Data

The data for each cross section is comprised of : a description, the X-Y
coordinates, downstream reach lengths, Manning’s n values, main channel
bank stations, and the expansion and contraction coefficients. The data used
for this example can be viewed by selecting the Cross Section icon on the
Geometric Data Editor (Figure 9.1). It should be noted that the whole
number cross sections were obtained from field data and the cross sections
with an * were interpolated. This will be discussed in the following section.

Location of the Cross Sections

The location of the cross sections in relation to a bridge are crucial for the
accurate calculation of the expansion and contraction losses. The bridge
routine utilizes four cross sections, two upstream and two downstream from
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the structure, to determine the energy losses through the structure. The
modeler is referred to chapter 6 of the User’s Manual and chapter 5 of the
Hydraulic Reference Manual for additional discussion on the location of
cross sections and for modeling bridges.

For this example, the flow used for this analysis will remain in the main
channel during the event. Additionally, there is only one pier for the bridge
and the cross sections in the vicinity of the bridge do not reflect major
changes in geometry. Therefore, there is no major expansion or contraction
losses occurring in the vicinity of the bridge.

Since the flow in the main channel is supercritical, the cross sections were
placed close together to more accurately calculate the energy losses along the
channel. The cross-section data from the field survey were 100 feet apart.
These data were entered and then additional cross sections were interpolated
at 50 feet intervals. This was performed from within the Geometric Data
Editor by selecting Tools, XS Interpolation, and then Within a Reach.
This activated the XS Interpolation by Reach Window as shown in Figure
9.2.

X5 Interpolation by Reach

River: IF'utah Creek, j
Reach: IF'utah Creek, j
|lpzstream Riv Sta: 12 -

Downztream Riv Sta: |1 TI
b awimum Distance bebween =5's: IEEI

Delete Interpolated =5°% I |nterpolate #5's |

Cloze I Help |

[Enter max distance between interp =5z,

Figure 9.2 Cross Section Interpolation by Reach Window

To perform the interpolation, the reach of Putah Creek and the starting and
ending river stations of 12 and 1 were selected as shown in Figure 9.2. Then,
a maximum distance of 50 feet was entered and the Interpolate XS’s button
was selected. This created the interpolated cross sections along the entire
river reach. After the interpolation, each interpolated cross section was
reviewed to determine the adequacy of the interpolation. For additional
discussion on cross section interpolation, the user is referred to chapter 6 of
the User’s Manual and to chapter 4 of the Hydraulic Reference Manual.

As a final review of the cross section locations, from the Geometric Data
Editor select Tables and then Reach Lengths. This will activate the Reach
Lengths Table as shown in Figure 9.3. As can be seen in the table, the final
channel reach lengths are 50 feet for each cross section, except through the
bridge.
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Figure 9.3 Reach Lengths Table for Puta Creek

Bridge Data

To enter the bridge data for this example, first the deck/roadway data, then
the pier data, and finally the bridge modeling approach data were entered.
These components are described in the following sections.

Deck/Roadway Data. From the Geometric Data Editor, select the
Bridge/Culvert icon. This will activate the Bridge/Culvert Data Window.
Then select the Deck/Roadway icon on the left side of the window. This will
activate the Deck/Roadway Data Editor as shown in Figure 9.4.

As shown in the Figure 9.4, the first item on the top row of the editor is the
distance from the river station immediately upstream of the bridge (river
station 8) to the upstream side of the bridge. For this example, this distance
was set at 10 feet. The next item is the width of the deck/roadway and this
distance was 90 feet. The program will then add the 10 feet and the 90 feet to
obtain 100 feet as the distance from the river station 8§ to the downstream side
of the bridge. From the Reach Lengths Table, it can be seen that the
distance from river station 8 to river station 6 was 110 feet. Therefore, the
program will allow for 10 feet of distance from the downstream side of the
bridge to river station 6 (the river station located immediately downstream of
the bridge). The last item on the top row of the editor is the weir coefficient,
which was set at 2.9.
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Figure 9.4 Deck/Roadway Data Editor

The central portion of the editor consists of the station and elevation data for
the low and high cords of the deck/roadway. These values were entered as
shown. Finally, the bottom portion of the editor consists of the data entry for
the weir flow calculations. For this example, weir flow did not occur and this
data will not be emphasized. For additional discussion on the deck/roadway
data, the user is referred to example 2 for bridges and to example 3 for
culverts. The OK button was then selected to exit the editor.

Pier Data. To enter the pier data, the Pier icon was selected from the
Bridge/Culvert Data Editor. This activated the Pier Data Editor. For this
example, the bridge geometry consisted of only one pier located at a
centerline station of 150 and a width of 8 feet. This data was entered and then
the editor was closed. This concluded the input of the bridge geometry and
the bridge appeared in the Bridge/Culvert Data Editor as shown in Figure
9.5.

As a final note for the bridge geometry, there were no ineffective flow areas
defined for the analysis. This was due to the fact that the flow for the analysis
remained in the main channel and the bridge geometry did not create any
appreciable ineffective flow areas. This will become more apparent during
the review of the output.
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Figure 9.5 Bridge/Culvert Data Editor

Bridge Modeling Approach. The final component of the geometric data is
the entering of the coefficients for the bridge analysis. This was performed
by selecting the Bridge Modeling Approach icon on the Bridge/Culvert
Data Editor. This activated the Bridge Modeling Approach Editor as
shown in Figure 9.6.

The first selection is the low flow computation methods. For this example,
the energy and momentum methods were selected. Then, the Highest Energy
Answer field was selected. This will inform the program to use the greater
answer of the energy and the momentum methods for the final solution of the
low flow analysis. The next selection was the method for the high flow
analysis. For this simulation, the energy method was selected. (A subsequent
analysis was performed with the pressure/weir method and will be discussed
later.)
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Figure 9.6 Bridge Modeling Approach Editor for Energy Method
Analysis

This concluded the geometric input for the analysis and the data was then
saved as “Base Geometry Data - Energy.” Next, the steady flow data were
entered for the simulation.

Steady Flow Data

To enter the steady flow data, first the profile data and then the boundary
conditions were entered. These data components are discussed below.

Profile Data

To enter the steady flow profile data, from the main program window Edit
and then Steady Flow Data were selected. This activated the Steady Flow
Data Editor as shown in Figure 9.7. On the top row of the editor, the
number of profiles was chosen to be one. When this number was entered, the
table portion of the editor adjusted for this number of profiles. Then, the 100-
year flow rate of 3200 cfs was entered at the upstream end of the river reach;
there were no flow change locations. Finally, the boundary conditions were
entered.
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Figure 9.7 Steady Flow Data for Puta Creek

Boundary Conditions

To enter the boundary conditions, the Boundary Conditions icon was
selected from the Steady Flow Data Editor (Figure 9.7). This activated the
Boundary Conditions Data Editor as shown in Figure 9.8. Since the flow
through the river reach is supercritical, the analysis will be performed in the
mixed flow regime. This will allow for the computations of both subcritical
and supercritical flow profiles, if they are found to occur. Therefore, the user
must enter both an upstream and a downstream boundary condition. As can
be seen in Figure 9.8, a Normal Depth upstream boundary condition was
selected with a slope of 0.01 ft/ft. Additionally, a downstream boundary
condition was selected as Critical Depth. The selection of these boundary
conditions will be discussed in the analysis of the output. For additional
discussion on boundary conditions, the modeler is referred to chapter 7 of the
User’s Manual. At this point, the flow data was saved as “100 Year
Discharge.”
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Figure 9.8 Steady Flow Boundary Conditions

Steady Flow Analysis

After all of the geometric and steady flow data were entered, the steady flow
analysis was performed. This was accomplished by selecting from the main
menu Run and then Steady Flow Analysis. This activated the Steady Flow
Analysis Window as shown in Figure 9.9.

As shown in Figure 9.9, first a Short ID was entered as “Energy.” Then the
geometry file “Base Geometry Data - Energy” and the steady flow file “100
Year Discharge” were selected by using the down arrows on the right side of
the window. (Note: The selection of these files was not necessary since there
existed only one geometry file and only one flow file at this time.) Then the
Flow Regime was selected as “Mixed” and the information was saved as a
plan by selecting File and then Save Plan As. The title “Putah Creek Bridge
- Energy” was entered and the OK button was selected. Then this plan title
appeared at the top of the steady flow window (as well as on the main
program window). Finally, the COMPUTE button was selected to perform
the analysis.
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Review of Output for Energy Analysis
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The modeler can review the output in both graphical and in tabular form. For
this analysis, first the water surface profile was plotted and then the profile
table and the cross section table for the bridge were reviewed.

Water Surface Profile

To view the water surface profile, from the main program window select
View and then Water Surface Profiles. This will display the profile as
shown in Figure 9.10. The profile shows the energy gradeline, the water
surface, and the critical depth for the flow of 3200 cfs (the only flow for this
example).

To perform the mixed flow analysis, the program will first compute a
subcritical flow profile for the entire river reach starting at the downstream
river station. The program will flag any location that defaulted to critical
depth. Next, the program will perform a supercritical analysis for the river
reach starting at the upstream river station. During this phase, the program
will compare the specific force for the supercritical flow to the specific force
for the subcritical flow at any river station that has a valid answer in both
flow regimes. The flow regime with the greater specific force will control at
that river station. For a further discussion on mixed flow analysis, the user is
referred to the section “Mixed Flow Regime Calculations” in chapter 4 of the
Hydraulic Reference Manual.

For this example, it can be seen in Figure 9.10 that the flow is supercritical at
the upstream end of the river reach because the water surface is below the
critical depth line. This was determined by comparing the specific force of
the user defined upstream normal depth boundary condition with the
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subcritical flow answer. The program had determined that the specific force
of the supercritical flow boundary condition was greater than that of the
subcritical flow answer and therefore used the upstream boundary condition.
The program then continued in the downstream direction with a supercritical
flow profile.
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Figure 9.10 Water Surface Profile for Energy Analysis With Mixed Flow
Regime

When the program calculated the water surface profile for river station 9, it
determined that there was a valid answer for both the subcritical and
supercritical flow profiles. The program then compared the specific force of
both of these flow regimes and determined that the subcritical flow had a
greater specific force. This implies that the flow at river station 9 was
subcritical and that a hydraulic jump developed upstream of this river station.
This can be seen in Figure 9.10 to have occurred between the main channel
stations of 710 and 760 (river stations 9 and 9.5*). This hydraulic jump
occurred because the cross section geometry in the vicinity of the bridge
caused a constriction of the flow and a backwater was created upstream from
the bridge. This backwater created a subcritical profile immediately upstream
of the bridge and a hydraulic jump was necessary for the flow to transition
from supercritical to subcritical.
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Figure 9.11 Standard Table 2 Profile Table for Energy Method Analysis

To view the calculated values of the water surface elevations, critical depth,
and energy gradeline, the Standard Table 1 profile table was activated from
the main program window by selecting View, Profile Summary Tables, and
then Std. Table 1. This table is shown as Figure 9.11 and shows a water
surface elevation of 1280.84 and a critical water surface elevation of 1281.57
at river station 9.5*. This water surface elevation is less than the critical
depth and implies a supercritical flow regime. At river station 9, the water
surface elevation of 1282.09 is greater than the critical water surface of
1281.02 and implies a subcritical flow regime. The modeler can use this table
to determine all of the computed values that are displayed on the profile plot
as shown in Figure 9.10.

Referring back to Figure 9.10, as the calculations continued through the
bridge, Class B low flow was found to occur since the flow did not encounter
the low cord of the bridge and the flow passed through critical depth under
the bridge. For Class B low flow, the program will set the water surface at
critical depth at either the upstream inside or downstream inside cross section
of the bridge. The program will calculate the specific force for critical depth
at both of these sections and set the flow at critical depth at the section that is
the most constricted and has the greater specific force. For this example, the
flow was set at critical depth at the bridge upstream inside cross section, as
shown in Figure 9.10. Additionally, if the specific force of both cross-
sections are approximately equal, then the program will use the location
entered by the user. The location can be selected from within the
Bridge/Culvert Data Editor by selecting Options and then Momentum
Class B defaults.

Finally, a supercritical profile continued downstream of the bridge to the last
downstream cross section. The downstream boundary condition had been set
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at critical depth. However, the program determined that the supercritical flow
solution at the downstream end had a greater specific force than the boundary
condition and used the supercritical flow answer.

Water Surface Profiles for Subcritical and
Supercritical Flow Analyses

To perform the analysis, the mixed flow regime had been selected. If the user
had selected a subcritical or supercritical flow regime for the analysis, the
output would have reflected various warnings and notes intended to alert the
user of possible inconsistencies with the results. For example, if the user had
selected a subcritical flow regime, the water surface profile would have
appeared as shown in Figure 9.12.
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Figure 9.12 Water Surface profile for Energy Analysis with Subcritical
Flow Regime

As can be seen in Figure 9.12, the water surface coincided with the critical
depth line for the majority of the river stations. A review of the Summary of
Errors, Warnings and Notes would reveal the repetition of the warning:
“During the standard step iterations, when the assumed water surface was set
equal to critical depth, the calculated water surface came back below critical
depth. This indicates that there is not a valid subcritical answer. The
program defaulted to critical depth.” This warning is issued when the user
has requested a subcritical flow analysis but the program could not determine
a subcritical flow depth at the specified cross section. Since a subcritical
solution was not possible, the program used critical depth at this location and
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continued on with the calculations. This warning may be associated with too
long of reach lengths between cross sections or the fact that the flow analysis
should be performed in the supercritical or mixed flow regimes.

If the user had selected to perform a supercritical flow analysis, the water
surface profile would have appeared as shown in Figure 9.13. As can be seen
in the figure, there is an inconsistent drop in the energy gradeline immediately
upstream of the bridge. A review of the warnings at the upstream inside
bridge cross section revealed that the energy equation could not be balanced
within the specified number of iterations and the program defaulted to critical
depth at this location. The user should perform the computations in the
mixed flow regime to determine if a subcritical flow profile exists in the river
reach. The program can only provide for both subcritical and supercritical
flow answers when the mixed flow regime is selected.
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Figure 9.13 Water Surface profile for Energy Analysis with
Supercritical Flow Regime

The analysis of the river reach in the subcritical and supercritical flow
regimes are not provided as plans for this example. They were computed and
presented to show what would develop if these flow regimes had been
selected. However, the modeler can readily select these other flow regimes
and execute the program to observe the output. For an additional discussion
for the descriptions of the warnings, errors, and notes, the user is referred to
example 1 and to chapter 10 of the User’s Manual.
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Profile Table - Bridge Comparison

Returning to the mixed flow analysis of the river reach, it was observed that
during the flow event, Class B low flow was found to occur at the bridge. For
the low flow analysis, the energy and the momentum methods had been
selected to be computed for the analysis in the Bridge Modeling Approach
Editor. To determine which method the program used for the final answer,
from the main program window select View, Profile Summary Table, Std.
Tables, and then Bridge Comparison. This will activate the Bridge
Comparison Profile Table as shown in Figure 9.14.

E:: Profile Output Table - Bridge Comparison
File ©Options Std. Tables Help
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Figure 9.14 Bridge Comparison Profile Table for Energy Method
Analysis

The first two columns in the table show the reach and river station for the
bridge location. For this example, the bridge is located at river station 7. The
third column shows the energy gradeline elevation that was used as the final
answer for the analysis, 1282.29 ft. The fourth column displays the water
surface elevation (1282.10 ft) that corresponds to the energy gradeline in
column three. The fifth column displays the bridge method that was selected
as the final answer. Finally, the sixth and seventh columns show the results
of the energy and momentum methods since these two methods were selected
to be computed. As can be seen in the table, the energy low flow method
produced a result of 1282.22 ft for the energy gradeline. The momentum
method produced a result of 1282.99 for the upstream energy gradeline. The
program selected the momentum method for the final solution because the
bridge is exhibiting class B flow, and the momentum method is the default
solution when class B flow occurs.

Cross Section Table - Bridge

As an additional review of the output for the bridge, the cross section table
was activated from the main program window by selecting View, Cross
Section Table, Type, and then Bridge. This displayed the Bridge Cross
Section Table as shown in Figure 9.15. For this example, there was only one
bridge located on Putah Creek at river station 7. The left side of the table
shows the energy and water surface elevations for the river station
immediately upstream of the bridge (as shown in Figure 9.14). The right side
of the table displays information for the two cross sections located inside of
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9-16

the bridge. The bottom portion of the table displays any errors, warnings, and
notes for the cross section. As is shown in Figure 9.15, two of the notes that
appear at this river station notify the modeler that Class B low flow was
computed for this bridge structure. Whenever Class B low flow is found to
occur, the modeler should perform the analysis in the mixed flow regime
mode.
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Coef of [ Shear Tatal [lbzq ft] 1.58 2.44
Br Sel Method bomentum | Power Total [IbAf 2] 18.37 34 65
Errarz, WwWarnings and Motes

The bridage momenturn weight farce iz wery large. [t may be advizable ta turn the weight flac
aff.
M ate: The mormenturn method has computed a class B prafile.
The energy equation could nat be balanced within the zpecified number of iterationz. The
pragram uzed critical depth for the water suface and continued on with the calculations.
P mber Mulbinle mrtical denthz were Frond at this locablinn The crbcal dentbowith the lioest walid ;I
Energy grade elevation at bridge or culvert [final answer).

Figure 9.15 Bridge Type Cross-Section Table for Energy Method

This completed the review for the energy method analysis. As a final review
of the water surface profile as shown in Figure 9.10, it can be seen that the
water surface upstream of the bridge did not encounter the bridge decking for
the energy method analysis and therefore was calculated as a low flow
profile. However, the water surface elevation is very close to the bridge
decking and, due to the turbulent wave action of the flow, may jump to
pressure flow during the event. Therefore, an additional analysis was
performed with the pressure/weir flow option selected for the high method.
This is discussed further in the next section.
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Pressure/Weir Analysis

The water surface profile in the vicinity of the bridge was calculated as low
flow for the energy method analysis. However, for a pressure flow analysis,
the program will compare the energy gradeline value of the flow with the low
cord of the bridge decking to determine when pressure flow will begin to
occur. As can be seen in Figure 9.10, the energy gradeline elevation is
greater than the low cord at the upstream side of the bridge. Therefore, the
river reach was re-analyzed using the pressure/weir method for the high flow
computations.

To select the pressure/weir method, the geometry file “Base Geometry Data -
Energy” was activated. Then the Bridge/Culvert icon and the Bridge
Modeling Approach icon were selected. The “Pressure/Weir Method” was
then chosen for the high flow analysis. This Bridge Modeling Approach
Editor is shown as Figure 9.16.

tdd | Copy | Delste | Bridge # (3] [1]

" Love Flow M ethods

Use Compute
" |¥ Energy [Standard Step)
~

¥ tomentum Coef Drag Cd |1 33
[ Yamnel [Clazs & onlyl  Pier Shape K I
[ WSPRO Method [Class A only]  wWSPRO Yaniables |

Highest Energy Answer

0

" High Flow Methads
™ Energy Only [Standard Step)

% Prezsure and/or \Weir
Submerged Inlet Cd [Blank for table]

Submerged Inlet + Outlet Cd
b ax Low Chord [Elank for default]

lill

] 4 I Cancel | Help |

|Select set of bridge coefficients ta Edit

Figure 9.16 Bridge Modeling Approach Editor for Pressure/Weir Flow
Analysis

For the pressure/weir analysis, the editor allows three input coefficients. The
first coefficient is for the flow situation when only the upstream side of the
bridge decking is submerged. For this example, the field was left blank so
that the table values would be used by the program. The second coefficient is
for the flow situation when both the upstream and downstream sides of the
bridge decking are submerged. This coefficient was left at a value of 0.8, the
default value. The final field is for the modeler to enter an elevation value for
the program to use to determine when to begin the pressure flow calculations.
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Pressure flow calculations will begin when the low flow energy gradeline
value is greater than the value entered in this field. If the field is left blank
(as for this example), then the program will use the highest low cord of the
bridge decking on the upstream side. Once all of the data had been entered,
the editor was closed by selecting the OK button.

Next, the ineffective flow areas were added at river station 8 (the river station
located immediately upstream of the bridge). A left ineffective flow area was
set to begin 10 feet to the left of the bridge opening and a right ineffective
flow area was set to begin 10 feet to the right of the right side of the bridge
opening. Both of these ineffective flow areas were set at an elevation of 1285
feet, the high cord elevation of the bridge.

Then, the geometry file was saved as “Base Geometry Data - Press/Weir.”
Next, this geometry file and the steady flow data file were saved as a plan.
This was performed by first activating the Steady Flow Analysis Window
from the main program window. The steady flow window is shown in Figure
9.17. Then, the geometry and steady flow file were selected by depressing
the down arrows on the right side of the window.

EtEﬂd‘f Flow Analysis =
File Options Help
Plan: |Putah Creek Eridge - Press/weir Shatt 1D IW
Gearmnetry File : IEase Geomety Data - Prezzwfeir j
Steady Flow File : I'IEIEI Vemr Discharge j
Flow Regime —— Plan Description ;
" Subcritical E
" Supercritical
* Mixed
COMPUTE

[Enter to campute water suface profiles

Figure 9.17 Steady Flow Analysis Window for Pressure/Weir Analysis

Next, the Short ID “Press/Weir” was entered in the upper right corner of the
editor and the flow regime “Mixed” was selected. Finally, File and Save
Plan As were selected and the title “Putah Creek Bridge - Press/Weir” was
entered. This created a new plan with the pressure/weir geometry file and the
steady flow data file. The plan name then appeared at the top of the steady
flow analysis window (as well as on the main program window).

After the new plan was created, the COMPUTE button was depressed to
activate the calculations of the water surface profile. The user can activate
this plan by selecting File, Open Plan, and then the plan “Putah Creek Bridge
- Press/Weir” to review the remaining discussion of this example.
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Review of Output for Pressure/Weir Analysis

For the output for the pressure/weir analysis, this discussion will review the
water surface profile, the expansion and contraction reach lengths, the bridge
comparison table, the bridge cross section table, and finally the 3-D plot.

Water Surface Profile

The water surface profile for the pressure/weir analysis is shown in Figure
9.18. As can be seen in the figure, the upstream water surface profile begins
in the supercritical flow regime. However, the energy gradeline at the cross
section immediately upstream of the bridge was greater than the highest value
of upstream low cord. Therefore, during the computations, pressure flow was
found to occur and the water surface profile developed as pressure flow
through the bridge. This pressure flow caused a backwater effect and created
a subcritical flow profile upstream of the bridge. For the flow to transition
from a supercritical to a subcritical profile, a hydraulic jump occurred in
between river stations 11 and 11.5%.

The flow through the bridge structure is again Class B flow because the flow
passed through critical depth within the bridge. Finally, the downstream
profile is supercritical to the downstream cross section. As before, it was
necessary to perform the analysis in the mixed flow regime in order to obtain
a water surface profile in both the subcritical and supercritical flow regimes.

- _Profile Plot - 10| x|
File Cptions
Mixed Flow - Example 9 Flan: Futah Creek Bridge - Pressfeir -
Geom: Baze Geometry Data - Prezsfeir  Flaw: 100 Year Discharge
* Putah Creek "-I
12307 Legend
1 e EG 100 yr
1285 = il T e a——
] - i{ . M Crit 100
- ] R " WS 100 ywr
B 12801 R o " —a
% 1 gt .
oo1rs
1270
1 255 ] T T T T T T T T T T T T T T T T T T T T T T T T T T 1
n 200 400 E00 200 1000 1200
Main Channel Distance (ft) -
N | r

Figure 9.18 Water Surface profile for Pressure/Weir Flow Analysis
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Expansion and Contraction Reach Lengths

As stated previously, the locations of the cross sections in the vicinity of a
bridge are crucial for the accurate prediction of the energy losses through the
structure. For this example, the distance from river station 6 to 5.5 * defines
the expansion reach length and the distance from river station 8.5* to 8
defines the contraction reach length. Each of these reach lengths are
evaluated below based upon the procedures as outlined in appendix B of the
Hydraulic Reference Manual. However, these procedures were developed
based on subcritical flow through bridges. Therefore, only the table values
will be used to provide a general guidance for the reach lengths.

Expansion Reach Length. To estimate the expansion reach length from
Table B.1, the following information was required:

b = 90
B = 190
b/B = 0.50
S = 50
Nep/N, = 0.035/0.025=1.4
Lobs = 45
where: b = bridge opening width, ft
B = floodplain width, ft
S = bed slope, ft/mi
Nop = Manning’s n value of the overbank
ne = Manning’s n value of the main channel
Lops = average length of obstruction, ft

From Table B.1, the expansion ratio (ER) was determined to be in the range
from 1.2 - 1.5. Using an average value of 1.3 yields an expansion reach
length (L) of:

Le = (ER) (Lops) = (1.3) (45) = 60 feet

From the geometric data, the distance from river station 6 to 5.5* was set at
50 feet. This value is approximately equal to the expansion reach length as
determined above and the location of the river stations were not adjusted.

Contraction Reach Length. To estimate the contraction reach length, the
contraction ratio from Table B.2 was determined to be in the range from 0.8 -
1.4. Using an average value of 1.1 yielded a contraction reach length (L.) of:

L = (CR) (Lops) = (1.1) (45) = 50 feet

From the geometric data, the contraction reach length was set to be 50 feet.
For this example, the flow in the main channel did not exhibit a large degree
of contraction or expansion losses. This allowed for shorter expansion and
contraction reach lengths, as determined above. As stated previously, the
table values were used as a general guide, because the data of the example
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were not within the range of the data used to develop the regression
equations.

Bridge Comparison Table

As was shown in Figure 9.18, the water surface reflected pressure flow
through the bridge structure. To determine why this energy value was
selected, the user can review the Bridge Comparison Table. This table is
activated from the main program window by selecting View, Profile
Summary Table, Std. Tables, and then Bridge Comparison. This table is
shown in Figure 9.19.

As described previously, the first two columns in the table show the reach and
river station of the bridge location. The third column shows the bridge
method that was used as the final answer. The fourth column shows the final
energy gradeline value used for the analysis. The fifth column shows the
water surface that corresponds to the energy value in column four. The next
four columns (Energy, Momentum, Yarnell, and WSPRO) show the
calculated energy gradeline values for these low flow methods. For this
example, only the energy and the momentum methods were selected to be
calculated for the low flow analysis. The solution of the energy gradeline for
the energy method is 1282.22 feet. The momentum method produced an
answer of 1282.99 feet. Therefore, the program used the value of 1282.99 as
the answer for the low flow analysis (this is not necessarily the final answer
as is discussed subsequently).

=% Profile Dutput Table - Bridge Comparison
File Options Std, Tables Help

HEC-BAS Plan: PresswWeir River. Putah Creek  Reach: Putah Creek  Profile: 100 vr
Reach River Sta | E.G. US. | W5 US| BrSel Method| Energe EG| Momen. EG | vamell EG|['wSPRO EG| Pra 0 EG | Pra™wWi EG

() 1] 1] (] [ft] () (] (] (]
Putah Creek| 7 1284.79 128438 PressOnly| 1282220 123233 1284.73

Figure 9.19 Bridge Comparison Table for Pressure/Weir Flow Analysis

The tenth column (Prs O EG) displays the energy gradeline necessary for
only pressure flow to be occurring through the bridge. For this example, this
value is 1284.79 feet. The program then compared this pressure only energy
gradeline to the energy gradeline that was used for the low flow analysis
(1282.99). The greater of the two values was then used as the final answer.
For this example, the pressure only energy gradeline was the greater value
and the program then used the pressure only method as the final solution.

The ninth column (Prs/Wr EG) shows the calculated energy gradeline value
for the situation when both pressure and weir flow would occur. This
situation did not develop for this example. For a further discussion for bridge
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analyses, the user is referred to example 2 and to chapter 6 of the User’s
Manual and chapter 5 of the Hydraulic Reference Manual.

Bridge Detailed Output Table

As a final table for the review of the pressure/weir flow, the user can select
the Bridge Detailed Output Table. This is activated from the main program
window by selecting View, Detailed Output Table, Type, and then Bridge.
This will display the table as shown in Figure 9.20.

As discussed previously, the left side of the table shows the energy gradeline
and the water surface for the cross section immediately upstream of the
bridge. (These values are the same as was shown in Figure 9.19.)
Additionally, the left side of the table shows that there was no weir flow
occurring over the bridge decking. The right side of the table displays
information for the two cross sections located inside of the bridge.

J=E

File

River:

Type Opkions Help

IF'utah Creek, j Prafile; I'IEIEI o j Opening ISingIe ER 'I

Reach IF'utah Creek, j Riv Sta; I? vI EIEI Plan: IF'ressfw'eir 'I

Flan: Pre feir Putah Creek Putah Creek BS: ¥ Profile: 100 v Opening: Single BR
E.G. LS. [ft] 1284.79 | Element Inzide BR LI5S | Inzide BR 015
WS, 5. [it) 1284.38 | E.G. Elev [it] 1234.79 1281.11
[ Total [cfs] 320000 | WS, Elew [ft) 1282.00 127310
[ Bridge [cfs] 3200.00 | Crit w5 [ft] 1280.81 1279.68
[ 'Wweir [cfg] tdax Chl Dpth [f) a0 570
Wi Sta Lt [f) Wel Total [ftiz) 794 1347
Wwieir Sta Bgb [ft] Flaw frea [zq ] 5778 237 65
Wwieir Submerg Froude # Chi Q.70 1.22
wieir Max Depth [ft] Specif Force [cu ] 1363.11 1901 .15
kin EIw/eir Flow (i) 1285.01 | Huydr Depth [ft) 457 380
kin El Prs [ft] 1282.00 | WP Tatal [ft] 95.08 74.87
Delta EG [ft] 301 | Coree. Total [cfz] h4862.1 305087
Delta w5 [it) 528 | Top'width [f)] ¥a.29 B2 53
BR Open Area [zq ft] 35773 | Frotn Loss [f]
BR Open el [ft/s] 394 | C&E Logs [ft]
Coef of Shear Tatal [lbzq ft] Q.80 218
Br Sel Method Prezz Only | Power Total [IbAft 2] 715 2936
farnings and Motes

The bridge mamentumn weight force iz very large. [t may be advizable to turn the weight flag

aff.
M ate: The mormenturn method has computed a class B prafile.
M ate: The downstream water surface iz below the minimum elevation far presaure flow. The sluice

gate equations: were used far prezsure flow,

Energy grade elevation at bridge or culvert [final answer).

Figure 9.20 Bridge Detailed Output Table for Pressure/Weir Flow Analysis
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The bottom of the table displays the errors, warnings, and notes for the river
station. At this bridge location, the notes shown in the figure indicated that
the sluice gate equation was used for pressure flow. This equation was used
because the water surface elevation at the river station immediately below the
bridge was less than the lowest value of the low cord for the bridge.

X-Y-Z Perspective Plot

As a final review of the pressure/weir flow analysis, the X-Y-Z Perspective
plot was viewed. This plot was activated from the main program window by
selecting View and then X-Y-Z Perspective Plots. This plot is shown as
Figure 9.21. The user must be aware of the fact that this plot can be aligned
according to left or right edges of the cross sections or by the main channel
left, centerline, or right bank stations. Additionally, the alignment is based
upon the X-coordinates as entered by the user. If the X-coordinates for the
cross sections are not all established from the same left baseline, then the plot
may not be accurately portraying the correct configuration of the river
system.

i
File ©Options
pstream RS: 12 hd EIEI rl i ] -
i -20
Downztream RS: m glelaboulaale
Azimuth Angle 24 =
Mixed Flow - Example 9 Plan: Putah Creek Bridge - Press/eir =
Geom: Baze Geometry Data - Pressieir  Flovy: 100 Year Discharge
Legend
—
’ft__' WS 100 yr
) “""‘?’ Grounc
.’% ":’ Bank Sta
N
mw‘ Ground
P
Lo

Figure 9.21 X-Y-Z Perspective Plot for Pressure/Weir Analysis
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Summary

- _Profile Plot - Warning Geometry is newer than outpuk. - |I:I|£|

As a summary for this example, a profile plot for both the energy and
pressure flow analysis is shown as Figure 9.22. Once the plot was activated,
Options and Plans were chosen and both plans were selected to be displayed.
The heading at the top of the figure displays the Short ID’s that were used for
each plan : 1) Energy and 2) Press/Weir. The legend displays two lines for
the critical depth and two lines for the water surface. Both of the critical
depth lines will coincide since the flow rate was the same for both plans. For
the water surface profiles, the lines are labeled “WS 100yr - Energy” and
“WS 100yr - Pressure” for the energy and pressure methods respectively.

(Note: For this example, each plan only had one profile.) Similarly, the
legend description for the solid water surface profile signifies that this line is
for the first profile of the energy plan.

File Cptions Help
Mlixed Flow - Example 8 Plan: 1) Press/Weir  2) Energy -
Geom: Baze Geometry Data - Prezaieir  Flaw: 100 Year Discharge
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1285j Legend
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= 125':'j WS 100 yr - Eneroy
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Figure 9.22 Water Surface profiles for both Energy and Pressure
Analysis

A review of Figure 9.22 shows a significant difference in the calculated water
surface profiles for the two plans. During the energy analysis, the water
surface does not encounter the bridge decking and this lead to a low flow
profile. However, the pressure analysis determined that the water surface
came in contact with the upstream side of the bridge. With both of these
analyses, the modeler must use engineering judgment to determine which
profile is actually occurring.
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Realistically, for this example, as the flow rate begins to increase to the value
of 3200 cfs, the flow will most likely be a low flow profile as calculated by
the energy method. At the flow rate of 3200 cfs, the flow may also initially
be occurring as the low flow profile. However, the water surface
immediately upstream of the bridge has risen due to the constriction of the
cross sections in the vicinity of the bridge. If the flow is sediment laden and
as debris begins to accumulate in the vicinity of the bridge opening, the water
surface may begin to fluctuate due to the turbulent nature of the flow. These
water surface fluctuations may become great enough to cause the water
surface to come in contact with the upstream low cord of the bridge. When
this occurs, the flow may “jump” to become pressure flow through the bridge
opening.
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