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Unsteady Flow Data HIE,

* External Boundaries required
* Upstream and Downstream ends of the river

* Typically flow or stage hydrograph upstream -
* Typically rating or “normal depth” downstream _;\_hew f\ ......... -
\%/\ l)u...o
) &

* Internal Boundaries can be added \

* Add flow within the river system >’\

* Define gate operation ,
* Initial Conditions ,

* Steady Flow at XSs \}“

e
-

* |nitialize SAs and Reservoir XSs

Boundary conditions are entered by first selecting the Boundary Conditions tab
from the Unsteady Flow Data editor. River, Reach, and River Station locations of
the external bounds of the system will automatically be entered into the table.
Boundary conditions are entered by first selecting a cell in the table for a particular
location, then selecting the boundary condition type that is desired at that location.
Not all boundary condition types are available for use at all locations. The program
will automatically gray-out the boundary condition types that are not relevant when
the user highlights a particular location in the table. Users can also add locations for
entering internal boundary conditions. To add an additional boundary condition
location, select the desired River, Reach, and River Station, then press the Add a
Boundary Condition Location button.

In addition to the boundary conditions, the user must establish the initial conditions
of the system at the beginning of the unsteady flow simulation. Initial conditions
consist of flow and stage information at each of the cross sections, as well as
elevations for any storage areas defined in the system. Initial conditions are
established from within the Unsteady Flow Data editor by selecting the Initial
Conditions tab.




Unsteady Flow Data Editor

B HEC-RAS 503
File Edit Run View Options
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Praject: [Bald Eagle Creek Example Dam Break Study

[C:\.. Wworkshop35\W3_SUnsteadyFlow.prj

Plan: PPMF Event No Breach

[c:\.... \workshop35WW3_SUnsteadyFlow.p04

Geometry: [Esdsting GIS Data Nov 2006

[C:\.... Wworkshop35\W3_SUnsteadyFlow.g01

Steady Flow: [

Unsteady Flow: PMF Event from HMS

f:\.... \workshop35WW3_SUnsteadyFlow.u0z

Description :

IThe United States Army Corps of Engineers has granted access to the information in this model for instructional

& Unsteady Flow Data - PMF Event from HMS - ] *
Apply Data I

File Options Help

Boundary Conditions | Initial Conditions |

Stage Hydrograph I Flow Hydrograph | StageiFlovs Hydr., | Rating Curve

Mormal Depth I Lateral inflow Hydr. I Unifarm Lateral Inflow | Groundwater Interflow

T.5. GGate Openings I Elew Controlled Gates | Mavigation Dams | I Stage/Flow

W B|

Precipitation |

Rules I

AddRS.. | AddSA/20FlowArea.. | AddSAComnection...| acd pump sianen |
River Reach RS dary Condition

1|Bald Eagle Cr. Lock Haven 137520 Flow Hydrograph
2|Bald Eagle Cr. Lock Haven 136548 Uniform Lateral Inflow
3|Bald Eagle Cr. Lock Haven 81454 T.5. Gate Openings
4|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Inflow
5|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr.

6 |Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.
7|Bald Eagle Cr. Lock Haven 66041 Uniform Lateral Inflow
8|Bald Eagle Cr. Lock Haven 28519 Lateral Inflow Hydr.
9|Bald Eagle Cr. Lock Haven 1 Lateral Inflow Hydr.

10| Bald Eagle Cr. Lock Haven Mormal Depth

dary Condition
Lateral Inflow Hydr.

Storage/2D Flow Areas

Press the Unsteady Flow button or choose Unsteady Flow under the Edit menu to
get the unsteady flow editor.

Upstream and downstream boundary conditions are required — internal boundary
conditions are optional.




Upstream Boundary Conditions JES,

A Unsteady Flow Data - PMF Event from HMS - m} x
File Options Help
Boundary Conditions | Initial Coneitions | Lostr s |
Soundary Condition Types

Precipitation @ B
undary Co 2 cCatior
s Soundary Condition
River Reach RS Condition
1|BadEageCr. |LockHaven 137520 €|Flow Hydrograph >
| 2|BaldEagleCr.  |LockHaven 136948 | Uniform Cateral Inflow
_3|BaldEagle Cr. |Lock Haven 81454 T.5. Gate Openings
4|BddEagle Cr. |LockHaven 80720 Uniform Lateral Inflow
5|BadEageCr. |LockHaven 76865 Lateral Inflow Hydr.
| 6|BaldEagle Cr.  |Lock Haven 67130 Lateral Inflow Hydr.
| 7|Bald Eagle Cr. _|Lock Haven 66041 Uniform Lateral Inflow
8|BadEage Cr.  |LockHaven 28519 Lateral Infiow Hydr.
9|BddEagle Cr. _|LockHaven 1 Lateral Inflow Hydr
10| Bald Eagle Cr.|Lock Haven - Normal Depth

Boundary Condition

Lateral Inflow Hydr.

,—"’f "« Flow Hydrograph (Most Common)

N * Stage Hydrograph

Lot * Stage/Flow Hydrograph

Most commonly used Upstream Boundary condition is the Flow Hydrograph
boundary. Stage boundary allows the user to define a time series of stage values for
the upstream boundary typically if you had observed stage data.

Stage/Flow Hydrograph is not a typical used — it is really only used in flood
forecasting (only time) where you use stages for a known time window (hindcast)
and then use flows to take over for the forecast period.




Flow Hydrograph
F | O W H yd rO g ra p h River: Nittany River Reach: Weir Reach RS: 60.1

(s Read from DS5 before simulation b Select DS file and Path o |3
File: |
* Read from DSS =
* Select DSS file
* Enter Table Data time interval: |1 Hour h
Select/Enter the Data's Starting Time Reference
* Select Pathname & Use Simulation Time: Date: DSAPRISIS Time: PDOD
" Fixed Start Time: Date: J'ﬁme: I
H I No. Ordinates ‘ Interpolate Missing Values | Del Row ‘ Ins Row | £
* Enterin Table
H H Date Simulation Time Flow -
* Select time interval — —
. 1 07Apr1999 2400 00:00 5179.57
e Select start date/t|me 2 08Apr1999 0100 0100 5716.45
3 08Apr1999 0200 02:00 6605.13
4 08Apr1999 0300 03:00 7836.48
200000  EEEEEEE  EEEEEEEEEFEEE 3 08Apr1393 0400 0400 9397.87
[ \ B 08Apr1999 0500 05:00 11273.28
7| 08Apr1999 0600 06:00 13443.47
150000 ! ,l' ! \ 8 08Apr1399 0700 07:00 15886.16
@ | 9 08Apr1999 0800 08:00 18576.29
b I’ \ 10 08Apr1999 0900 09:00 21486.26
= 100000 IHEEREEE NN EENEEEN INEEESESSNSSEEEEEmEmE 1 03Apr1399 1000 10:00 24586.21
3 f \ 12 08Apr19939 1100 11:00 2784432
9 13 08Apr1999 1200 12:00 31227.16
% 50000 1 [ / | I \ I I | 14 08Apr1999 1300 13:00 34700.03
‘\ 15 08Apr1999 1400 14:00 33227.28 ﬂ
/ | [N Time Step Adjustment Options ("Critical”™ boundary conditions)
0 I / "_ ‘* —— It ™ Monitor this hydrograph for adjustments to computational time step
Max Change in Flow (without changing time step):
02Jan1999 2400 04Jan1999 2400 Min Flow: [ Multiplier: |
Time and Date (= [ = =1
.

When the flow hydrograph button is pressed, the window shown above will appear. As shown, the
user can either read the data from a HEC-DSS (HEC Data Storage System) file, or they can enter the
hydrograph ordinates into a table. If the user selects the option to read the data from DSS, they must
press the “Select DSS File and Path” button. When this button is pressed a DSS file and pathname
selection screen will appear. The user first selects the desired DSS file by using the browser button at
the top. Once a DSS file is selected, a list of all of the DSS pathnames within that file will show up in
the table.

The standard Microsoft copy (Ctrl+C), cut (Ctrl+X) and paste (Ctrl+V) work in this editor if you
want to bring data over from Excel. If you want to paste, however, you must first select the range of
cells that you want to paste into (or a larger range of cells).




Time Step Adjustment Options {"Critical” boundary conditions)

[ Monitor this hydrograph for adjustments to computational time step
I (without changing time step); 10000

Max Ch

[l ]

F | ow Min Elow: I; .r~;1ulxﬁpI;e‘r: [
Hyd rograph Plot Data | | oK

* Min Flow 200000 /'\
* Multiplier 150000 - / \
2 |
8 ‘]ODDDD + i \ IS EEENEESEE SN -
. 3 ERRRRR
* Monitor Hydrograph = om0 | 7 \
for Time Slicing r, N
‘\\ —
0 = , THTT
02Jan1999 2400 04Jan1999 2400
Time and Date
Minimurm time step for time slidng (hrs): |D

Maximum number of time slices: |2III

When the flow hydrograph button is pressed, the window shown above will appear. As shown, the
user can either read the data from a HEC-DSS (HEC Data Storage System) file, or they can enter the
hydrograph ordinates into a table. If the user selects the option to read the data from DSS, they must
press the “Select DSS File and Path” button. When this button is pressed a DSS file and pathname
selection screen will appear. The user first selects the desired DSS file by using the browser button at
the top. Once a DSS file is selected, a list of all of the DSS pathnames within that file will show up in
the table.

The standard Microsoft copy (Ctrl+C), cut (Ctrl+X) and paste (Ctrl+V) work in this editor if you
want to bring data over from Excel. If you want to paste, however, you must first select the range of
cells that you want to paste into (or a larger range of cells).



3 Downstream Boundary Conditions

. Unsteady Flow Data - PMF Event from HMS
File Options Help

Boundary Conditions | Tnitial Conditions |

Groundwater Interflow

Add Boundary Con
| addsarD Flow Area .. | Add 5A Connection . |

AddRS ...
5 e lary C: )
_[River Reach RS Buundarv Condition
1|BaldEagle Cr.  |Lock Haven 137520 |Flow Hydrograph
2|Bald Eagle Cr. Lock Haven 136948 Uniform Lateral Infiow
3|BaldEagle Cr.  |LockHaven 81454 T.5. Gate Openings
4|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Infiow
5|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr.
| 6|Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.
| 7|Bald Eagle Cr. Lock Haven 66041 Uniform Lateral Inflow
| 8|Bald Eagle Cr. Lock Haven 28519 Lateral Inflow Hydr.
10

e 1 L
Bald Eagle Cr. Lock Haven -1867 Normal Depth
Storage/2D Flow Areas Boundary Condition

* Downstream Options:

1/193 Lateral Inflow Hydr. Y‘“ ..... - £ ° Normal Depth
— L * Rating Curve

* Stage Hydrograph
* Flow Hydrograph
* Stage & Flow Hydrograph

Most commonly used Upstream Boundary condition is the Flow Hydrograph
boundary. Stage boundary allows the user to define a time series of stage values for
the upstream boundary typically if you had observed stage data.

Stage/Flow Hydrograph is not a typical used —

it is really only used in flood

forecasting (only time) where you use stages for a known time window (hindcast)
and then use flows to take over for the forecast period.




=3 Storage Area Boundary Conditions I

. Unsteady Flow Data - PMF Event from HMS
File Options Help

Boundary Conditions | Tnitial Conditions | _ipply Data |
3oundary Co J =3

Groundwater Interflow

Add Boundary Condition Locatior
AddRS ... | addsarD Flow Area .. | Add 5A Connection . |
Select Location in table then select Boundary Condition Tyy
__|River Reach RS Bulllllhrv (ulllflﬁull
1|BaldEagle Cr.  |Lock Haven 137520 |Flow Hydrograph
2|Bald Eagle Cr. Lock Haven 136948 Uniform Lateral Inflow
3|BaldEagle Cr.  |LockHaven 81454 T.5. Gate Openings
4|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Inflow
5|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr.
| 6|Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.
7l Bald Eagle Cr. Lock Haven 86041 Uniform Lateral Inflow
8 Bald Eagle Cr. Lock Haven 28519 Lateral Inflow Hydr.
| o|galdEagleCr.  |LockHaven 1 Lateral Inflow Hydr.
10|Bald Eagle Cr. _|Lock Haven Normal Depth

[Storage /2D Flow Areas Boundary Condition
1[193 Lateral Inflow Hydr

bapy; Il

p
4

)

3
£
}

N,

",

\( e Lateral Inflow Hydr.
IR * Canadd >1

N * Ground Water

* Precipitation

Most commonly used Upstream Boundary condition is the Flow Hydrograph
boundary. Stage boundary allows the user to define a time series of stage values for
the upstream boundary typically if you had observed stage data.

Stage/Flow Hydrograph is not a typical used — it is really only used in flood
forecasting (only time) where you use stages for a known time window (hindcast)
and then use flows to take over for the forecast period.
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{_ Geometric Data - Single 2D Area - Dam as Intemal Struct

2D External Boundary Conditions

B RAS Mapper
File Project Tools Help

Selected Layer: BC Lines

hO@AXNedm EHS NG 1o v
) [] Featses ~
= V] Geometries
&[] Single 20 Area - Dam 2. Internal Struct

SA2D Connections

CRCRC R CRCR R R

\

00000”00000
8 u]
i

Messages | Views | Profile Lines | Active Featur « | »

(1969237.70, 269008.62 1 pixel =563 f)

|
1969306.65, 292219.25

To create a 2D boundary:
1. If needed, zoom into the approximate location on the geometry editor.

2. Click onthe SA/2D Area BC Lines button and then using the
mouse/pen draw the location of the boundary on the outside of the 2D
area in the appropriate location. Double click when finished and then
enter an appropriate name when prompted by RAS.

3. The boundary condition will then appear in the Unsteady Flow Data
editor. Click on the name of the boundary condition (to make that row
active) and then select the desired boundary condition type (for
instance Flow Hydrograph) by clicking on one of the boundary

condition buttons.

4. Do not try to edit the boundary conditions from both the Geometric
Editor and RAS Mapper. Please use RAS Mapper.

L- Boundary & Initial Conditions/Piper
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2D External Boundary Conditions

* Flow Hydrograph

* Usually for inflow (upstream/lateral)

* Can also be used for outflow

* Positive flow is inwards; Negative flow is outwards
* Stage Hydrograph

* Usually for outflow

* Can also be used for inflow (i.e., tidal)
* Normal Depth (outflow only)

* Rating Curve (outflow only)

Upstream
Flow

_HEC

e

Downstream

Stage or

Normal Depth or
Rating Curve

There are 4 boundary types:
1. Flow hydrograph

2. Stage hydrograph

3. Normal depth

4. Rating curve.

« Aflow boundary usually provides inflow to a 2D area, but it can also be
used as an outflow by entering negative flows on the flow editor.

+ Aflow boundary can be entirely inside of a 2D area. Note: a flow
boundary must be entirely external or entirely inside, it may not cross
over the 2D bounding polygon.

« A stage boundary is typically used as an outflow/downstream
boundary, but it can also be used for inflow (for instance as a tidal
boundary where the flow changes direction).

* Normal depth and rating curve can only be used as outflow.

L- Boundary & Initial Conditions/Piper

12



=) 2D Boundary Conditions

File Options Help
Boundary Conditions | Initial Conditions | Apply Data

BB HEC-RAS 6.0.0 Beta 3

Boundary Condition Types

File Edit Run View Options GISTools Help Stage Hydrograph Flow Hydrograph | Stage/Flaw Hydr, | Rating Curve | '
%8| x| 5] Flem] 55| ALkl )~ 7@

Mormal Depth | Lateral Inflowe Hyedr, | Unifarm Lateral Inflow | Groundwaterlnterﬂowl

Project: BaldEagleCreekDemo |B:\HEC\HECRAS \test_cases T.5. Gate Openings Elev Contraolled Gates | Navigation Dams | IE StagesFlow |
Plan: Bingle 2D Area -Precp Test d:\HEC\HECRAS \test_cases! Rules Precipitation | @ B
Geometry: Kingle 2D Area - Dam as Internal Struct H: HEC\HEC-RAS \test_cases Add Boundary Condition Location

Steady Flow: | |

- AddRS ... Add Storage Area ... Add SA Connection ... #Add Pump Station ...
Unsteady Flow: 5Single 2D Area - Precip |d:\HEC\HECRAS \test_cases | | | |

Description: |The United States Army Corps of Engineers has granted access to the information in this Select Location in t3 & oundary Condition Ty
Boundary Condition
H Storagef2D Flow Areas
¢ o p e n U n Stea dy F I OW Data ed Ito r 1|BaldEagleCr  BCLine: Upstream Inflow

BaldEagleCr  BCLine: DSNormalDepth

* Required BC’s appear automatically

T.5, Gate Openings

Floodplain Mapping for Dam Failures



1D Initial Conditions

* Requires an initial flow
for all reaches — can be left blank
for dendritic systems

* Pool elevation for storage areas can
be left blank

* Can change initial flow at any
location

-
A, Unsteady Flow Data - PMF Event for SA Model

File Options  Help

Boundary Conditions & ImhalCandlhaﬂs] g
Initial Flow Distribution Method
e
" Use a Restart File Filename: | g
{* Enter Initial flow distribution (Optional - leave blank to use boundary condtions)
AddRS...
er spedfied fived flows (Optional)
River Reach RS Initial Flow
1|Bald Eagle Cr. Lock Haven 82303 1068
2|Bald Eagle Cr. Lock Haven 81914 1000

Bald Eagle Cr. Lock Haven 6000

Import Min SA Elevation(s) |

Initial Elevation of Storage Areas/2D Flow Areas (Optional)

[™ Keepinitial elevations constant during warmup @
* Use system status from previous I o Inta Ceraton
simulation (restart file) 2[191 537
3192 546
4[193 559.7
5|194 595
6[195 615.6
7|5ayers Res 657
Initial internal water surface elevations set

The differential equations used to compute the water surface elevation at the first time step require a
water surface at time zero to make that calculation. HEC-RAS estimates an initial water surface
by computing a steady flow water surface using ‘Initial Flows’ entered in the Initial Conditions
tab of Unsteady Flow Data Editor. For standard, dendritic systems, if these initial flows are left
blank, HEC-RAS will compute the steady flow profile based on the initial flow records in each of

the flow hydrograph boundary conditions.

There are at least three reasons why you would want to input Initial Flows manually:

1) The transition between the steady flow profile computed for t=0 and the unsteady flow profile
computed for the first times step is sometimes a difficult one. Since different equations are being
used, there can be a discontinuity between these two profiles that leads to an instability.
Specifying initial conditions allows you to ‘tweak’ them to increase the stability of this transition.

2) There are certain hydraulic configurations (e.g. looped networks) that RAS will not compute these

for.

3) Models with regulation dams or routing dams will require specified Initial Flows because it will not

get the gate flows right.

Secondly, you MUST specify the initial elevation of any storage areas in your system. If you are
using a storage area as your reservoir (which we will talk about later) this is where you will

specify your pool elevation.

14
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Initial Reservoir Pool

HEC

15
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Floodplain Mapping for Dam Failures
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Initial Internal

Stages

* Internal RS Initial Stages used
to set initial water surface at

a XS

* Stage U/S from inline
structure is based on a

balance of outlet size/gate
opening and water surface

& Unsteady Flow Data - PMF Event for SA &

File IOmions] Help

ol Lo S

Bo Delete Initial Flow(s) From Table ...
I D55 Pathname Summary Table ...

v Internal RS Initial Stages ...
Flow Minimum and Flow Ratic Table ...

Observed (Measured) Data 3

Old River Diversion Adjustment ...

T
Apply Data I
=4
undary condtions)
T )

1|Bald Eagle Cr.

Lock Haven

82303 1068

[}

Bald Eagle Cr.

Lock Haven

81914 1000

Bald Eagle Cr.

Lock Haven

Initial Elevation of Storage Areas/2D Flow Areas (Optional)

-897

Impart Min SA Elevation{s) |

=l

Unsteady Flow Data - Initial Stages

River: IEaId Eagle Cr. LI

Reach: ILock Hawen

| river sta.: [82303

Delete row(s)... I Add Multiple. .. |

Locations and Initial Stages

River

Reach

RS

Elev

Bald Eagle Cr.

Lock Haven

Internal RS Initial Stages. This option allows the user to specify starting
water surface elevations for any internal cross section within the system. A
common application of this would be to specify the starting pool elevation for
the first cross section upstream of a dam (modeled with the inline
weir/spillway option). The user specifies locations and water surface
elevations, which are then used to establish the initial conditions of the
system at the beginning of a run.

16



. . . Unsteadly Flow Analy;.s‘—ﬁﬂ GE>
Computation e o S

Unsteady Mixed Flow Opticns

Plan : - ]
PMF - Frochlich Breach Parameters 5ol [ exponent for Froude number reduction factorm (m>0):  [B
Geometry Fle : ’—Exis g GLS Data for Dam B |72t mmbertresna for diminatig seceraton e [5:3

Unsteady Flow File :  |PMF Event from HMS Local Partial Interia Filter

* Computation Time Step

Plan Description : 09

* Hydrograph Output erogroms t R

. [v Geometry Preprocessor 508

¢ Detalled OUtpUt W Unsteady Flow Simulation g ;4

. . [~ Sediment ~ea

® Mlxed FIOW Reg|me IV Post Processor 02
I Floodplain Mapping z; I

. . . 0 010203040506 070808 1
Simulation Time Window

Froude Number
i = 011AN1999 " i
Starting Date Starting I — —
Ending Date: psianizes | Ending B - S
Computation Settings
Computation Interval: 20Second _¥| Hydrograph Output Interval: | 1Minute |
Mapping Output Interval: |1 Hour ™| Detailed Output Interval: 1 Hour hd

[~ Computation Level Output

DSS Output Filename: |C:'|JJsers\,theccta'|,Documents \HEC Data\HEC-RASYInsteady g >
[~ Mixed Flow Regime (see menu: "Options/Mixed Flow Options ...") debug parameters

1 Dam (Inline Structure) with breach data. 1 set to breach.

Once all of the geometry and unsteady flow data have been entered, the user can begin performing the
unsteady flow calculations. To run the simulation, go to the HEC-RAS main window and select Unsteady
Flow Analysis from the Run menu. The Unsteady Flow Analysis window will appear as depicted above.

Max WS is based on the Computation Interval

Mixed flow option should only be used for very rivers — it is not a panacea for troubled models!




HEC

Computation Options

HEC-RAS Unsteady Computation Options and Tolerances
L]
T h eta General (1D Options) | 20 Fiow Options | 10/20 optans |
1 = Most Stable Unsteady Flow Options
ets [implict weighting factor] (0.6-1.0): Number of warm up time steps (0 - 100,000):
The i hting fa 1 ber of 0
Theta for warm up [implicit weighting factor] (0.6-1.0): 1 Time step during warm up period (hrs): []
* Water Surface
I Water surface calaulation tolerance [max=0.2](ft): 0.02 Minimum time step for time slicing (hrs): 0
TO erance Storage Area slevation tolerance [max=0.2] (ft): 0.02 Maximum number of time slices: 0
Flow calculation tolerance [optional] (cfs): ’7
R Lateral Structure flow stability factor (1.0-3.0): 2
L] Max error in water surface solution (Abort Tolerance){ft): 100
Stability Factors i S o iy ot (.20 —
1 = Most Accurate Maximum number of iterations (0-40): 20 Weir flow submergence decay exponent (1.0-3.0): 1
3 = Most Stable Maximum iterations witheut improvement (0-40): Gate flow submergence decay expanent (1.0-3.0): !
DSS Messaging Level (1 to 10, Default = 4) 4
* Lateral Structure
Geometry Preprocessor Options 1D Equation Solver
L4 | n I ne St ru Ctu re Family of Rating Curves for Internal Boundaries {+ Skyline/Gaussian (Default: Faster for dendritic systems)
. i Use existing ‘”‘E"r_"a‘ bU“‘I"SE'W;ab_‘ES when possible. " Pardiso (Optional: May be faster for large interconnectad systems)
® We Ir F I ow SU b me rge nce R et T (e e = Mumber of cores to use with Pardiso solver:  |All Avallable
Cancel | Defais ... |
18

Theta implicit weighting factor: This factor is used in the finite difference solution of the unsteady flow equations. The
factor ranges between 0.6 and 1.0. A value of 0.6 will give the most accurate solution of the equations, but is more
susceptible to instabilities. A value of 1.0 provides the most stability in the solution, but may not be as accurate for some
data sets. The default value is set to 1.0. Once the user has the model up and running the way they want it, they should then
experiment with changing theta towards a value of 0.6. If the model remains stable, then a value of 0.6 should be used. In
many cases, you may not see an appreciable difference in the results when changing theta from 1.0 to 0.6. However, every
simulation is different, so you must experiment with your model to find the most appropriate value.

Water surface calculation tolerance: This tolerance is used to compare the difference between the computed and assumed
water surface elevations at cross sections. If the difference is greater than the tolerance, the program continues to iterate
for the current time step. When the difference is less than the tolerance, the program assumes that it has a valid numerical
solution. The default value is set to 0.02 feet.

Storage area elevation tolerance: This tolerance is used to compare the difference between computed and assumed water
surface elevations at storage areas. If the difference is greater than the tolerance, the program continues to iterate for the

current time step. When the difference is less than the tolerance, the program can go on to the next time step. The default
tolerance for storage areas is set to 0.05 feet.

Flow calculation tolerance: This tolerance is used to compare against the numerical error in the computed flow versus the
assumed flow for each iteration of the unsteady flow equations. The user enters a flow in cfs (or cms in metric data sets).
The software monitors the flow error at all computational nodes. If the flow error is greater than the user entered tolerance,
then the program will continue to iterate. By default, this option is not used, and is therefore only used if the user enters a
value for the tolerance.

Weir flow stability factor: This factor is used to increase the stability of the numerical solution in and around a weir. This
factor varies from 1.0 to 3.0. As the value is increased, the solution is more stable but less accurate. A value of 1.0 is the
most accurate, but is susceptible to oscillations in the computed weir flow. The default value is 1.0. If you observe
oscillations in the computed flow over the weir, you should first check to see if you are using a small enough computation
irr:tervalbllf the computation interval is sufficiently small, you should then try increasing this coefficient to see if it solves
the problem.

18
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Entering Inline Structure Data

-
~w Inline Structure Data - Existing GIS Data for Dam Break = | E] e
Eile View Options Help
*IV=28 [Eald Eagle Cr. - | +ﬂ|
Reach: |L0ck Haven j River 5ta.:|81454  Joseph Sayers Da j ﬂﬂ
Upstream X5: _ 81914 Upstream channel length: 998. 163 (ft)
Description |Foster Joseph Sayers Dam and Reservoir s
Pilot Flow ] Breach (plan data) ... | Rules (unsteady data) ... |
All Culverts: |No Flap Gates j
Em\sfae:ic[m);m Bald Eagle Creek Example Dam Break Study Plan: PMF - Froehlich Breach Parameters  S/8/2011 J
Gate 720
Legend
| Legend
ol Ground
*
Cuilvert = 580 Bank Sta
P
= =
§20
Outlet
5 500
lﬁ cgpd T T T T T T !
0 1000 2000 3000 4000 5000 8000 7000
Station (ft)
Tl

w Select the river for inline structure editing

20

HEC-RAS has the ability to model inline dams, weirs, and gated structures with radial gates (often
called tainter gates), vertical lift gates (sluice gates), overflow gates (open to the air or with a closed
top), and gates modeled with user defined curves. The spillway crest of the gates can be modeled as

an ogee shape, broad crested weir, or a sharp crested weir shape.

20




* Distance + Width < U/S XS
Reach Length

* Weir include top of dam
and spillway

* Weir Coef. used for both
dam and spillway

HEE)

Weir and Embankment Profile JEE

Inline Structure Weir Station Elevation Editor

k5o |25 3.82

Clear | Del Row | Ins Row | Filter... |

Edit Station and Elevation coordinates
Station | Elevation -

1o 583,
2| 1700, 633,
3| 1700, 657,
4| 2300, 657,
5| 2300. 583,
66980, 533,

7

& ﬂ
1.5 Embankment 55 3.5 D.5 Embankment 55 3.9

Weir Data

Weir Crest Shape
() Broad Crested
() Ogee Spillway Approach Height:

12
Design Energy Head: 20 Cd ..

oK | Cancel |

Enter distance between upstream cross section and dedkfroadway. (ft)

Inline structure data are entered in a similar manner as bridge and culvert data. To enter an inline
structure press the Inline Structure button from the Geometric Data window. Once this button is
pressed, the Inline Structure Data editor will appear as shown above.

Distance - The distance field is used to enter the distance between the upstream side of the
Weir/Embankment (the top of the embankment) and the cross section immediately upstream of the
structure. This distance is entered in feet (or meters for metric).

Width - The width field is used to enter the width of the top of the embankment along the stream. The
distance between the top of the downstream side of the embankment and the downstream bounding
cross section will equal the main channel reach length of the upstream cross section minus the sum of
the weir/embankment "width" and the "distance™ between the embankment and the upstream section.
The width of the embankment should be entered in feet (meters for metric).

Weir Coefficient - Coefficient that will be used for weir flow over the embankment in the standard

weir equation.
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Inline Gate Editor
w
Gates Gate Group: |Ga13e:1 jﬂﬂ D i& x
Gate type (or meﬂnodolngy’}l:lRadial ﬂ
Geomefric Properties Gate Flow
Height: 15 Radial Gate Flow
1 ial Di i 0.65
° Sl uice Width: I?i Radial Discharge Coeffident
Trunnion Exponent: 0
. Invert: 590
(] Ra d 1A | _ Opening Exponent: 1
¥ Openings: |2 Head Exponent: 0.5
o Ove rfl ow B Trunnion Height 0
. ZEET j Submerged Orifice Flow
4 User Def| ned Cu rves | —; :E;E Orifice Coefficent (typically 0.3): 0.8
3 Head Reference: |Cenber of opening j
q.
5| Weir Flow Over Gate Sill (gate out of water)
E Weir Shape: |Broad Crested j
7
_8|
I El Weir Coefficent: 3
10]
11]
2] Ad
i
0K Cancel Help

In addition to uncontrolled overflow weirs, the user can add gated spillways (this is optional). To add
gated spillways to the structure, press the Gate button on the Inline Structure data editor. Once this
button is pressed, the gated editor will appear as shown above.

The Gated Spillway editor is similar to the Culvert editor in concept. The user enters the physical
description of the gates, as well as the required coefficients, in the Gated Spillway editor. The
functionality of the gates is defined as part of the Unsteady Flow Data editor or the Steady Flow data
editor (on a per profile basis).




Gate Settings

* The only mandatory
Internal Boundary
Condition

* Time Series

e Elev Controlled
* Simple Rules

* Rules

Boundary Condition Types

Rating Curve

Mormal Depth % atera

T.5. Gate Openings

Elev Controlled Gates

MNavigation Dams I

tage Flow

|
|

Rules

Add Boundary Condition Location

AddRS ... | AddSA/2DFiowArea... | AddComn... | addPumpcia. . | AddPipe Node... |
Select Location in table then select Boundary Condition Typ

River Reach RS Boundary Condition

1|Bald Eagle Cr, Lock Haven 137520 Flow Hydrograph

2|Bald Eagl-e Cr. Lock Haven 136948 Uniform Lateral Inflow
Bald Eagle Cr. Lock Haven 81454 IS [T.5, Gate %nﬁ 1

4|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Inflow

5|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr.

6 |Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.

7|Bald Eagle Cr. Lock Haven 66041 Uniform Lateral Inflow

8|Bald Eagle Cr. Lock Haven 28519 Lateral Inflow Hydr.

9|Bald Eagle Cr. Lock Haven 1 Lateral Inflow Hydr.

10|Bald Eagle Cr, Lock Haven -1867 Normal Depth

Time Series of Gate Openings:

This option allows the user to enter a time series of gate openings for an inline
gated spillway, lateral gated spillway, or a gated spillway

connecting two storage areas. The user has the option of reading the data from a
DSS file or entering the data into a table from within the

editor. Figure 8-5 shows an example of the Times Series of Gate Openings editor.
As shown in Figure 8-5, the user first selects a gate

group, then either attaches a DSS pathname to that group or enters the data into
the table. This is done for each of the gate groups

contained within the particular hydraulic structure.
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Some Thoughts On Rules >

Operational Rules
in HEC-RAS: Demo

« Underrated

¢ More Powerful Than You Think

Insert New Operaton
Comment | New Variable

« Easier Than You Think

Branching Operation (1f/Eise/Bself)
Branching Line Type:
C 1 () Then

<
Uy o ¥
@ 1f () And/Or () Then

el Stanford Gibson, PhD

€ Eself () Aedfox () Then Hydrologic Engineering Center
et Demo by Steve Piper
) 0:02/18:36

HEC-RAS Operational Rules Demo

769 views + May 12, 2022 @b 35 GP DISLIKE > SHARE & DOWNLOAD $¢ CLIP =+ SAVE

https://lyoutu.be/KMbV-cexP7w . 5 . ‘S;a;r;fgzﬁgzsezn 3 YouTube

Elevation Controlled Gate:

This option allows the user to control the opening and closing of gates based on the
elevation of the water surface upstream of the structure; or based on the water
surface at a user specified cross section or storage area (from any location in the
model); or based on a

difference in water surface elevation from any two user defined reference locations.
A gate begins to open when a user specified elevation is exceeded. The gate opens
at a rate specified by the user. As the water surface goes down, the gate will begin
to close at a user specified elevation. The closing of the gate is at a user specified
rate (feet/min.). If the gate operating criteria is a stage difference, the user can
specify a stage difference for when the gate should open and a stage difference for
when the gate should begin to close. Stage differences can be positive, zero, or
negative values. The user must also enter a maximum and minimum gate opening,
as well as the initial gate opening.
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Lateral Structures

* Connect to River XSs or to a Storage
Area

* HW Position affects computations due
to reach length (Bank vs. Overbank)

* Similar options as for an inline
structure

File View Options Help

~ Lateral Structure Editor - Existing GIS Data Nov 2006

River: |Bald Eagle Cr. - +

Reach: [Lock Haven =] Hwrs: -] 4t
Description | J
Plan Data
HW Position: |Leﬁ: overbank ﬂ Optimization ... ‘ Breach ... |
Tailwater Connection
Type: |5b0rage Area 2D Flow Area j
SA/DFA:  [Storage area: 194 Set SAJ2DFA ... || Weir Length: 4227.97
Centerline Length: nja
Overflow Computation Method
™ Normal 2D Equation Domain (no gates, no culverts) &+ |se Weir Equation
All Culverts: |Nn Flap Gates j Centerline GIS Coords...
Structure Type: |Weir,’GabestuIveristiversion Rating Curves j
Em\s":.i(’m':m HW connections based on X5 channel length's J
a5 s o3
Gate e
I} I
556
Culvert E e
B
i o
Diversian
RC =
s
Outit 5 = = e e8]
i | JJ

[Eelect River Station of Lateral Structure to Edit

zo

The Lateral Structure in RAS is used to model high ground at the edge of cross
sections (such as a levee) and has the same features as an inline structure.
However, a lateral structure is connected either to cross sections on another river
reach or to a storage area. The Headwater position indicates whether the structure
is next to the river channel (Banks) or at the edge of the floodplain (Overbank). This
is important, because RAS will use either the Channel Reach Lengths (Banks) or
the Overbank Reach Lengths (Overbanks) for computing the water surface for flow
computations over the lateral structure.

Lateral structures can also be breached, similar to the inline structure.
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Lateral Structures HEC

Lateral Weir Embankment
Weir Data e R S HW Lateral Structure Connections
Weir Width [ Insert Row | Delete Row | Filter... |
- - ¥ Computed Default Weir Stationing ™ User Defined Weir Stationing
Weir Computations: |5tandard Weir Egn ﬂ Station | Elevation - . .
S 1 ) 6110
Standard Weir Equation Parameters ] 775 660,73 XSRSs | wWeir Station |+ XSRSs | WeirStaton |
Weir flow reference: Water Surface — 14.37 659,49 174120 0 1]
— : : _2|7303s 1194.64 2|
Weir Coeffident (Cd) 1 4 36.68 555.34 3| 7215 2181.73 3|
5 52,49 652,44 _4[71394 2806.148 4
5 77.51 650,26 —5|70531 3673.115 |
7 97.23 648,67 L ClfeEkes 4439399 5|
— 7 7
Weir Crest Shape: |Broad Crested j _ 8 140.64 543.17 ] |
g 141,57 542,99 — —|
10 145.18 64236 10| 10
11 186.71 641,23 11 11
12 193.73 §40.93 % %
13 203.78 640.62 —al 24l
14 231.45 639,46 S BE
15 266,92 634,95 18] | 16|
Weir Stationing Reference el 276,19 633.66 % %
HW Distance to Upstream X5: 0 17| 298,74 53114 18| .| 13 B
18 32033 628.73 " "
19 330.05 626,85
20 350.9 622,54
21 365.67 519,59
HW Connections ... | I TW Connections ... I 27 393.19 517.45 j
oK | Cancel | 2

The weir embankment editor allows the user to specify whether to use the Water
Surface or Energy Grade line for the weir flow computations. If the lateral structure
is near the channel where velocities are high, the water surface should be used. If
the lateral structure is over out at the end of a wide cross section on the outside of a
river bend, the energy grade line should be used. The default weir coefficient is set
to 2 to indicate most lateral structures may not be very efficient. If the lateral
structure is used to connect a storage area for a tributary, a lower value of 0.5 or 1.0
is appropriate.
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The default option in RAS is calculate the intersection of the lateral structure with

the cross sections. This sometimes does not work correctly for the situation being

modeled. In those cases, use the user specified stationing option. The user

specified stationing option allows the user to specify the part of the lateral structure

that intersects with the cross sections.

In the example above, each cross section has a left reach length of 100 units. The

lateral structure on the left overbank is longer than 100 units on the outside of the

bend from 8 to 7 and 7 to 6, and is shorter on the inside from 3 to 2.

Floodplain Mapping for Dam Failures
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Topics

HEC
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1D Reservoir Modeling
Layout Options
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Upstream of Dam
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1D Reservoir Modeling Option S

* Model Reservoir with cross
sections

* Cross sections must include
channel information,
especially around dam both
u/s and d/s

* Allows for dynamic routing
of water (sloped water
surface)

30

There are two options for modeling a reservoir in HEC-RAS. The most accurate
way to model a reservoir is with an inline structure and cross sections up through
the reservoir. The cross sections should include the full channel bathymetry.

Modeling the reservoir with cross sections allows for dynamic routing a of the flood
hydrograph through the reservoir — allowing for a sloping water surface through the
reservoir pool.

Floodplain Mapping for Dam Failures
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Reservoir Modeling Option

* Model Reservoir with a Storage Area

* Must have 2 cross sections U/S from
inline structure

¢ Cross sections must include channel
down to dam invert on both side of the
inline structure

* Linear routing in storage area results in
horizontal water surface

A second option in HEC-RAS for modeling a reservoir is to use a storage area. The
storage area option requires a minimum of two cross sections upstream from the
inline structure (one cross section as a boundary condition with the inline structure,
the other cross section as the external boundary condition).

The cross section bounding the inline structure must go all the way down to the
channel bottom of the reservoir (as low as the intended breach will go on the inline
structure).

Floodplain Mapping for Dam Failures
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1D Reservoir Modeling Options S

U/S Boundary Lateral Flow
Hydrograph Hydrograph to SA
(and Initial Flow)

Initial Flow
Initial Reservoir

Stage on XS Initial
/ SA Stage
<«—— Gate Settings Initial Flow

The different modeling approaches require similar boundary and initial conditions.

Both the XS Approach and the SA Approach require Gate Settings on the Inline
Structure. Itis also a good idea to set the Initial Stage on the XS just upstream
from the Inline Structure to match what RAS will compute based on the Initial Gate
opening.

For the SA Approach you also need to set the initial Reservoir Stage (which should
match the Stage on the XS). Any flow into the reservoir is specified using the
Lateral Inflow Hydrograph option. A storage area only allows one lateral inflow
hydrograph, so all inflow must be combined.

For the XS Approach, you will need to specify the Inflow Hydrograph (or other) for
the U/S Boundary Condition.

Floodplain Mapping for Dam Failures
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Connecting a Storage Area

' Grometnic Data B

|F|be Ea) Opiions. View. TablesTooks G5 TooksHelp |

Change Hame

B Pra— P,

@&]
ans View Tables Tools GISTools Help

R e — )
jons Veew Tables Tools GIS Tools Help

i I}
Salect Fisach poin or junction o mesve. 10028, 1.20 A\

]|
e
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To utilize a storage area as an upstream boundary condition you must attach the
upstream end of a reach to the storage area. To do this, Select Move Object from
the Edit menu. This makes all of the nodes and labels availabe to move. Click on
the upstream most stream centerline node and drag it into the outline of the storage

area. You will be asked:

If you select Yes the storage area will become the upstream boundary condition for
the reach.

Floodplain Mapping for Dam Failures



Stage-Volume Curve

Storage Area Editor

Storage Area: [SayersRes | 4| 1] -+ eoron @R [&] Storage Area: Sayers Res  Volume Elevation Relationship. = | B )
Connections and References to this Storage Area Bt ] Table |
X5: R5=82303
oo
" Area times depth method Area (acres)
VolElev
Min Elev:
{# Elevation versus Volume Curve =
First elevation must have zero volume
Elevation  |Volume (ace-f) [ «
RES 0.
EE 0.01 _
3|50 20. =
4502, 80, 5
| 5|594. 180. B
| 6|5%6. 360, =
EES 750,
| 3|s00. 1330,
_9|s02. 2150.
10]504. 3030.
_11]e06. 4010,
| 12] 508, s100.
13510, 5300,
1512, 7540.
15514, 3150,
_16]515. 10850, I I
| 17]618. 12750, 0 50000 100000 150000 200000 250000
13520, 14340, §
Blen ey Volume  (acre-ft) j
20624 19660. - JED]

Plot Ve Eey ok | canesl |
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After the storage area is drawn and labeled, the user must enter data to describe
the storage area. This is accomplished with the storage

area editor, which is one of the buttons on the left side of the geometric editor. Press
the storage area editor button and the

above editor will appear. As shown in the figure above, the user has two options for
entering information about the volume of the storage area. The first option is a
simple area times a depth option. The user enters the area of the storage, and a
minimum elevation. The storage area is assumed to have the same area at all
elevations, therefore the volume is simply the depth times the area. The second
option is to enter and elevation versus volume relationship for the storage area. This
option provides more detail and accuracy, and is the recommended method
whenever possible. Also shown in the storage area editor are any connections or
references to that particular storage area.




Storage Area Inflow

& Unsteady Flow Data - PMF Event for SA Model =[BRS (£ Unsteady Flow Data - PMF Event for SA Model =)
File Options Help File Options Help
Boundary Conditions | Initial Conditions | _foply Dsta | Boundary Conditions | Initial Conditions | _foply Dets |
tage Hydrograph Flow Hydrograph Stage/Flow Hydr, Reating Curve Stage Hydrograph Flow Hydrograph StagefFlow Hydr . Rating Curve.
Marmal Depth Lateral Inflow Hydr. Urifarm Lateral Inflow Groundwater Interflow Marmal Depth Lateral Inflow Hydr Uriform Lateral Inflow Groundwater Interfiow
1.5, Gate Openings Elev Controlled Gates Havigation Dams. 16 Stage/Flow T1.5. Gate Openings m Navigation Dams 1B StageFlow
Rules = Rules B

A

Ad
1
Boundary Condition Boundary Condition

I‘EE 3 81454 IS |T.S. Gate Openings 1|BE le Cr. 81454 1S |T.5. Gate Openings
2|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Inflow 2|Bald Eagle Cr. Lock Haven 80720 Uniform Lateral Infio
3|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr. 3|Bald Eagle Cr. Lock Haven 76865 Lateral Infiow Hydr.
4|Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr. 4|Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.
5|Eal le Cr. Lock Haven 86041 Uniform Lateral Inflow 5|Bald Eagle Cr. Lock Haven 66041 Uniform Lateral Inflow
&|Bal 3 Lock Haven 28519 Lateral Inflow Hydr. 6|Bal le Cr. Lock Haven 28519 Lateral Inflow Hydr.
7|BaldEagle €. |LockHaven Lateral Inflow Hydr. 7|BaldEagle Cr.|LockHaven Lateral Inflow Hydr.
_8[Bald Eagle ock Haven Normal Depth |_8|Bald Fagle Cr Lock Haven Normal Depth

Add Boundar

Add Pump Statior ..

I AddRS ... | addstoragesrsa... | addsaconnecton...| addpumostaton . |

Storage/2D Flow Areas
1[sayersRes
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We can now have multiple hydrographs connected to one storage area, you just
need to add the storage area multiple times.




