Unsteady Flow Modeling for
Reservoir Analysis with HEC-RAS

Stanford Gibson, PhD
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Boundary and Initial Conditions,
and
Computation Options
and Tolerances
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Unsteady Flow Data

= External Boundaries required

» Upstream and Downstream ends of the river
» Typically flow or stage hydrograph upstream
» Typically rating or “normal depth” downstream

= |nternal Boundaries can be added

» Add flow within the river system
» Define gate operation

= |nitial Conditions - at the start of simulation

®
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Unsteady Flow Data Editor

B HEC-RAS 5.0.3
File Edit Run View Options GIS Tools Help

SED

A4

£l

%@ || 5 ¥lmm] A5 Alx

Project: Bald Eagle Creek Example Dam Break Study
Plan: PMF Event No Breach

Geometry: Existing GIS Data Nov 2006

Steady Flow: |

Unsteady Flow: PMF Event from HMS

Description : |The United States Army Corps of Engineers has grante

A, Unsteady Flow Data - PMF Event from HMS
File Options

Boundary Conditions | Initial Conditions |
Boundary Condition Types

Help

eral Inflow | Groundwater Interflow

| Eley Controlled Gates | . ' I iR
[aSy =]

| Precipitaton |

Add Boundary Condition Location

AddRS ... | Add SA/2D Flow Area ... I Add SA Connection | Add Pump Station ... |
River Reach RS Boundary Condition
1|Bald Eagle Cr. Lock Haven 137520 Flow Hydrograph
2|Bald Eagle Cr. Lock Haven 136948 Uniform Lateral Inflow
3|Bald Eagle Cr. Lock Haven 81454 T.S. 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.
|£ Bald Eagle Cr. Lock Haven -1867 Normal Depth
- ]
Storage/2D Flow Areas Boundary Condition
1]193 Lateral Inflow Hydr.




Upstream Boundary Conditions

= Flow Hydrograph
» Stage Hydrograph

= Stage/Flow
Hydrograph

A Unsteady Flow Data - PMF Event from HMS - O X
File Options Help
Boundary Conditions | Initial Conditions |
Boundary Condition Types

|

I { Lateral Inflow Hydr. il Uniform Lateral Inflow | Groundwater Interflow
| Precipitation | 7Ny
Add Boundary Condition Location
AdRS ... | AddsA/2DFlowArea... | AddSA Connection...|  Add pump Station .. |
Select Location in table then select Boundary Condition Type
River Reach RS ition
1|Bald Eagle Cr.  |Lock Haven 137520 &JFlow Hydrograph )
2|Bald Eagle Cr. Lock Haven 136948 al Inflow
3|Bald Eagle Cr. Lock Haven 81454 T.S. 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 Normal Depth
Storage/2D Flow Areas Boundary Condition
1|193 Lateral Inflow Hydr.




Flow Hydrograph

Time Step Adjustment Options ("Critical” boundary conditions)
™ Monitor this hydrograph for adjustments to computational time step

Plot Data I OK Cancel |

Min Flow: [— Multiplier: i—

-
Flow Hydrograph
River: Nittany River Reach: Weir Reach RS: 60.1 |
(" Read from DSS before simulation [ Select DSS file and Path I {
File: |
path: |
% Enter Table Data time interval: |1Hour e
Select/Enter the Data's Starting Time Reference
% Use Simulation Time: Date: [J0BAPR1999 Time: 0000
|
" Fixed Start Time: Date: _I Time: J
' No. Ordinates | Interpolate Missing Values | Del Row | Ins Row |
Date Simulation Time Flow -
(hours) (cfs)
1 07Apr1999 2400 00:00 5179.57 [
2 08Apr1999 0100 01:00 5716.45
3 08Apr1999 0200 02:00 6605,13
4 08Apr1999 0300 03:00 7836.48
5 08Apr 1999 0400 04:00 9397.87
6 08Apr 1999 0500 05:00 11273.28
7 08Apr1999 0600 06:00 13443.47
8 08Apr1999 0700 07:00 15886. 16
9 08Apr 1999 0800 08:00 18576.29
10 08Apr1999 0900 09:00 21486.26
11 08Apr1999 1000 10:00 24586.21
12 08Apr1999 1100 11:00 27844.32
13 0B8Apr1999 1200 12:00 31227.16
14 08Apr1999 1300 13:00 34700.03
15 08ADr1999 1400 14:00 38227.28 LI

= Read from DSS
» Select DSS file
» Select Pathname

= Enter in Table
» Select time interval

» Select start
date/time

» Enter flow data - or
cut & paste [l
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Flow Hydrograph

Flow Hydrograph

River: Nittany River Reach: Weir Reach RS: 60.1

(" Read from DSS before simulation [ Select DSS file and Path I ]
= Min Flow
path: |
] n
% Enter Table Data time interval: |1 Hour v [ ] M I tl I I r
Select/Enter the Data's Starting Time Reference ]
| | Use Simulation Time: Date: PSAPR19S9  Time: D000
|
" Fixed Start Time: Date: _I Time: |
' No. Ordinates | Interpolate Missing Values | Del Row | Ins Row | ,
Date Simulation Time Flow -
(hours) (cF) [
: | 07Apr 1999 2400 00:00 5179.57 . ro ra
2 08Apr1999 0100 01:00 5716.45
3 08Apr1999 0200 02:00 6605.13
4 08Apr1999 0300 03:00 7836.48 H -
5 08Apr 1999 0400 04:00 9397.87 0 n I 0 r 0 r I l I I e
6 08Apr 1999 0500 05:00 11273.28
7 08Apr1999 0600 06:00 13443.47 R a
8 08Apr 1999 0700 07:00 15886. 16
£ 08Apr 1999 0800 08:00 18576.29 I C I n g
10 08Apr1999 0900 09:00 21486.26
11 08Apr 1999 1000 10:00 24586.21
12 08Apr1999 1100 11:00 27844.32 "= - - o < l
13 08Apr1999 1200 12:00 31227.16 Minimum time Step fo time StIC]ng (hl'S). 0
14 08Apr1999 1300 13:00 34700.03 : 3 t - 20
= s —= 22795 [~ Maximum number of time slices: |
Time Step Adjustment Options ("Critical” boundary conditions)
[~ Monitor this hydrograph for adjustments to computational time step
®
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Downstream Boundary Conditions

A Unsteady Flow Data - PMF Event from HMS - (] ®
File Options Help Ik
Boundary Conditions | Initial Conditions |

= Downstream e ———

Options: I
Rules | Precpitaton | W B|

» Normal Depth

= Select Location in table then select Boundary Condition Typ
» Rating Curve e e

1|Bald Eagle Cr. Lock Haven 137520 Flow Hydrograph
2|Bald Eagle Cr. Lock Haven 136948 Uniform Lateral Inflow
> Stage Hyd rog ra ph 3|BadEagie Cr. _|LockHaven __[81454 __|T.S. 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.
» Flow Hyd rogra ph aes e (e [ teaihs
8| Bald Eagle Cr. Lock Haven 28519 Lateral Inflow Hydr.
9|Bald Eagle Cr. Lock Haven 1 Lateral Inflow Hydr.
’ Stage & FIOW IHBaldEadecr. Lock Haven -1867 Normal Depth
[ —— R — ||
Storage/2D Flow Areas it

H yd rog ra p h 1]193 Lateral Inflow Hydr.
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Computation

A Unsteady Flow Analysis

File Options Help

Plan : PMF - Froehlich Breach Parameters Short ID  |PMF+FloelichBrch

Geometry File : |Exismg GIS Data for Dam Break

Unsteady Flow File : IPMF Event from HMS
Plan Description :

Programs to Run

[V Geometry Preprocessor

¥ Unsteady Flow Simulation
[~ Sediment

[V Post Processor

‘| ~simulation Time Window

Starting Date:

Ending Date:
Computation Settings
Computation Interval: 20 Second
Mapping Output Interval: |1 Hour

! | I” Computation Level Output

DSS Output Filename: |C:\Users\aOheccta\Documents\HEC Data\HEC-RAS\Unsteady @] X |
[~ Mixed Flow Regime (see menu: "Options/Mixed Flow Options ...") debug parameters |

fouanises T
[osianisss |

Starting Time: 1200

Ending Time: IOOOO

1 Minute
1 Hour

i

Hydrograph Output Interval:
Detailed Output Interval:

-

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

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, COMPULE

I

= Computation Time Step
= Hydrograph Output
= Detailed Output

Mixed Flow Regime

Unsteady Mixed Flow Options
Exponent for Froude number reduction factor m (m>0): M
Froude number threshold for eliminating acceleration terms: [0.3 i
Local Partial Interia Filter
1.0 T <5 == 8
0.9 1 ""w.\k —m=2
0.8 1 \"\ m=4
0.7 3 Y m=8
. ., e e
5 06 i
ﬁ | \\\ —m=32
; 0.5 \\ s
% 0.41 NS —m=128
= i
0.1 R
O,D T T T T T T T T T 1 '
0 01020304 0506070809 1 ,
Froude Number
ok | cancel | ®
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Computation Options

HEC-RAS Unsteady Computation Options and Tolerances
General (1D Options) | 20 Flow Options | 1D/20 Options |
~Unsteady Flow Options -
Theta [implicit weighting factor] (0.6-1.0): Il Number of warm up time steps (0 - 100,000): IO
Theta for warm up [implicit weighting factor] (0.6-1.0): |l Time step during warm up period (hrs): IO
Water surface calculation tolerance [max=0.2](ft): |D.02 Minimum time step for time slicing (hrs): IO
Storage Area elevation tolerance [max=0.2](ft): I0.0Z Maximum number of time slices: |20
Flow calculation tolerance [optional] (cfs): I - ‘s |2—
N or b e e B e sk Aons (ALK L TOR e )T 100 Lateral Structure flow stability factor (1.0-3.0):
Inline Structure flow stability factor (1.0-3.0): |1
Maximum number of iterations (0-40): [20 Weir flow submergence decay exponent (1.0-3.0): 1
Maximum iterations without improvement (0-40): I Gate flow submergence decay exponent (1.0-3.0): Il
DSS Messaging Level (1 to 10, Default = 4) |4
Geometry Preprocessor Options 1D Equation Solver
—Family of Rating Curves for Internal Boundaries ] {+ Skyline /Gaussian (Default: Faster for dendritic systems)
ﬁ Use existing hT bo:lndary tal:r!es when possble. " Pardiso (Optional: May be faster for large interconnected systems)
R e Number of cores to use with Pardiso solver: IAH Available "'l
Cancel | Defauits... |

= Theta = Water Surface = Stability Factors
1 = Most Stable Tolerance 1 = Most Accurate
3 = Most Stable ®
1 BUILDING STRONG,




Outline

= Boundary Conditions and Computation
* |nline Structures and Gates

= Reservoir Modeling Layout Options

®
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Entering Inline Structure Data

w

File View Options Help
River: |Reservoir | i | +ﬂ|
Reach: [Drawdoum LI River Sta.:|61503 LI H ﬂ

|
| Upstream xs: __ 61871 Upstream channel length: 2062.22 (ft)
| Description [FaII Creek Dam

Pilot Flow [D Breach (plan data) ... | Rules (unsteady data) ... |

All Culverts:  |No Flap Gates |
Em\:}gj;m{m J
\'z 1100 b Legend
Gate ] Ground
. .
IEI" 1000 Bank Sta
W ]
Culven e‘* ]
& | = g0
Outie 2 ]
] -
vl -
Outet | 5 8001
TS ]
[~ ]
7001
600 +——————————————— g 693
0 2000 4 - ]
.0 ]
Station (ft) | £ gg01
(] ]
i W :
elect the river for inline structure editing \ ]
\ 670 '
1 3600 3700 3800 3900 4000

Station (ft)




Weir and Embankment Profile

Distance + Width < U/S XS
Reach Length

Weir include top of dam
and spillway

Weir Coef. used for both
dam and spillway

Inline Structure Weir Station Elevation Editor

=
Distance
(= |25 3.82
Clear | Del Row I Ins Row | Filter... |
Edit Station and Elevation coordinates
Station | Elevation -
__1lo. 683.
2| 1700. 683.
3| 1700. 657.
__4|2300. 657.
__5|2300. 683.
616980, 683.
7
R’ L'
U.S Embankment SS I3. 5 D.S Embankment SS ]3. 5
Weir Data
Weir Crest Shape
(" Broad Crested
(@ Ogee Spillway Approach Height: |12 I‘
Design Energy Head: 20 e |
OK l Cancel |
Enter distance between upstream cross section and deck/roadway. (ft)
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Sluice
Radial
Overflow

User Defined
Curves

Gates

=
Inline Gate Editor

-
Gate Group: |Gate #1 =1 8] 2| O 45| x| B
Gate type (or melhodology)JRadial L]
Geometric Properties — Gate Flow
Height: |15 Radi_all el _ e
Width: |77 Radial Discharge Coeffident ;
Trunnion Exponent: F
Invert: |590
) Opening Exponent: [1
#Openings: P Head Exponent: |0.5
Centerline Stations Trunnion Height [—0
Station = Submerged Orifice Flow
—é— 3;2' || | | Orifice Coefficient (typically 0.8): [o.8
3 Head Reference: |Center of opening v |
4
) Weir Flow Over Gate Sill (gate out of water)
E Weir Shape: IBroad Crested L]
=
8
059 Weir Coefficent: |3
10
’_]i
= [ ~]

)

15
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Gate Settings

=
A Unsteady Flow Data - PMF Event for SA Model

[E=ERSC)

File Options Help
Boundary Conditions | Initial Conditions |

Boundary Condition Types

Lateral Inflow Hydr. |

l Groundwater Interflow |

|
1.5, Gate Openings | Elev Controlled Gates |

Add Boundary Condition Location

W] |

; AddRS ... |  Addstorage Area... |  AddsAConnection...| addPump Station . |
| Select Location in table then select Boundary Condition Typ
' River Reach RS Bounda pdition
1|BaldEagle Cr.  |Lock Haven 81454 (& |T.S. Gate Openings >
| | 2|BaldEaglecr.  |Lock Haven 80720 orm Lateral Int
' 3|Bald Eagle Cr. Lock Haven 76865 Lateral Inflow Hydr.
4|Bald Eagle Cr. Lock Haven 67130 Lateral Inflow Hydr.
I 5|BaldEagle Cr. | Lock Haven 66041 Uniform Lateral Inflow
6|Bald Eagle Cr.  |Lock Haven 28519 Lateral Inflow Hydr.
' 7|Bald Eagle Cr.  |Lock Haven 1 Lateral Inflow Hydr.
: “8|BaldEagle Cr. | Lock Haven 1867 | Normal Depth
Storage/2D Flow Areas | Boundary Condition
1|Sayers Res Lateral Inflow Hydr. [

Initial internal water surface elevations set

= Add the Inline
Structure station as
a BC location to
Specify Gate
Settings

®
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Gate Boundary Conditions

Gate Openings

=

River: Nittany River Reach: Weir Reach RS: 41.75

Gate Group: -] 3 1]

(" Read from DSS before simulation SelectDSS fleandPath |
File: |
Path: |

: (& Enter Table Data time interval: |1 Hour |

-Select/Enter the Data's Starting Time Reference -
(¢ Use Simulation Time: Date: [DBAPR1999 Time: 0000

" Fixed Start Time: Date: I me: l

7

Elevation Controlled Gates

Upstream WS elevation at which gate begins to open:
Upstream WS elevation at which gate begins to dose:

Gate Group ILeft Group L‘ il 1]
Reference: Based on upstream WS v
~Upstream WS Elevation Reference

4

1T

: Gate Opening Rate:(ft/min):
No. Ordinates | Interpolate Missing Values | DelRow | InsRow | A
ate: H
| g Sale:(ftin) 0.1
! Date Simulation Time | Gate Opening Height Maximum Gate Opening: 0
i (hours) ) - .
1| 07Apr1999 2400 00:00 3. Minimum Gate Opening:
2| 08Apr1999 0100 01:00 3.23 i : o
|| [ 3| _osapr1999 0200 02:00 3.47 i Initial Gate Opening (Optional):
| | 3| osapr1999 0300 03:00 3.7 = R
| 5| 08Apr1999 0400 04:00 3.93 L — '~----ma'-----'--_‘5"‘:l-----f'
6| 08Apr1999 0500 05:00 4,17 — —
7| 08Apr1999 0600 06:00 4.4
| | 8| _osapr1399 0700 07:00 4.63
9| 08Apr1999 0800 08:00 4.87 =
®
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Outline

= Boundary Conditions and Computation
* |nline Structures and Gates

= Reservoir Modeling Layout Options

®
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Reservoir Modeling Option
A

= 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)

®
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Initial Internal Stages

* |nternal RS Initial Stages
used to set initial water
surface at a XS

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

A Unsteady Flow Data - PMF Event for SA Mode

File | Options | Help

Bo Delete Initial Flow(s) From Table ...

In DSS Pathname Summary Table ...

: v Internal RS Initial Stages ... g

1 Flow Minimum and Flow Ratio Table ... Y. conctions)

Observed (Measured) Data >

! Old River Diversion Adjustment ... _E’ﬂ
1§Bald Eagle Cr. Lock Haven 82303 1068
2fBald Eagle Cr.  |Lock Haven 81914 1000
3 Eagle Cr. Lock Haven -897

balance of outlet
size/gate opening and
water surface.

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

[” Keep initial elevations constant during warmup

Import Min SA Elevation(s)

|

)

Storage Area/2D Flow Area Initial Elevation
11190 535
2]191 537
L4 3]|192 546
Unsteady Flow Data - Initial Stages 4/193 559.7
5154 595
Reach: [Lock Haven | River sta.: |82303 Rl | 7|Sayers Res 657

Locations and Inital Stages
River Reach RS v
1|Bald Eagle Cr.

Lock Haven 81914

Initial internal water surface elevations set

20
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Operation Rules for Gated

Structures

:
= Unsteady Flow Editor e

. - Boundary Conditions I Initial Conditions | g
R u I e S b O u n d a ry Select Location for Boundary Condition

River: |CowHouseCk ~|

Co n d i ti O n Reach: |1 LI River Sta.: |12500 v | Add a Boundary Condition Location|

Boundary Condition Types

= |nline/Lateral e 1 I I

T.5. Gate Openings | Elev Controlled Gates | Mavigation Dams | |

Structures ——

River Reach RS Boundary Condition Type -
1| CowHouseCk 1 12500 Flow Hydrograph
- Sto rage Area 2| Hamey 1 733 1S |GOES
L 3| Hillsborough 1 B05400 Flow Hydrograph
C onne Ctl ons 4| Hilsborough 1 605101 | Lateral Inflow Hyd.
5| Hillsborough 1 605100 Lateral Inflow Hydr.
6| Hillsborough 1 604939 IS | T.5. Gate Openings
7| Hillsborough 1 B602447* | Lateral Inflow Hydr.
C 0 n t ro I S 8| Hillsborough 1 602400 |Lateral Inflow Hydr.
9| Hillsborough 1b 601300 Lateral Inflow Hydr.
101 Hillshorrninh 1h RO1NRN | ateral Inflow Hurde LI
’ G ateS Storage Area and SA Connections: [ j Add a Boundary Condition Location|
. . - Storage Area or 54 Connection Boundary Condition Type
» Weir Coefficients i

» Min/Max Flow

= Rules are evaluated at
every time step BUILDING STRONG,

Initial intemal water surface elevations set
Observed DSS data set




User Defined Rules Editor for
Operating Gated Structures

Operation 3801
'PoolElev' = Cross Sections:\WS Elevation(Missouri River,Missouri, 811,076, Value at current time step) ]
'Flushing Time' = Time:Hour of Simulation(Beginning of time step) 3751
Cat imitial ANAN e Bminie fmr D Paye ~ 3701 -
| al JUUUU CTS TIOWS TOr £ Lays é 1
c 3
2 365:
‘g ]
® 360; LU UL L
w ] — — — —
3551
3501
B S S S S S S S B B R S B S B S S S S S N S B S B B R R S |
0 50 100 150 200 250 300
Station (m)
12201 -70000
ng) later Total Gate Flow
1210 60000
) ]
u 12004 Low Gates Flow /____/ 50000
Structure.Total Flow (Desired) = 3000 E 11907 ,-/ 140000 &
. ) - Stage X2
End T€ g >
EndI & \Yy : 3
End If ® 1180 TWarm-up _Draining _:Transition! 7 Day Flushing Refilling 30000 &
30k cfsin 160k cfsin | 60k cfs in T okcfsin
11707 60k cfs out <60k cfs out) 60k cfs out 60k cofs out | 20000
1160 aX E F10000  |®
5 x !
1150+ S - B — 10 .
08 10 12 14 16 18 20 ’®
I Oct2015
Time
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