Linear Routing: Floodrouting

* Two (2) types of floodrouting of a hydrograph
— Linear — Muskingum

H EC_RAS |ntrOdUCti0n — Reservoir — Storage-Indication / Modified Puls

Shirley Clark

o TN S » Hydrograph (Flow versus Time).

— Floodrouting — input of the inflow hydrograph into a
Robert Pitt “Wedge” (Linear) or a “Pond” (Reservoir). The outflow
University of Alabama hydrograph will be “dampened” such that the outflow
hydrograph’s peak will be less and delayed.

April 26, 2004

_ Uniform Open Channel Flow — Brays B.
Uniform Open Channel Flow

Brays Bayou

Manning’s Eqn for velocity or flow

1
V= - R23JS S.I. units

V= 149 R*v/S English units
n
where
n = Manning’s roughness coefficient
R = hydraulic radius = A/P
S = channel slope
Q =flow rate (cfs)=v A
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Figure 7.5 Occurrence of critical depth. (a) Change in flow from subcritical to supercritical

ical velocity distribution in an o at a break in slope. (b) Free outfall. Mild slo
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MNonuniform flow encrgy equation. For steady flow between two stations, | and 2, a distance L apart,
Circular
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en channel sections.

Optimal Channels
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Figure 7.7
(a) Example of an M1 profile. (b) Example of an M2 profile.

White water rafting, Browns Canyon, Colorado

Backwater Profiles - Compute Numerically

With natural or man-made channels, the shape, size, and

slope may vary along the stream length, x. In addition, S
velocity and flow rate may also vary with x.

15 = Channel bottom

H=z+y+(av’/ 29) :
dH dz y+£ dv’

Elevation (ft)

= —_— — — s )

dX dX dX 2g dX _—llﬂtll—ljﬁllﬂ—]EIEI]—IJEH(I—IEIII —}Lun —600 —-1;1_—;}_‘1
Distance from outfall (ft)

H = total energy head Figure E7.5(b)

z = elevation head,

av?/2g = velocity head
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Routine Backwater Calculations

1. SelectY, (starting depth)

. Calculate A, (cross sectional area)

2

3. Calculate P, (wetted perimeter)
4. Calculate R, = A,/P,

5. Calculate V, =Q /A,

6. SelectY, (ending depth)
7

8

9

. Calculate A,

. Calculate P,

. Calculate R, = A,/P,
10. Calculate V, = Q,/A,

Watershed Hydraulics

Bridge

. Calculate B

. Calculate L = AX from first equation |Be

Backwater Calculations (cont’d)

. Prepare a table of values
2. Calculate V,,=(V,+V,)/2
. Calculate R, = (R, +R,) /2

nv,
1.49R3

Manning’s

. X =YAX, for each stream reach (SEE SPREADSHEET)

HEC-RAS: Background

model of the U.S. Army Corps of
Engineers
= cross-section geometry and flow rates
= flood water elevations
Cross-Section Schematic

Normal Water Surface Flood Water Surface
]

Floodway Floodway

Left Bank Station Main Right Bank Station
Channel




HEC-RAS: Cross-Section B 3-Dimensional River Channel
Description

Waler Creek 1) Flan 01 1/13/98
2428

05 KO 05 ® Points describe
channel and
floodway geometry

Legend

EG PF#t
WS PR
e

® Bank station
locations
Graund

L ] o .
Bank Sta CrossSectionLine

® \Water surface
elevations and
floodplain

In ~ovem Al il

Elevation (ft)

1200 1400 1600
Station (ft)

Example

» Calculate the water surface profiles for two
discharges in the channel described in the
following tables.

Q, = 20000 cfs

Q: = 30000 cf

Assume a Manning’s n of 0.24 for the two 140 195 162 240
overbanks and a Manning’s n of 0.04 for the [ o8 |

channel 200 210

: 299 1.7 245

* Assume the overbank distances between =D o

stations are the same as the distances between ' 250
the stations in the channel.

| 1 ] s




Example Running a Steady-State Flow

Analysis on e Dampe
Down L = 2000 ft Down L = 3150 ft Down L = 1855 ft . :
» Open HEC-RAS (River Analysis System) by
AR

101 _  The following screen should appear:

201

) ,__'-_IEcrm w—s A;mlyﬁs S‘_‘stem - @‘Ell
259 207 . Fie Edit Run View Options Help
289 217 . EREEEEE AR EREER s Ll

Steady Flow, I
Unsteady Flaw: |

Project
Description || B |U5 Customary Lnits

[
[
Geametry: I
[
I

Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

-_I'-lEC-R;AS.; Ri A- lysi: S-t. q I
e « This screen should appear. Fill in the needed

* Select File|[New s data. Then click “OK.”

PI‘Oj ect Open Project ... .
Save Project As ...
New Project

Delete Project ...

Praoject Summary ... i File Narme Directories
[-pri CAHEC DatahRAS

Import HEC-2 Data ...
Import HEC-RAS Data ...

(L1 Steady Flow Examples
(21 Unsteady Flow Examples
Export to HEC-DSS ...

Restore Backup Data

i3 Carcel Hep | Create Diectory | . HPNOTEBOOK]  ~

|Set dive and path, then enter a new poject title and fils name.

Exit

C:\HEC Data'\RAS \Steady Flow Examples'\EX 1.prj




Running a Steady-State Flow
Analysis on the Example

e The introductory screen should appear with the
project name filled in.

. -_ —
HEC-RAS - River Analysis System (=3
File Edit Run V“iew Options Help
=} = ba HT = Hydralagic Engincering Genker
ERM=EEE AR EEEERE s Kl
Froject: |class example |C:AHEC DatahRaSs holassex pri
Flar [

[

Geametry: [ [
Steady Flow: [ [
[

Unsteady Flow: [
Project ‘
Description

B |U5 Custormary Units

Running a Steady-State Flow
Analysis on the Example

& EER
3 A 2 e ) i e 1

* Need to add
geometric
data (cross-
section data).
Click on
Geometric
Data button
(tree).

Running a Steady-State Flow
Analysis on the Example

* Need to add geometric data (cross-section
data). Click on Geometric Data button (tree).

r— _ —
Geometric Data - Edit/Enter geometric data E|E|@
File Edit Run Wew Options Help

|
ERNEEE - EAASREEEER s Kl |

Pru|Edit_.'Entar geometric data} |CAHEC D atavRAS Sclassex pri

Plan |

|
Geometin: | |
Steady Flaw: | |
Unsteady Flow: | [
Project ||
Drescription :

B |US Cugtomary Unite

Running a Steady-State Flow
Analysis on the Example

Edit existing junctions mﬁlm‘

ool e

* Add River
Reach by left-
clicking on
the River
Reach
button.




Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

= ] * Once the
« In the tablet reach is

area, left-click B drawn (ended
where you want by left

tktle :ea(ijh to ::l: double-click),
start and use \ a box will

the pencil to appear River: |Fii'-.fer‘|

draw the reach. Ki t
Double left-click asking you to
name the

when Reach is .
completed. river and the 0K,
reach.

Reach: |HE:E|I:h 1

Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

[ ' . ) _ [ ' . )
, LT Left-click on i
look like the

screen to the the (.JI’OSS-
right. =0 BN section
Next will need : L. button on the
to describe left.
cross-sections / N

in the reach. (or

can add

additional

reaches that

drain to same

outlet).

The result will




Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

* The following table should appear. * Under Options, select Add New Cross-Section.

Cross Section Data - class example
[ Oabons Pt Heb xit
Biver [Rie 1 =] = BitQuines (8| T 1 Fowp o325 Fols_Cinas Prew vm [F A48 new Cros Secton . | = Pt Optien (B I KeeoFrewds ot Conm Frev
Fach: [Reach 1 = R St BRI o - i

Mo Data for Plot 5 | Charos Bank Staticns | No Data for Plot

[5la]is <ferlns ool

£ clt Stahion Elevation Daka (] B oo Ebervalion Dala (1]

Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

« When the box appears, enter the station number « Enter the data as required in each of the boxes and then
' click “Apply Data”.

Data - class example
el

E ighl o b <Aon ]




Running a Steady-State Flow
Analysis on the Example

 After clicking on “Apply Data”, the plot should appear.

[ B TN B T

n Data - class example

| s (B TH T Fowp Prevics Pl _Clon P |
=l ¥4 class example  Plan

Diownatream Feach Lengths.

| e | Chawe | RO§ i tegema
1955 1955 (155 i

Running a Steady-State Flow
Analysis on the Example

<)
¢ This will return the
active screen to the
Geometric Data
screen. Need to save
the geometric data.

Running a Steady-State Flow
Analysis on the Example

When all cross-sections are entered and the data
applied, select “Exit Cross-Section Editor”.

_,_ [ e = e e s ey

Reach [Reach 1 = Boves Sta-[1 BRI

Downstieam Neach Lengths
LOE | Chonned HOE

q 1

RISV OO

[ 0 :

2

[ LehBank Plight Bark. H
%0

Running a Steady-State Flow
Analysis on the Example

This will return the introductory (project organization)
screen.

Want to enter the conditions necessary to perform the

steady-state flow example. Click on steady-state flow
button.

Eo®
File Edit Run Vi Options  Help
3 ) P P s P ] e 1™

US Army Corpz of Engincers

Project: [Edit/Enter steady flow data] |CAHEC DataWRAShclasses. pri
Flan: I [
Geomely:  Iclass example [CAHET DataWRaShclassex g0l
Steady Flow: | |
Unsteady Flow: | [

Praject |
Description :

l;‘ |US Customary Lnits

10



Running a Steady-State Flow
Analysis on the Example

e The Steady-Flow Data screen will appear.

Running a Steady-State Flow
Analysis on the Example

» Enter the data (enter number of profiles and the Q
values).

Steady Flow Data
File Optons Help

i
Enter/Edit Number of Profiles (2000 max]

Steady Flow Data @@@
File Options Help
Enter/Edit Number of Prafiles (2000 max): 2
River.  |River 1 o

Reach Boundary Condtions | Apph Data |
Reach: [Reach 1 | River Sta: |6

River [River 1 -
Reach: |Reach 1 | Riversta:[e Add & Flow Changs Losation
Ic on “1ofile:

|E dit Steady flaw data for the profiles [cfs)]

[Edit Steady flow data for the profiles (cFs)

Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example

Analysis on the Example
» Select the button “Reach Boundary Conditions.”

» The following screen will appear. Click on desired
—_——————— e

S boundary condition. Example will use “Normal Depth.
Fle Options Help 3 .

Enter/Edit Mumber of Profiles (2000 max): 2 Reach Boundary Conditions ‘

Steady Flow Boundary Conditions
BT e Ml NN PN Gt the boundary conditions editar

&' Set boundary for all profiles " Set boundary for one profile at a time

Fieach |Reach 1 = | River Sta. |6 | Add & Flow Change Lacation

20000 30000

Enter to accept data changes.
[Select river for adding & new flow change location.




Running a Steady-State Flow
Analysis on the Example

» “Normal Depth” requires entry of downstream slope at
outlet. Use same slope as channel from Stations 2 to 1.

= Set boundary for al profiles " Set boundary for one profie ot atime

Fting Curve Delete

Downshieam :

Running a Steady-State Flow
Analysis on the Example

 After saving, return to the introductory screen. The names
of the data files for the Project, Geometry and Steady Flow
should be showing.

HEC-RAS - River Analysis System o)X
File Edit Run Options  Help

Ela =] Al sl el AA AP IBIE e pomree Hall

US Army C

Froject: lclass enample |C:NHEC Data\RaShclassex pri
Flan: | |

Geometry: [class example [C:AHEC Data\RaS \classexnoll
Steady Flow: [class example [C:AHEC Data\RaS\classex f01
Unsteady Flow: I I

Project |
Description

B ‘LIS Customary Lnits

Running a Steady-State Flow
Analysis on the Example

» Once boundary conditions have been entered, save the
flow data and click OK.

Save Flow Data As

File Name Directories
CAHEC DatahRAS

SN
EJHEC Data

[_ Steady Flow Examples
[ Unsteady Flow Examples

QK Cancel Create Directory | & HPNOTEEOOK] =

|Select dive and path and enter nevs Title.

Running a Steady-State Flow
Analysis on the Example

 After saving, return to the introductory screen. The names
of the data files for the Project, Geometry and Steady Flow
should be showing.

HEC-RAS - River Analysis System (=
File Edit Run View Options Help

3 11 e 2 P25 5P ] s w171

LIS Army

Project: |class example [CAHELC DatahRas \olasse. pri

Plan: [ |

Geametry: |class example [CAHELC DatabRas \classes .ol
Steady Flow: |class example [CAHELC DatabRas \classes 01
Unsteady Flow: [ [

Pioject ‘
Description :

B |U5 Customary Lnits

12



Running a Steady-State Flow
Analysis on the Example

» Click on the Perform a Steady Flow Simulation button.

Steady Flow Analysis - Perform a steady flow simulation
File Edit Run View Options Help

(5 5 2 e s s P P ] s e

U Army Corps of Engineers
Fraject: |1Pe|'form a steady flow simulation| IC:HEL Data\RAS classex pi
[

Flan I

Geometny: |class exarnple: ICNHEC Data\RAS bolassew g0l

Steady Flowr [class example [C:5HEC Data\RAS \classex 01

Unsteady Flow: | |

Froject ||

Description : B |U5 Custamary Units

Running a Steady-State Flow
Analysis on the Example

* Fill in the Plan Name and Short ID.
I Steady Flow A (=] |

nalysis
File Options  Help

Plan: | Short 1D
Geometry Fils : |c|ass example

Steady Flow File

|c|ass example

ARG Plan Description

f+ Subcritical
" Supercritical
" Mined

COMFUTE

Enter to compute water surface profiles

Running a Steady-State Flow
Analysis on the Example

Select New Plan.

[ Steady Flow Analysis
I3 8 Options Help

CpenPlan ...
Save Plan |c:|ass example

Save Plan As ... |class example
Rename Plan Title ...

escription :
Delete Plan ...

Exit
[T Mied T

COMPLTE

Enter to compute water surface profiles

Running a Steady-State Flow
Analysis on the Example

The screen now should look like this. Click on COMPUTE

to run the simulation.

| Steady Flow A

nalysis
File Options Help

Plan: |clazs erample Short 1D |classex

Geometry File :

Steady Flow File :

|class example

|class example

Bls B Plan Description :

f+ Suberitical
" Supercritical
" Mired

COMPUTE

Enter ta compute water surface profiles

13



Running a Steady-State Flow
Analysis on the Example

» This screen will appear when the simulation is complete.

HEC-RAS Finished Computations
Steady Flow Simulation
River: River 1 RS: B
Reach: Reach 1 Mode Type:  Cross Section
Profile:  PF2 —

Simaton: 2/2 e ————

Computation Meszages

Steady Flow Simulation Yersion 3.1.1 May 2003

Finished Steady Flow Simulation

Total Cormputation Time = 0 min 1.29 sec

Running a Steady-State Flow
Analysis on the Example

Croms Section E@E‘

miver AR -| * | & 7T EZ

Fimech [Fesch 1 >| e Sta: 1

4un| Reosdbas

=1 4|[¥]

Running a Steady-State Flow
Analysis on the Example

» Select “View Cross-Sections.”

Cross Sections - View cross sections
File Edit Run V Options  Help

[ 1 123 s e o e

US Army Corps of Engincers

Project: |class example [View cross sections] [CAHEC Data\RAS classex. pij

Plan: [class example [CAHEC Data\ResS holasses.pll

Geometny: [class example [CAHEC Data\RsShclasses.gll

Steady Flow:  |olass example [CAHEL Data\RsShclassex f01

Unsteady Flow: I [
Praject

I:‘ |US Customary Units

Running a Steady-State Flow
Analysis on the Example

» Select “View Profiles.”

Water Surface Profiles - View profiles
File Edit Run View Options Help

ER MR EE AT BEER e Ell
Project: |class example view profiles [CAHEL Data\RAS\classexpr

Plan: |class example [CAHEC Data\RaS classes p01

Geomelry: |clags example [CAHEC Data\RAS classex g0l

Steady Flow:  |class example [CAHEL Data\RAS classex 01

Unsteady Flow: | |

Pioject ‘
Description

B |US Customary Units

14



Running a Steady-State Flow

File Options Help
Feaches ¥ | Profiles ¥ ﬂ@ Reload Data

class example Plan: class example  4/25/2004
- [ River 1 Reach 1

Ground

Elewvation ()

2000 4000 8000 2000 10000 12000

Main Channel Digtance (ft)

Running a Steady-State Flow
Analysis on the Example

i % X-Y-I Perspective Plot g@@

File Cptions
Upstream RS 3 -] 8t ml@] | I
Fictation Angle 45
Donnsteam RS [1 -
Azirnuth Angle 3 =

class example Plan: class example  4/25/2004

Legend

e——
WE PF 1

Ground
.

Bank Sta

Running a Steady-State Flow
Analysis on the Example

e Select “View 3D Multiple Cross-Section Plot.”

XYI Perspective Plots - View 3D multiple cross section plot E|§|
File Edit Run View Options Help

(3 (50 2 P P P ) [ S e

Project: |class example ‘*.‘ia}.' 30 multiple cross section plutl “olassex. pri

|C:AHEC DratabRAS holasses p0l

|C:AHEC DatahRAS holassen g0l

|CAHEC DatabRAS holassex 01

Plan: |class example

Geometry: |class example

Steady Flow: |elass example

Unszteady Flow: |
Project
Descriptian

B |LIS Customary Units

Running a Steady-State Flow
Analysis on the Example

* Select “Profile
Table Output”
bUttOﬂ | Dln(l-b-ldb‘

15



Running a Steady-State Flow Running a Steady-State Flow
Analysis on the Example Analysis on the Example

» Use Options to show both profiles. « Use Options to show detailed cross-section output.

% Croms Section Output
Profile Output Tabde - Standard Table 1 | -

ot sbies Locatons b

Fivne [Fivvme 1
HECHAS Plan clacoes Hros s 1 Hmach Heach 1 Fesch [Fesch?

Reach | Rive Sta | Profle

e | m | m | [0 pe) | ps) | ek [ m | £ Bl [¥) T Charnel
Reach1 |6 FF1 00 o0y 058 NS O00nMg an amu e 0040
Resch |6 FFZ | 3000000 1 %% 00015 103 N3E W5, Elev ] 7 | [ WSAM | 1EA00

Fgsch 1 PF1 - 1 004 0000455
Reach1 PFE2 10 WUTE 000053

Top with 1]
FF1 20000 (0 2 FHEE 000043 13 2 E TAL [ -\-.9»'?"\-'”
CF] 000 00 : 2 0 AT T 5 T3 )% Hyck Duepih 1)

PF1 732 0000651
PF2 0,09 0.001043

] 20000 000 @ 1
FF2 0K ) Y. 1 01

PF1 20000 00 85 0.001601
PF 2 30000 00 1.7 0.001601

Progoct Mame - HHWallar

Descrotien:  [FekH W

Cempanents
Basn Model Control

Composard Dascription | HECPREPRO Vrsion 4.0 i

componnt for descripnon, double chck o edd

[r—S— 4

) (FL ] W0 M G M X0 MO0
Frtmirsnabe AT lowze oty | tmisess 190095 | 2derds 1
Fomrm i A F lowaimat o — _IJ

[Firaliznd Wakes Crash Gty | RS C  e———

Crewa Esistng Flow Condtiont | R ————

Dricrptian




HEC-RAS: Output

TNPUT
Waller Creek peacription:
-l 'y Scation Elevar
- Bea Elev
1044.9  GUGL. GG
1204 .4 BAN. L
1400 6BD.16

MAnning'a B Values
sta
1044.9
1360.2

Eank Sca: Lefr  Righr
1166 1204.4

CROSS SECTTON OUTRUT

Lev [£t)
- e {re
Legend E e Elav (28]
Cric V.5, (fr)
VWS PEED { E.G. Rlope (f1/fL)
——— g tal (cfs)
Ground f { Wideh [fr)

- T L Total [fuis)
Chl Dpth (2]
“anv. Toral (efa)
Ineff = wed. (It)
= - Ch EL (2t}

Bank Sta
RS

Bridges cause unique
problems in hydraulics

Piers, low chords, and top B
of road is considered

Expansion/contraction
can cause hydraulic losses

Several cross sections
are needed for a bridge

Critical in ur settings

1166 67H.06
1321.9  EBN.&8

St o val
12044 N ]

Lengrha: Lefr Channel
132 132

Trofile BPFED

GO, 66
a5

GUL. 60
680,66
0.010&N5
20%7.00
183,88

Welled Per.

(3%

ar (lb/=sq 2o

HEC-RAS:

£ ot

28490

551/2 Strest

28465

28428

28308

2618

28032

26066

S5t Shreet on

28041

28001

27401

27798

27775

27752

Melrap Street of

2729

27699

27569

20427

27404

27331

Franklin Street

27359

® Data translation
from HEC-RAS text
file to dbase table

® Bank and floodplain
boundaries
measured from
stream centerline

The Floodplain

"100-Year" Floodplain

Flood

Floodway

Flood

Fringe

Encroachment

Surch.‘lrgt.‘*

Fringe
Encroachme:

|

=

-

Flood Elevation
When Confined
Within Floodway

~+_ Base Flood
Elevation

Base Flood Elevation
Before Encroachment

Stream * Surcharge not to exceed 1.0 Foor,

Channel

Lesser aimonnt (f speci fed by stare

A 100-year floodplain and floodw:

Figure 12.2

a

schematic, Source: National
Wildlife Federation, (1998). Higher Ground.
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Floodplain Determination The Woodlands

Watershed
Boundary

“ The Woodlands planners wanted to design the
community to withstand a 100-year storm.

+“ In doing this, they would attempt to minimize any
changes to the existing, undeveloped floodplain as
Figure 9.6 development proceeded through time.

Watershed map—Panther Branch at The Woodlands. (From Bedient et al., 1985.)

- % X-Y-Z Perspective Plot |- [D] %]
Cross Section Eie Option:
L 0nE
File Options Help E
e . = Upstream RS: I]EBD&? ¥ | il 2] j
River: |B‘9 Creek. J I b ; RS: Im @m Ratation Angle 15 —
Resch [Reach1 =] RiverSta: [93283 ~[%][] eI e 8 s
\

bookbigcreek Plan: existing geo+dvipmnt

bookbigcreek Plan: existing geo+dvipmnt A
Legend

| | |

1 I A ul ‘ .- [ 1
’13 Legend i WS Existing 10yr
p—— it bt

85 / WS Exisfing 100yr . Ground

60 I WS Existing 10yr i Bank Sta
— . -

Ground i Ground

- ¥

.,__‘/’ Bank Sta
r

Elevation (i)

9000 9500 10000 10500 11000

Station (f1)

3-D Floodplain



