Boundary & Initial Conditions

2.1 L-05

Boundary and
Initial Conditions

Obijectives:

e Know requirements and options for
boundary conditions

e Know initial condition requirements
e Review sources of data for both

References:

HEC-RAS River Analysis System, User’s Manual, Chapter 8, Performing an
Unsteady Flow Analysis, November 2002.
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Boundary & Initial Conditions

2.1 L-05

Unsteady Flow Data

e Initial Conditions — Required

m Establish flow and stage at all nodes at the start of
simulation

e External Boundaries - Required
m Upstream and Downstream ends of the river
m Typically flow or stage hydrograph upstream
m Typically rating or “normal depth” downstream
e Internal Boundaries - Optional
m Add flow within the river system
m Define gate operation

As with steady-flow applications, the Unsteady Flow data define flow and

starting conditions for the simulation. The model simulates a dynamic hydraulic

process on an segment of a river system network. To perform the hydraulic

calculations within the segment, the time-varying “Boundary Conditions” must be

defined for the “External Boundaries.”

The Unsteady Flow editor provides the options to defined:
 External boundary type and data
» Add internal boundary data
« Set the initial conditions for the start of the simulation
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Boundary & Initial Conditions

Unsteady Flow Data Editor

Unsteady Flow Data - Unsteady flow data - Sm... : : : =

Eile Options Help

{Boundan Condiions] el Conditions | FlacliDzn |

HEC-RAS 4.0.1 Beta2

File Edit Run “iew

Cntions  Help  Def

— = Select Location for Boundary Condition
Iil n ~9 @ ilﬁ-\ River: |Beaver Creek hd
Reach |Kentwnnd j River Sta: |5 a3
Fraject: |E ald E agle Creek Dam Ereak Study —

Eaur

Flar: |PMF - Froehlich Breach Parameters Stage Hydrograph ‘ Flow Hydrograp ‘
Geomatny: |E sisting GIS Data for Dam Break \ \
Steady Flow: |
Insteady Flow: IPMF Evert fram HMS I— T
L - - River Reach RS Boundary Condition Type -
Description : ||T he United States Arrap Caorps of Engir Beaver Cieek | Kentwoaod Flo araph itz
Beaver Creck | Kentwood 1

Storage Area and 54 Connectlions:

| Add aBoundary Condition Location

| | Storage Area or 5A Connection | Boundary Condition Type:
1

Obszerved high water marks set

Once all of the geometric data are entered, the modeler can then enter any
unsteady flow data that are required. To bring up the unsteady flow data editor,
select Unsteady Flow Data from the Edit menu on the HEC-RAS main window.
The Unsteady flow data editor should appear as shown above.

Unsteady Flow Data

The user is required to enter boundary conditions at all of the external boundaries
of the system, as well as any desired internal locations, and set the initial flow and
storage area conditions in the system at the beginning of the simulation period.
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Boundary Conditions: Upstream

e Editor shows required [EEETETReTEmrETs d

e Xte n al b oun d a rl es Boundary Condtians | Iniial cmi I _AgplyData |

e Boundary Type shows
available options

e Upstream options:

Sta.:
toundary Condition

m Stage Hydrograph
m Flow Hydrograph

m Stage & Flow
Hydrograph

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.
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2.1 L-05

5 | Unsteady Flow Data - Unsteady flow data
File= ©ptions Help

Boundary Conditions ] Initial Conditionz |

Select Location for Boundary Condition
River: |Beaver Cresk -
Feach: |Kentwood - | River Sta.. |5.0 ~ | Add a Boundary Condition Location |

B oundary Condition Types

Stage Hydrograph | Flaw Hydragraph | StageFlow Hydr. | Rating Curve |

Boundary Conditions: Downstream

3
Apply Data

Mormal Depth | |

m Stage Hydrograph
m Stage & Flow Hydrograph

River Reach R5 EBoundary Condition Type I
1] Beaver Creek Kentwood 5.959 I
2| Beaver Creek Kentwood 5.93

Beaver Creek Kentwood |50 [

e Downstream Boundary Options:

m Rating Curve
m Normal Depth

The downstream boundary can be:
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Stage Hydrograph - e.g., gage data on the stream, or tidal cycle
Flow Hydrograph - e.g., gage data converted to flow

Stage & Flow - e.g., combined observed stage and forecasted flow
Rating Curve - e.g., rating at a gauged location, or steady-flow rating
Normal Depth - e.g., average slope of stream to estimate energy slope
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Flow Hydrograph

—
Flow Hydrograph
River: Beaver Cresk Reach: Kentwood RS: 5,93 . R e ad fro m D S S
(" Read from D55 before simulation Select DS file and Path | .
File: |CSHEC Data‘\HEC-RaAS\Unsteady Examplesibeaver dss . Se I eCt D S S fl Ie
Path: |/BEAVER CREEK KEMTWOOD /5.99/FLOW /01FEB1993/THOURA
m Select Pathname
* Enter Table Data time interval: |1 Hour hd
Select/Enter the Data's Starting Time Reference
& se Simulation Time: Date: [10FEB1939 Time: 0000
" Fixed Start Time: Date: J Time: -
e Enter in Table
Mo, Ordinates Interpolate Miszing Walues | Drel Row | Ins Riow |
- . .
Date Simulation Time Flow - SeIeCt tl me Inte rVa.I
[haovrs] [cfz) .

1| 09Feb1393 2400 0000 kil | Se | ect start d a_te/tl me

2| 10Feb1333 0100 01:00 429.91

3| 10Feb1993 0200 0200 £15.78

4| 10Feb1333 0300 03:00 873.08 J | E nter fl OW d a.ta. = O r

5| 10Feb1333 0400 04:00 1193.07 ~
Time Step Adjustment Options ["Critical” boundary conditiong] Cut & paste
[ Monitor this hydrograph for adjustments to computational time step

tax Change in Flaw [without changing time step):
Fin Flow: Multiplier:
Flot Data | ok | Cancel |

Flow Hydrograph:
A flow hydrograph can be used as either an upstream boundary or downstream

boundary condition, but is most commonly used as an upstream boundary condition.

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 as shown on the next page. 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 user can use the pathname filters to reduce the number of pathnames
shown in the table. The last step is to select the desired DSS Pathname and to close
the window.
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Select DSS file and Path

Pick DSS Path

- BIX]

D55 File: |I::'\HEI: DatahHEC-RAS W Unsteady Exampleshbeaver.dss

ﬂ g Update Catalog

Select entire filkered list

Select highlighted D55 Pathname(s] |

Part & Fart B Part C Part [ Part E Part F ﬂ
Filter FLOWw 10YEAR EWNT
52| BEAVER CREEK KEMTWwOOD 5834 FLOWw! J1FEB1499¢ 1HOUR 10YEAR EWNT
53| BEAVER CREEK KEMTWwOOD 5913 FLOWw! J1FEB1499¢ 1HOUR 10YEAR EWNT
54| BEAVER CREEK KEMTWOOD 5593 FLOWw! J1FEB1499¢ 1HOUR 10YEAR EWNT
55| BEAVER CREEK KENTWOOD 5951 FLOWw! J1FEB1499¢ 1HOUR 10YEAR EWNT
56| BEAVER CREEK KEMTWOOD 5597 FLOWw! J1FEB1499¢ 1HOUR 10YEAR EWNT

A7 -

Plat Selected Pathnamels)

Clear List

JBEAVER CREEK KENTWOOD/5.93/FLOW /0TFEB1333AHOUR A0 YEAR EVNT /

Ok Cancel

When the Select DSS File and Path button is pressed a DSS file and pathname
selection screen will appear as shown above. First select 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 user can use the
pathname filters to reduce the number of pathnames shown in the table. The last
step is to select the desired DSS Pathname and to close the window.
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Enter Flow Data

{* Enter Table [rata time interval: |1 Hour j
Select/Enter the Data's Starting Time Reference

% |z Simulation Time: Date:  |10FEB1999 Time: 0000
" Fixed Start Time: Drate; | JTime: |

Mo, Ordinates Interpaolate Miszing Yalues | Dl Row | Ihiz Row
Hydrograph Data
D ate Simulation Time Fla -
[hourz] [cfz]
1| 059Feb1939 2400 00:00 A7 .58 i
Z  10Feb1333 0100 01:00 429.91
3|  10Febl19333 0200 0200 E15.75
4|  10Feb1939 0300 03:00 a7a.08
f| 10Feb1333 0400 04:00 1199.07 ﬂ

The user also has the option of entering a flow hydrograph directly into a table,
as shown above. The first step is to enter a Data time interval. Currently the
program only supports regular interval time series data. A list of allowable time
intervals is shown in the drop down window of the data interval list box. To enter
data into the table, the user is required to select either Use Simulation Time or
Fixed Start Time.

If the user selects Use Simulation Time, then the entered hydrograph will
always start at the beginning of the simulation time window. The simulation
starting date and time is shown next to this box, but is grayed out.

If the user selects Fixed Start Time then the hydrograph is entered starting at a
user specified time and date. Once a starting date and time is selected, the user can
then begin entering the data.
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Monitor Flow Rate-of-change

Time Step Adiustment Options ["Critical” boundany conditions]
| Monitor this hypdrograph for adpustments to computational time step

Min Flow: li W ualtiplier: ﬁ

Flot Data | QK Cancel |

e Added option for Flow Hydrograph data
m Set Maximum Flow Change in time step

m If input data exceeds max, program will
shorten computational time step

e Min Flow
e Multiplier

An additional option listed on the flow hydrograph boundary condition is to
“Monitor this hydrograph for adjustments to computational time step.”
When you select this option, the program will monitor the inflow hydrograph to see
if a change in flow rate from one time step to the next is exceeded. If the change in
flow rate does exceed the user entered maximum, the program will automatically
cut the time step in half until the change in flow rate does not exceed the user
specified max. Large changes in flow can cause instabilities. The use of this
feature can help to keep the solution of the program stable.

Also, the flow hydrograph for model boundaries can be monitored to ensure that
the flow values do not drop below an input minimum value. If the value is less than
the minimum, the value is set to the minimum.

Additionally, the flow hydrograph for model boundaries can be easily modified by
a constant ratio. This allows easy testing of model sensitivity to input flow values,
or an analysis of model results with larger flood events.

These features appear on most flow input editors.
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DSS Viewer
File BELEEES

Tire Copy Selecked Paths ...
Sta  Delete Highlighted Paths ...
Erg  Squeeze D55 File . i

0SS Time Seties Import ... |

Pathname

Start date & time
Time interval
Units

Data type

Enter data, or
Copy / Paste

Enter Data to a DSS file

0S5 Filename: "::\Doc:uments and Settingshqlhecsagity Documents g
Path: |

Date:  |0BMARTSS Time: 2400  Time interval: | THOUR -

Units: |ofs  v| Typer [INSTWAL +|

Ma. Ordinates | Interpalate Miszing Yalues | Del Raw | Ihs Fow |
Selected Area Global Edits
Add Constant | Multiply Factor | Set Values |

Time Series Data

Date Data -
08h4ar1 935 2400

7
2 0921935 0100
3 03k a1 995 0200
4 09821995 0300
5 09k ar1 935 0400
B
7
g

(09t4ar1 935 0500
09t4ar1 935 0600
09t4ar1 935 0700
g 09t4ar1 935 0300
10 09t4ar1 935 0300
11 09t4ar1 935 1000
12 09h4ar1935 1100
13 09t4ar1 935 1200 j

Export Time Series ta D55 Cloze |

Entering time-series data into a DSS file is an alternative to entering time-series

data directly into the simulation. By entering the data into the file, it is available for

use in other simulations. While DSS has DOS programs to accomplish data entry,

this is the easiest Windows method at this time.

The function is a DSS Viewer Utility. The Write Time Series Data to DSS

window provides for data entry of all the required pathname and header

information. Then the data can be entered directly into the table. Or, if the data are

available in a spreadsheet or similar table, the data can be copied and pasted into the

input table.

L- Boundary & Initial Conditions/Brunner/ Gee
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Sources of Time-Series Data

e Historic Records (USGS)
m Stage Hydrographs
m Flow Hydrographs
e Computed Synthetic Floods

e Peak Discharge with assumed time
distribution

e Rainfall-runoff modeling

Unsteady-flow modeling provides a dynamic solution for stage and flow
throughout the river network. The primary boundary data are time-series flow,
typically for a flood event. Where do you get that flow data?

For most program user’s, the simulation will route an upstream flow hydrograph,
using a downstream rating curve or normal depth. The upstream hydrograph can
be:

* Historic, like those obtained from the US Geologic Service.

* Synthetic, often, prior studies have computed and published synthetic floods like
the Corps’ Standard Project (SPF) or the Probable Maximum Flood (PMF).

* Modeling, using rainfall-runoff models like the Corps’ Hydrologic Modeling
System (HEC-HMS).

 Peak Discharge, and a time to peak estimate, can be used to provide a crude
hydrograph using the HEC-RAS interpolation routine (Triangle hydrograph). If a
Unit Hydrograph is available, that distribution can be used to develop a flow
hydrograph.

L- Boundary & Initial Conditions/Brunner/ Gee
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HEC-HMS Basin Schematic

= HEC-HMS 2.0.1 [C:\hmsproj\tenk\TENK.HMS]
File Edit View Comporerts Parameters Compube Resulls Tools Help
D B | 4 a b de b P 4T H BEWDOD

#iBasin Model [Tenk 1] Current Run [Run 1] =

s

Inl

Oparien elsortiog: o “Hage-HAAI o trme CHbay 2006, 1 34871

The HEC-HMS program can be used to model the rainfall-runoff process in the
contributing watershed (catchment). Even when there are some gauged data in the
watershed, the hydraulic model may require lateral inflow data and tributary flows
where no gauged data exists. A basin model can be developed to provide the
necessary data at all model locations. By careful coordination of study
requirements and key information locations, the model nodes can be identified and
modeled consistently among various computer programs. The data can be
conveniently transferred through different models using the HEC-DSS file system.
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Stage Hydrograph

e Read from DSS

River: Palaro Reach: Stern RS: 6511

55 fle and Path

" Read from D55 before simulation

Fie: |
Path: |
+ Enter Table Data time interval: |1 Hour -
Select/Enter the Data's Starting Time Reference
& Ugze Simulation Time: Date:  |08MARTIS5 Time: |2400
" Fixed Start Time: Date: Time:
Mo. Ordinates Interpolate Missing Values | Del Row | Ihz Row |
Date Simulation Time Stage s
[hourg) [f]
1| 08Mar1395 2400 00:00 3k
2| 09Mar1395 0100 01:00 215
3| 09Mar1395 0200 0200 455
4| 03ar1335 0300 0300 105
5| 09harl335 0400 04:00 1.7
E|  09har1995 0600 05:00 1258
7| 03har1395 0600 0:00 132
8| 03Mar1335 0700 07:00 145
9| 03Marl335 0800 08:00
10] 03Mar1 335 0300 0500
11 09Mar1 395 1000 1000
121 09Mar1995 1100 11:00 j
Plat D ata 0K Cancel |

m Select DSS file
m Select Pathname

e Enter in Table

m Select time interval

m Select start date/time
— Simulation time
— Fixed starting time
m Enter stage data - or
cut & paste

Stage Hydrograph:

A stage hydrograph can be used as either an upstream or downstream boundary

L- Boundary & Initial Conditions/Brunner/ Gee

condition. The editor for a stage hydrograph is similar to the flow hydrograph
editor shown above. The user has the choice of either attaching a HEC-DSS file
and pathname or entering the data directly into a table.
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Stage and Flow Hydrograph

" Read from D55 before simulation f DEDHie andPath
File: |
Stage |
Flow |
& Enter Table Diata time interval |1 Hour -
Select/Enter the Data's Starting Time Reference
f* Use Simulation Time: Date:  |08MARTI35 Time: |2400
" Fixed Start Time: Date: Time:
Mo, Ordinates Interpolate Missing 'V alues | Del Row | Ihz Row |

Date Simulation Time: Stage | Flaw -
[hours) | [ofs
1(  08Marl 895 2400 00:00 36 a00.
2 09har1 595 0100 01:00 8.15 5000
3 09har1 995 0200 0200 9.55 12000
4| 09Mar1395 0300 03:00 1058 19700
5| 09Mar1355 0400 04:00 1.7 30000,
B[  09har1 995 0500 05:00 125 38000,
7| 09Marl 995 0600 06:00 132 455800,
8  09kar1 555 0700 0700 145 E1200.
3| 03Mar1 355 0800 08:00
10 09Mar1335 0900 05:00 j
EEL Y PR Tran
Min Flawe ’— Multiplier: ’—
Flot D ata | Ok | Cancel |

e Upstream Mixed

m Stage used while
defined

m Flow used after

e Purpose:

m Real-time use

m Mix observed stage
with

m Forecasted flow

Stage and Flow Hydrograph:

The stage and flow hydrograph option can be used together as either an upstream

or downstream boundary condition. The upstream stage and flow hydrograph is a
mixed boundary condition where the stage hydrograph is inserted as the upstream

boundary until the stage hydrograph runs out of data; at this point the program
automatically switches to using the flow hydrograph as the boundary condition.
The end of the stage data is identified by the HEC-DSS missing data code of “-
901.0". This type of boundary condition is primarily used for forecast models
where the stage is observed data up to the time of forecast, and the flow data is a

forecasted hydrograph.

L- Boundary & Initial Conditions/Brunner/ Gee
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Rating Curve

- :
e Single value rating

" Read from D55 befare simulation oelect Uo4 file and Path |

o e Downstream boundary
e Read from DSS
— m Select DSS file
g - lggg-n - - m Select Pathname
mit i e Enter in Table
:EEE s m Enter stage- flow data -
0 or

[

m Cut & paste

%)

=

o

@

-

Plot [1ata 0K Cancel |

il

Rating Curve:

The rating curve option can be used as a downstream boundary condition. The
user can either read the rating curve from HEC-DSS or enter it by hand into the
editor.

The downstream rating curve is a single valued relationship, and does not reflect
a loop in the rating, which may occur during an event. This assumption may cause
errors in the vicinity of the rating curve. The errors become a problem for streams
with mild gradients where the slope of the water surface is not steep enough to
dampen the errors over a relatively short distance. When using a rating curve, make
sure that the rating curve is a sufficient distance downstream of the study area, such
that any errors introduced by the rating curve do not affect the study reach.

L- Boundary & Initial Conditions/Brunner/ Gee
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Normal Depth

e Enter Friction (energy)

Mormal Depth Downstream Boun... Slope
RiverPajaro Reach:Main Stem Y Program uses
Ficion Sizpe oo Manning’s equation to
0k__| _ Concel | compute stage

e Provides “Normal
Depth” downstream
boundary

Normal Depth:

The Normal Depth option can only be used as a downstream boundary
condition for an open-ended reach. This option uses Manning’s equation to
estimate a stage for each computed flow. To use this method the user is
required to enter a friction slope for the reach in the vicinity of the boundary
condition. The slope of the water surface is often a good estimate of the
friction slope.

As recommended with the rating curve option, when applying this type of
boundary condition you should place it far enough downstream of the study
reach, such that any errors it produces will not affect the results at the study
reach.
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Unsteady Flow Data - HEC Lat
Elle Options Help

Boundary Conditions I Initial Canditions |

Reach: | Main Stem

Select Location for Boundary
River. | Pajao -

3

Apply Data

~ | River Sta.: |53335 | Add a Boundary Condition Location |

59995
58681
Stage Hydiograph | Fl

low Hydrograph | 57062

MNormal Depth |

54373

52662
48798

e

48091 b

A

— Hpdr. ‘ Rating Curve |

River Reach

RS

| Boundary Condition Type

1| Pajaro M ain Stem

58395

2| Pajara Main Stern

Storage Area and 54 Connections:

5511

| Add 2 Boundary Condition Location

Flow Hydrograph

| ‘ Storage Area or 54 Connection | Boundary Condition Type
1 I

Adding an Internal Boundary

e Select:
m River
m Reach
m River Station
e Add a Boundary
Condition Location
e Location added to

the list of Boundary
Conditions

The Unsteady Flow Data editor automatically has the external boundaries
defined, based on the geometric data model. The user can add internal boundary
locations to define additional lateral flow. Also, when weirs with gates are added,
the gate operation will be defined as an internal boundary.

Select the River, Reach and River Station where the data will be added. Then

press Add a Boundary Condition Location. The location is added to the
boundary condition table.

L- Boundary & Initial Conditions/Brunner/ Gee
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Internal Boundary Conditions

e Lateral Inflow

Eile Options Help
Boundary Conditiors ] Initial Conditions | M H yd g p h
S elect Location for Boundary Condition ro ra
e Uniform Lateral
Inflow
| Lateral Inflawe Hydr, | Unifarm Lateral Inflow | Grounduweater |nterflow |
IE Stage/Fl
' ' e Jl| @ Groundwater
G Reach RS [ Bowndary Condition T | | I t ﬂ
1 F;\;:rlu M:T:SIem 59995 Flzl:vnHirdngr:pl:m 4 n er OW
2| Pajaro M ain Stem H3685
Hain Stem
.
e Also:

m Gate openings
m Navigation Dams
m Internal Stage/Flow

Lateral Inflow Hydrograph: This internal boundary condition allows the user to
bring in flow at a specific point along the stream.

Uniform Lateral Inflow Hydrograph: This internal boundary condition allows the
user to bring in a flow hydrograph and distribute it uniformly along the river reach
between two specified cross sections.

Groundwater Interflow: This option allows the user to identify a reach that will
exchange water with a groundwater reservoir.

THE FOLLOWING WILL BE PRESENTED IN THE GATE LECTURE

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 spillway
connecting two storage areas.

Elevation Controlled Gate. Define the opening and closing of gates based on the
elevation of the water surface elevation upstream from the structure.

Navigation Dams: Simulate the gate operations for navigation dams attempting to
maintain navigation depths.

L- Boundary & Initial Conditions/Brunner/ Gee 18
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Lateral Inflow Hydrograph

" Read from D55 before simulation candPath

File: |
Fath: |
{* Enter Table D ata time interval: |1 Hour hd
Select/Enter the Data's Starting Time Reference
* Use Simulation Time: Date;  [0SMARTI3S Tipe (2400
" Fixed Start Time: Date: Tirne:
Mo. Ordinates Interpolate Missing Y alues | Del Row ‘ Ins Row ‘
Hydiograph Data
Date Sirnulation Time Lateral Inflow -
[hours] [cfs) J
8] 03Mar 395 0700 07:00 0.
9] 09Marl 955 0200 08:00 973
10]_ 09Mar1 995 0300 05:00 357.48
11| D9Mar1 955 1000 10:00 801.96
12| D9Mar1955 1100 11:00 1410.338
13| D9Mar1 9551200 12:00 207.04
141 D3Mar1 3951300 13:00 2518.41 j

Time Step Adustment Options [* Critical” boundary conditions|
[~ Maonitor this hydrograph for adiustments to computational ime step

[ ax Change in Flow [without changing time step]:
tdin Flow ultiplier;
Plat Data | arK | Cancel |

e Lateral flow
downstream from a
Cross Section

e Read from DSS
m Select DSS file
m Select Pathname
e Enter in Table
m Select time interval
m Select start date/time

m Enter flow data - or cut &
paste

Lateral Inflow Hydrograph: This internal boundary condition allows the user to

bring in flow at a specific point along the stream. The user attaches this boundary
condition to the river station of the cross section just upstream of where the lateral
inflow will come in. The actual change in flow will not show up until the next cross
section downstream from this inflow hydrograph. The user can either read the

hydrograph from DSS or enter it by hand.

L- Boundary & Initial Conditions/Brunner/ Gee
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Uniform Lateral Flow Hydrograph

e e Uniform Lateral flow to

Inflowve will be evenly distributed from RS: "S3585" to RS: 52662 -
" Read from D55 before simulation Select DSS igggg ~ a re aC h e I e m e nt
| .
Path: | :
i e Add Internal Location at
{s Enter Table Data time interval: || 42083 v t .
Select/Enter the Data's Starting Time Ref Up R RS
e A stream River
" Fixed Start Time: D ate: Tirne: S ‘t D t RS
Mo. Ordinates Interpolate Mizzing Walues | Del Row | Ihz Row ‘ . e Own S re am
Hydrograph D'ata
Date Slle[IEZE:ﬁS]Tlme Later[zlfl?flow - . R ead fro m D S S
1 08Mar1995 2400 00:00
2| 03t ar!995 0100 0:00 .
3]__09Mar1356 0200 02:00 E T b I
4 DSM::1 955 0300 03:00 . n te r I n a e
5| 03 ar 335 0400 04:00 j

Time Step Adiustment Options ["Critical” boundary conditions]
[ Monitor this hydrograph for adjustments o computational ime step

tax Change in Flow [withaut changing time step]
hin Flow: | ultiplier: |
Plot Data | 0K | Cancel |

Uniform Lateral Inflow Hydrograph: This internal boundary condition allows
the user to bring in a flow hydrograph and distribute it uniformly along the river
reach between two specified cross sections. The hydrograph for this boundary
condition type can be either read from DSS, or entered into a table.

L- Boundary & Initial Conditions/Brunner/ Gee
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HEC-HMS Basin Schematic

= HEC-HMS 3.0.1 [C:\hmsproj\tenk\TENK. HMS] M=%

File Edit View Comporents Parametrs Compube Results Tools Help

Do @@ [% % & e bad FETa BEBMOE

~Basin Model [Tenk 1] Current Run [Run 1] e

HMS provides individual watershed flows locations. If a reach flows through a
watershed the hydrograph can be distributed along the reach with the distributed
flow boundary condition.
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Groundwater Interflow

——
— —————
e Add Internal Location at
River: Pajaro Reach: Main Stem RS: 53585
Inkestiows wil be betwssen RS:53585 1o RS: E2862 - U p Stre am R |Ve r R S
(" Read from DSS before simulation —
| e Set Downstream RS
+ Egler Table ‘ } Data time interval: |1 Hour - [ ) I n p ut G ro u n dWate r

elect/Enter the Data's Starting Time Reference

® Use Simulation Time: Date:  |0SMARTIIS Time: [2400

" Fived Start Time: Date: Time: Stag e

MNo. Ordinates Interpolate Missing Values Del Row Ins Row

Hydrograph D ata | | | . R ead fro m D S S
Date Simulation Time Groundwater Stage || = .
[hours] (i) . Enter In Table

1] 08+ar1995 2400 00:00
2| 09arl995 0100 01:00 y . .
3|_03Mar1995 0200 02:00 D L C ff
4 DSM::1SSEDEDD 0300 o arcy S OSS Oe ICIent
5| 05Mar1995 0400 04:00 j .

G d W ater Interflow P 1 D

e — | @ Distance between stages of

Distance over which the head acts [ft]: ,—

_ _ river & groundwater
Min Flow: ’— tultiplier ’—

Plot Data | Ok | Cancel |

Groundwater Interflow: This option allows the user to identify a reach that will
exchange water with a groundwater reservoir. The stage of the groundwater
reservoir is assumed to be independent of the interflow from the river, and must be
entered manually or read from DSS. The groundwater interflow is similar to a
uniform lateral inflow in that the user enters an upstream and a downstream river
station, in which the flow passes back and forth. The computed flow is proportional
to the head between the river and the groundwater reservoir. The computation of
the interflow is based on Darcy’s equation. The user is required to enter Darcy’s
groundwater loss coefficient (hydraulic conductivity), as well as a time series of
stages for the groundwater aquifer.

The groundwater algorithm is simplistic; simulating flow in only one direction,
laterally, perpendicular to the river. The groundwater aquifer is assumed to be very
large such the the interchange of water with the river has no impact on the
groundwater level.
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Darcy’'s Law

V=KS
V = Velocity (ft/hour)
K = Hydraulic Conductivity (ft/hour)
S = Slope (ft/ft) = Stage difference / Distance

Q=VA
Q = Flow (cfs)
A = Area, perpendicular to the flow ( ft2)

— Top width x length, if groundwater below channel

— Valley width x length plus channel depth x length, if
groundwater is above channel invert

Darcy’s Law (1856) applied the principles of fluid flow to the flow of water in a
permeable media. The velocity of flow equals the product of a coefficient times the
hydraulic gradient. The flow equals the velocity times the effective area = gross
area times porosity of the media. (Hydrology for Engineers, by LKP)

* In RAS, the slope is computed by the difference between the water elevation at

the cross section and the input groundwater elevation, divided by the input Distance.

» The area is length times the flow width.

» The length is the channel length for the reach element (between upstream and
downstream River Stations).

» The flow width depends on the groundwater level.

If the groundwater level is below the invert of the channel, the flow is down
from the channel and the width is the average top width.

If the groundwater level is above the invert, the width is the overbank width
plus the channel depth, estimated by the average channel water elevation
minus the groundwater elevation.
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Initial Conditions

2 Unsteady Flow Data - Unsteady flow d X H
o D g B o Requires an initial flow
Boundary Condtions | IniAl andiians 1 _Apply Data |
s o gttt for all reaches
" Use a Restart Fil Filename: I =
" Enter Initial flow distribution [ ] Entel’ Steady-ﬂOW a.t

e upstream boundary
Reach |Kentwood _~| Riversta: [5.99 | AddAFlow Change Location
||| e Can add a flow-change
location
e Pool elevation for
storage areas

|| e Use system status from
previous simulation
(restart)

| [River [Reach |Rs [ Initial Flov

1| Beaver Cresk. Kentwood

Import Min S Elevationfs]

| | Storage Area ‘ Initial Elevation
205

Initial Conditions 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. Select the Initial
Conditions tab to bring up the data editor, shown above. There are two options for
establishing the initial conditions.

The first option is to enter flow data for each reach and have the program
perform a steady flow backwater run to compute the corresponding stages at each
cross section. This option also requires the user to enter a starting elevation for any
storage areas in the system. This is the most common method for establishing
initial conditions.

A second method is to read a file of stages and flows written from a previous
run, which is called a “Restart File”. This is often used when running a long
simulation time that must be divided into shorter periods. The output from the first
period is used as the initial conditions for the next period, and so on. However, the
RAS model has a dynamic allocation procedure to overcome the time-dimension
limit.
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Initial Conditions Data

e Initial Flow data
m Should be nearly steady-state conditions
m Starting flow from upstream hydrograph
m Flow distribution from Steady Flow profile
e Initial Elevation in Storage areas
m Stage from historic data
m Initial early in event, dry conditions

e Hot Start file from previous simulation

In most applications, the initial condition is a steady-flow water surface profile
throughout the river system. If a constant flow is defined for each river reach, that
flow should represent a condition when flows are fairly stable, i.e., a period prior to
the start of the flood. The initial value should be the starting flow in the inflow
hydrograph. You do not want a large change in flow between the initial flow and
the first inflow value.

The flows in the river system should be consistent. For a complex river
network, resolve the flow distribution using steady-flow analysis. The new option
for optimizing the flow distribution could be used to help develop a consistent flow
set.

If flow is not steady at the start of simulation, you can use hydrologic routing to
estimate the flows through the river system. Flow changes can be input in the initial

condition, just like steady flow data. An HMS model could be used for this purpose.

Remember, the initial flow in the hydrologic model is steady flow.

The Hot Start file can be saved from a simulation. Additionally, this option may
be used when the software is having stability problems at the beginning of a run.
Run the model with all the inflow hydrographs set to a constant flow, and set the
downstream boundaries to a high tailwater condition. Run the model with
decreasing tailwater down to a normal stage over time. Once the tailwater is a
reasonable value for the constant flow, those conditions can be written out to a file,
and then used as the starting conditions.
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File and Options Menus

Unsteady Flow Data - Unsteady flow data
FIEN Options  Help

Mew Unsteady Flow Data

Open Unsteady Flow Data ...
Save Unsteady Flow Data

Save Unsteady Flow Data As ..,
Renarme Unsteady Flow Title ...
Delete Unskeady Flow File ...

5 Linsteady Flow Data - Unsteady flow data

Set Initial Conditions (flow and stage) from previ File

laliae Help

Exit CEo Delete Boundary Condition

. Inkernal RS Initial Stages ... far Boundary Con
Biv Flaw Minirnarm and Flow Ratio Table ...

Observed (Measured) Data »
Re.

. Cld River Diversion Adjustment ...

Stage Hydrograph | Flaw Hydrograph | Stage/Fl

The Unsteady Flow Window has the standard File Menu options. It is a good
idea to save the data before going on to the next step.

The Options Menu has four options:

* Delete an added Boundary Condition. You cannot delete external boundaries
because they are required.

* Internal RS Initial Stages to set a stage at the start of simulation.
* Flow Minimum and Flow Ratio Table

» Add Observed Data - this option is helpful when calibrating model to simulate an
historic flood event.
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Internal RS Initial Stages

e Select:

Riiwer. IPa|aro l Delete rowz) I Add kultiple

Reach: IMam Stem 'IHwerSta |53335 -] . [ | Rlver
O3l

and Initial Stag

m Reach
m River Station

e Add Location to
table below

ok | oo || @ Define Initial
Elevation

The initial stage can be set for a river station. Normally, this would be defined by
the computed water surface profile during the initial conditions stage of the
computation process. This option is useful at locations upstream from a control
structure where the initial stage is NOT the ‘normal’ backwater elevation.

Select the River, Reach and River Station where the initial stage is to be defined.
Then “click’ the Add an Initial Stage Location button. The location will be
added to the table below. Then you can enter the initial stage for that location.
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Flow Minimum & Flow Ratio Table

e Global Editing to:

[T M & Add constant,
Add Constant : Multiply Factor Set Values - Mu|t|p|y Values1 Or

Ratia Factar
1| Pajaro Main Stem 539995 . Set Va-l u eS

e Minimum Flow value
for boundary

e Multiplying factor to
modify hydrograph for
boundary

Unsteady Flow Data - Flow Minimum and Flow Factor. Table

The boundary hydrographs can be modified with global editing to:
Add a constant value to the input
Multiply input values by a factor
Set values to an input value
The following two options are also available on all flow hydrograph input windows.

1. The flow hydrograph for model boundaries can be monitored to ensure that the
flow values do not drop below an input minimum value. If the value is less than the
minimum, the value is set to the minimum.

2. The flow hydrograph for model boundaries can be easily modified by a constant
ratio. This allows easy testing of model sensitivity to input flow values, or an
analysis of model results with larger flood events.
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Observed (Measured) Data

e Time Series in
File Wiyt Help DSS

Bo  Delete Boundary Condition

. Internal RS Initial Stages ... far Boundarny Condition . H Ig h Water
Riv Flows Minimum and Flow Ratio Table ...

Observed (Measured) Data Time Series in D55 ... M ar kS
1 ) o ) High Water Marks ... da
Ll ©ld River Diversion Adjustment ...

Rating Curves (Gages) ..

Flow Hydogeph | StagedFion Fyd: I ]_ ([ Ratlng Curve
(Gage)

Unsteady Flow Data - HEC Lat

Stage Hydrograph

There are 3 options available to enter observed data:
1. Time-series data can be entered to define observed stage or flow data. There
data must be in a DSS file.

High-water marks can be defined

A Rating Curve can be defined
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Observed Time Series Data

Set Locations and Paths for Observed Data in DS5

River:  [igElElLE)

Delete row from table
j Add selected location to table

DnDist | DS5Fie |

| Riiver Sta; [59935
Reach | RS |

Feach: |Main Stem
River |

(]
i

»

ﬂ g Update Catalog

Part E | Part F

DSS File: |

Part & | Part B | Part C ‘ Part D
Filter | | | |

| <4 Prawous‘ Newt »> |

Select DSS Pathname

Ok | Cancel |

Plat S elected Pathname

e Add Selected location
m River
m Reach
m River Station

e Select DSS File

e Select Pathname to
read Observed Data

Observed time-series data can be added to the unsteady flow data set. First
select the model location where the observed data would apply. Select River,
Reach, and River Station and press Add selected location. The location will
appear in the table below. Several locations can be selected.

The second step is the selection of DSS records to read the observed data. The
lower half of the window has the standard DSS file and record selection features.
Filters can be selected for pathname parts to facilitate record selection. A DSS
Record should be selected for each Location selected. Remember the time window
set for the simulation will be used to extract the observed data, so be sure there is

observed data for the time window.
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High Water & Rating Curves

e High Water
River: |Pajaro - Add Multiple... | Delete Row .
Reach: [Main Stem i ks WS | Se|eCt |OC8.'[IOn

[DnDist | High*wster | Add an ObS WS

m Define Distance
downstream &
oK | Cancel | Help | Stag e

'
A — e Observed Rating

Measured Rating Curve

m Select location

River:

Reach: l—j Stage [ft] | Flow jofs) i‘ .
River Sta.: - . D|Stance
e I downstream

Description:
Measured Point Data ... j

Plot... | ok | cancel |

m|"d|m|'~"‘h|m|'\l|—‘

m Stage — Flow data

High Water Marks can be defined for locations along the river reach.

First the nearest upstream cross section is selected and added to the Observed Water
Surface Locations. The distance downstream from the section and the observed
stage are then entered in the table.

Observed Rating provides for a Rating Curve or Measured Flow Data to be
entered.

1. The Rating curve is defined in typical Stage — Flow relationship, starting from
the lowest stage and sequentially increasing.

2. The Measured Point Data is entered by pressing that button and entering the
observed stage and flow, along with optional description. These data do not
have to define a complete rating.
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Final Existing
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High Water Marks can be defined for locations along the river reach.
First the nearest upstream cross section is selected and added to the Observed Water

Surface Locations. The distance downstream from the section and the observed

stage are then entered in the table.

Observed Rating provides for a Rating Curve or Measured Flow Data to be

entered.

the lowest stage and sequentially increasing.

The Rating curve is defined in typical Stage — Flow relationship, starting from

The Measured Point Data is entered by pressing that button and entering the

observed stage and flow, along with optional description. These data do not

have to define a complete rating.
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|HEC Lat \

File Unsteady Flow Data

C:h My Documents\RASAS uppart Files\Elizbeth Garcia

shortenedpaj + sal, rating curve
shortenedpaj, rating curve, lat inflow
HELC Lat

salpal_unstdy.ul
salpal_unstdp.u09
salpal_unstdp.ul0

ak | Cancel | Help | Create Folder ... ‘

FirstD ata - Meed to Refine Initial Conds salpal_unstdp.ull [ [y

Second Geomety salpal_unstdy.ul2 25 Dacuments and Settings
refined salsi+paj geod zalpal_unstdy.ud3 Y qlkecsag

shorter pajaro geod salpa_unstdp.u04 =) "

2nd Geametry- Just Pa). Cd salpal_unstdp.uls ¥ Locuments
complete pajaro geod salpal_unstdy.ulB Ras §

shortened just paj, rating curve salpa_unstdp.ul? {3 Suppart Files

& Elizbeth Garcia

(=}

|Select dive and path and enter new Titls.

e Save Unsteady Flow Data
e Provide Descriptive Title
e Ready for Unsteady Simulation

— — |
—————
Save Linsteady Flow Data As
Title File Mame Selected Folder Default Project Folder | 4y Documents |

After entering all required data, save the file to permanently write the data to
disk. Once complete, the next step is to set up an unsteady flow simulation. As
with steady-flow simulation, a Plan is established using a Geometry and Unsteady

Flow file.
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