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CIVIL-312: Hydraulic Engineering and Infrastructures

Numerical Modeling in Open Channel Flow

Instructor: Dr. Clemente Gotelli
Sustainable River Engineering, Energy, & Morphodynamics
(STREEM)
GC G1 507
E-mail: clemente.gotelli@epfl.ch

Fall 2025
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PFL Announcements

= Late HW submissions will incur a 0.5 deduction from the final grade for every
day of delay (e.g., after 2 days your maximum grade would be 5/6)

= The exercise session of Week 11 (Friday 28/11, 10:00-12:00) will be
dedicated to Homework 2, which is due on Week 12, Friday 5/12 at
23:59.There will be no new exercises that day; instead, you will have the
opportunity to continue working on HW2 (hopefully you will have started it
beforehand) and ask us any questions.

= To give you more time, we have decided to release HW3 earlier and extend its
deadline.

« HW3 will be assigned on Week 12, Friday 5/12, and it will be due on 9 January —
providing three weeks of work, excluding the holiday break.

» Exercise session of Week 14 (Friday 14/12) will be dedicated to HW 3 development
and questions
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Fast announcement:

As this is an important workshop, it will be exceptionally recorded and
published tomorrow on Moodle.



=P7L  Today’s Agenda

= |ntroduction to Numerical Modeling in Open Channel Flow
* Why to model?
« Different types of models

» |ntroduction to HEC-RAS

= Homework 2 @
* Discussion
* |If time allows, Q&A

B CIVIL-312



=PFL  What is a Model?

» A model as a simplified mathematical representation of physical laws.

= Purpose:
* Prediction,
* Understanding,
» Hypothesis testing,
 Design support.

» The trade-off between complexity,
accuracy, and computational cost.

...In a vacuum.
Assume a spherical cow of uniform density

CAN'T,
BAEATHE

bastard theoretical physicists
How do you sleep at night?
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We face problems that vary in both scale and nature
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=PFL - Models in Open Channel

= Why Do We Need Models in Open-Channel Hydraulics?
= Laboratory and field data are limited in time and scale.
»= Models allow exploring “what-if’ scenarios under controlled conditions.
= The importance of calibration and validation: comparing with measurements.

=  Models are never 100% reliable

=  Input data may require assumptions

=  Mathematical models may be inadequate

= Accuracy limited by available computing power
= Interpretation and skill of the modeler/engineer

B CIVIL-312



=FFL Models in Open Channel

= We solve the same physics with different levels of detail
= In1D
» First models available in “software” appeared during the 70’s
« Still used in professional world for engineering design and regulatory studies with channelized flow.

Equations to solve for a 1D free surface simulation:

=Q:=Q
2

21+ +a V—lzz + 12 + V—22+h + hy,
1+ 129 2+ U2 229 f

hy =L Sy
n? Q2
= ATRYS
(V§ - V)
2g9
Z— 23
L
dy _ So — Sf
dz  1-Fr?
v? A
=5 D=7

S

hy=C

So =

Fr?
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Models in Open Channel

» Current standard for industry for realistic flood behavior, complex terrain, and safety assessments.
« Still research being done to improve efficiency and include new features

Equations to solve for a 2D free surface simulation:

ot " oz oy

Oh  ohu)  3(hw) _

d(hu) 8 2 8(huv) 8z
Y (hu? + Lgh? — —gh 2 g, .
g0 g (et aehY) + By ghge — /Pt qu
d(hv)  d(huv 7] 9z
(3t ) (Bm )+ gy (" +29h%) = ‘gha_; — Thy/p + qvs
yuvu? + v? SV Ul + v?
The = PIN T Rs %=PQRT
nluy/u? 4 v? n2vyu? + v?
Sto=—am—  Snw=—pam—
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=PFL Models in Open Channel

= In2D
» Current standard for industry for realistic flood behavior, complex terrain, and safety assessments.
« Still research being done to improve efficiency and include new features
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=PFL - Models in Open Channel ’

= In3D
» Mostly for research or very specific small scale professional applications
+ Very expensive in computation power

Equations to solve for a 3D free surface simulation:

Y “w —-— -
V-u=0
a(g 2 v (puu) = -Vp+ V- [ua(Vu+ (Vu)")] + pg + F,
F, = oxVa
Va
eV (w)
ﬁ +V-(au) =
Time:54s FLOW-3D p=ap+(1—a)p
HYDRO ,
p=ap + (1 - a)ps
(Pk)+v (pku) = [(M )Vk]+Pk—
B(ps) + V- (peu) = [(,u + ) Vs] + C‘lg Pk ngp =
kz
= Cup?
ﬂ(ph)

+ V- (puh) = V- (kettVT) + Sk
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PFL - Models in Open Channel
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= |n 3D: example

Wuhaogou Pumping Station in China

Reasons for the deterioration of
hydraulic characteristics in the
forebays:

*  Flow recirculation,

* Helical mainstream and

* Vortex strip

14
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=PFL - Models in Open Channel

" In 3D: example Reasons for the deterioration of
hydraulic characteristics in the
forebays:

*  Flow recirculation,

* Helical mainstream and

* Vortex strip

Helical mainstream Flow recirculation

— Vortex strip =]

Flow direction
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=PFL Models in Open Channel

We can test multiple options that would

* |n 3D: example otherwise be very costly.
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Models in Open Channel

Many software programs
All of them with different:
Set of equations
Boundary conditions
Extra features S ° C H L

Performance ﬁ
Accuracy Iber MI!(E
Powered by DHI

Assumptions E S D K

must understand how the model operates and what

assumptions it makes to:

And remember: don’t believe everything that comes out of a software

Decide when each model is appropriate for the problem we want to solve. Garbage In
Recognize its limitations and avoid interpreting results beyond its scope.
Select meaningful input data that are consistent with the model’s assumptions.

Interpret outputs critically, knowing what processes are included and what are not.

All models are wrong, but some are useful.”— George Box
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=Pl What is HEC-RAS?

= Hydrologic Engineering Center’'s River Analysis System (HEC-RAS)
= Developed by the U.S. Army Corps of Engineers (USACE): it’s free!

= Key Capabilities: i8] el3is] gt Al 1ala /Y ol e plumel €D
Proect = =] > y
+ One-dimensional (1D) steady and unsteady flow analysis = : B T )

+ Two-dimensional (2D) unsteady flow modeling

+ Sediment transport and mobile bed computations
+  Water quality and temperature modeling

* Floodplain mapping and inundation visualization

ot 5 exans
] foerey =
=

= Applications:
* Flood risk assessment and management
» Bridge and culvert hydraulic design
+ Dam break and levee breach simulations
« Environmental and restoration studies

= Widely used worldwide in both academic research
and professional engineering practice

(e KRS N0

o e o B 0 0 Qe o587
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=PFL  Steady vs Unsteady flow simulations

= Steady Flow - For this course
Use when conditions are relatively constant over time Q

Ideal for:

+ Bridge/Culvert design
* Floodplain mapping (regulatory studies)

+ Simple canal systems
Advantages: Quick setup, fast computation, easier calibration

= Unsteady FIOW# During the Master’s (?)
Use when flow or stage changes with time

Ideal for: /\

= Flood routing / storm events

= Dam break or levee breach analysis
= Reservoir or tidal system modeling

Advantages: Captures dynamic flow behavior, storage, and wave effects

B CIVIL-312
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=PFL  Steady flow simulations

= Steady Flow

Use when conditions are relatively constant over time

Ideal for: Q .
. . Peak discharge
» Bridge/Culvert design
* Floodplain mapping (regulatory studies) !
+ Simple canal systems i
Advantages: Quick setup, fast computation, easier calibration i S
Limitations of 1D steady flow conditions: | volume
« Simple canal systems : :
* Dominant flows in x direction (1-D) Time to peak Recession
Duration

* Channel slopes less than 10%
* Velocity and WS constant across cross-section
+ Cross-section does not change (no erosion or deposition).

B CIVIL-312
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Steady flow theory

= Before we computed the hydraulic profile with
dx 1—Fr?

= In HEC-RAS, water surface profiles are computed by !
solving the Energy equation between two consecutive
cross-sections (1 and 2) using an iterative procedure

called standard step method
2

Z,+Y, +a£ =7 +Y +aﬂ+hg
2¢g 2¢g
= Energy losses include:
» Friction (from Manning’s equation)
* Local losses (expansion/contraction)

aV: alV?
N

2g  2g

3 [
al? .
— -~-.._Energy Grade Line
2g Tl - he
: -
Water Surface - X
o
Ya Zg
) L
Channel Bottom
Y
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Z
v Datum 3
n n: Ne na As Ps
o : ; i : >
PAsP2i AsPs i AsPa fAsPsi AsPs i ATP7 Q:KS}'-
AP " : : i : : H g
. 1486
Kiov = K1 + K2+ Kz + Ks Krob = Ks + Ks + K7 + Ks K= A_R13

H
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Modeling Example ’

= The regulated irrigation channel has a flow rate of 35 m3/s. The elevation of the water surface at the end of
the channel is fixed by a reservoir. Draw the hydraulic profiles and simulate the system in HEC-RAS 1D.

Zp = 12.6m

Sgc = 0.0004

______________________________________________________________________________________________________________

Cross section:

Rarx = 2.0m

b=25m



=FFL Modeling Example

= The regulated irrigation channel has a flow rate of 35 m3/s. The elevation of the water surface at the end of
the channel is fixed by a reservoir. Draw the hydraulic profiles and simulate the system in HEC-RAS 1D.

Parameter  Magnitude Units Critical Depth Normal Depth
1 (b 'Yn)5/3 1/2

Q 35 m?/s 5 5
. 3(q 3| Q =S
Width b 25 m Y= |—= bT=O.59m ¢ n(b+2-y,)2/37°
Roughness 0.01 g g

CD 0.395
BC 0.828
AB 0.295
D
Sep = 00045 N T
C Zp = 1m
Sgc = 0.0004
R

Syp = 0.0118

B CIVIL-312
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Modeling Example

= The regulated irrigation channel has a flow rate of 35 m3/s. The elevation of the water surface at the end of
the channel is fixed by a reservoir. Draw the hydraulic profiles and simulate the system in HEC-RAS 1D.

Parameter  Magnitude Units Critical Depth Normal Depth
3
W_thb 25 ms s[g?2 3| Q2 0 _1 (b - yn)%/3 §1/2
ot ° m Ye= |—= bT=O.59m n(b+2-y,)2/37°

Roughness 0.01 g g
CD 0.395
BC 0.828
AB 0.295

uniform -

uniform

M2

SCD = 0.0045

ZR:1m

Sge = 0.0004
~~.uniform R

Syp = 0.0118

25



=FFL Modeling Example

= Solving with Direct-Step Method we get:

14
12

10

Elevation (m)

-4500 -4000 -3500 -3000 -2500 -2000 -1500 -1000 -500
Distance (m)

B CIVIL-312
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HEC-RAS GUI

HEC-RAS Modules

1. Hydraulic Analysis

 Steady state
Quasi-unsteady state
Unsteady state

2. Sediment Transport

/ 3. Water Quality

E HEC-RAS 5.0.5
File Edit Run ,\ on

*| x|l

- X

Project:

JISIUnits

plomeys  Jall

27
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Q) Settings: numbers

< Al

Microsoft Bing Apps

Best match for settings
 Change the way measurements are
| 9 displayed
Control panel

Settings

@ See the current currency, numbers,
T date and time formats

Hear letters, numbers, and
punctuation as you type

Documents

Find results i

=

Settings

Folders

Photos >

Find results in Settings

]
Change the way m

Open

disple

Control|

EPFL’s VDI is already in US format

B CIVIL-312

Formats  Admnistrative

HEC-RAS: Before starting

b Y

Format: English (United Kingdom)

Match Windows display language (recommended)

anguage preferences

Date and time formats

Short date:
Long date:
Short time:
Leng time:

First day of wesk:

Examples
Short date:

Long date:
Short time:

Long time:

dd/MM/yyyy
dd MMMM yyyy
HH:mm
HH:mm:ss

Monday

10/04/2025
10 April 2025
073z
07:32:09

Additional settings...

28

Pay attention to regional format.
It should be set like in the US:

“.” (dot) as decimal symbol

o® LW UL ~
Mumbers  Curency Time  Date
Example
= Positive: | 123456,782.00 | Megative: | -123,456,782.00
Decimal symbol: 1 -
- Mo. of digits after decimal: 2 e
- Digit grouping symbol -]
- Digit grouping: 123,456,789 bt
= Megative sign symbel: - w
- Megative number format: =14l =
Display leading zeros: o7 =
List separator: |
Measurement system: Metric e
Standard digits: 0123456789 w
’ Use native digits: MNever =
Click Reset to restore the system default settings for Reset
numbers, currency, time and date.
Cancel Aoy
- : I Cancel Apply
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- HEC-RAS: Before starti
-RAS: Before starting

B HEC-RAS 6.5 - X
File Edit Run VWiew Options GI5Tools Help
2|6 Xes|a]  Progemsew > Ze|8|n ] | BB & e =

Default Parameters >
Project | Unit system (US Customary/Sl) ... =
Plan: I . .

Convert Project Units ...
Seometry: Convert Horizontal Coordinate Syst
Steady Flow: I_ onvert Horizontal Coordinate Sy Er|j15...
Unsteady Flow: | |
Description: I - JISI Units

HEC-RAS

We check the Unit System

Select Units System

™ S Customary
¥ System International (Metric System)

. [T setas default for new projects

(0]4 I Cancel |

29



=PrL HEC_RA

New project
BB HEC-RAS 66 -
File Edit Run View Options GISToels Help

X
B | o =
=]

sl el
Upen Project ...
Save Project

Save Project As ...

Rename Project Title ...

i o e
|
|
|
|
|

Delete Project ... New Project
Project Surmmary ... = J | s cusf mte ) Fietame Selected Folder _ Default Project Folder | Documents |1
[outorial [rutorial.pry C:\Users\goteli\Documents |
Compare Model Data ... 1
Qe
users |
“goteli

List of available files)

I oK || Cancel Help Create Folder ... [S ¢ Windows] |

LEEt drive and path, then enter a new project title and file name.

B CIVIL-312



=PFL - HEC-RAS: Geometry "

We open the Geometry Editor:

—y— : - T ——— : - .X

File Edit Run View Options GISToels Help
|
2|8 [l sl Sl 2154051 ®f | A |@]n|s] (B[S bl

Project: IthorlaI |\ Geometric Data IR

File Edit Options va Tbl T \ GIST \ Help
vz | pump | Rs Description : Plot WS extents for Profile:

I Jooks | RNEr =1 EreakLine: & e
............... - - ID-- - ol G| Feger: | 2 | <um I g =
| it !

HT

Refmence( 20rea

Plan:

Geometry:
Steady Flow: | =
Unsteady Flow: | Erdg/Cu
Description: I

s We represent the river/channel as a river formed by
==| different reaches. Each reach consist of multiple river
cross sections showing the shape of the river at a
certain location.

=
@

B CIVIL-312
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L HEC-RAS: Geometry

River Reach — We create the line representing the river. Complete River and Reach names.

32

| \{ Geometric Data = O *
File Edit Options View Tables Tools GISTools Help
Toolgl Ri Storage | 20 Flow | SA/2D BC 1€ |Refer 2DArea | andrean|  Pumy Description : Plot WS extents for Profile:
it es Bres | Tonn | Lines | Lnes | Ponts | Pots |Breaklines naainm | station =
N Bl NS | G| Fegere | [ Al -]
Junct.
L]
Cross
Section
Brdgy/Cul
- \ \, Geometric Data - o x
Inline
Structure: File Edit Options View Tables Tools GISTeols Help
ﬁw’ Tools Rwer | Storage [ 2D Fow | SA/2D | BC [Refmrence] 1€ [Refeencel anéres | soéemy| pump | 3 Description : Plot WS extents for Profile:
rover | R | Area” | Gomn | tines | Lines | Paims | “Poine [Bieaked nain’| Stann =
1 Lateral Eh = | @b | &b DI g | R -J-—i g, | 2 | o | | 2l =
Structure, Junct, Bl
(=== ®
Cioss
S(D[age Section
Ares HJJ
- Brcg/Cul
20 Flow =
Area
:‘ Inline:
Structure,
| |
poiae Shachae Hgora
1
DO =
Pump [}
Stz River: |EPFL e
2 sl
HTah | Reach: ITumriall | 0
Param. | Do
OK Cancel =
I I | unp
Wi Station
Picture
HTah
& Param
View
| Pictire
=1} Some outside default extents (see View/Set Schematic Plot Extents...)

o

-02293, 05934
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HEC-RAS: Geometry

We open the Cross Section editor

Y EmraeFam - o x
File Edit Options View Tables Tools GISTools Help
i 5 M Fow| SAPD | BC  [Ref IC_ [Ref o o iption : :
Tode fver | 5 | PR | Bom | hes | Mo eoe |"Soheeissiiied, coann| Gant B Desaription : I
e = @ | B | D wes Regions | (7 I = JI LI
Junct.
Crass
Sectiary
i

Inlire.
Structure;

=
[y
3
E‘q

| y
ial
Structure T
Storage
res
Arsa == Cross Section Data

Exit Edit Options Plot Help

=

= O X

"
|z sl | loole e s ]

SA/2D
.C%[ra River: B0 = apply Dta | ezl PlotOptions [~ Keep PrevXSPlots Clear Prev | ' Plot Terrain (if availat

o Reach: [Tutorial | River sta.:| ~| ﬂﬂ

Station Description I - J

Del Row
HTab
Faram
Station Elevation |« [ I
Wiew 2
Picture =
Some schematic data oyfside default exte
KN |

| No Data for Plot

[elect river for cross section editing

33



=PrL - HEC-RAS: Geometry

We add a new Cross Section. The river station should be at “0”.
We then fill the section characteristics: points, manning, reach lengths, etc.

= Cross Section Data = m] x

Exit Edit Options Plet Help
River: I I Add a new Cross Section ... I — PlotOptions [~ KeepPrevXSPlots Clear Prev | ¥ Plot Terrain (f availat

Reach: m SREYE ﬂ

engths
ROB

Ak
=

A Cross Section is a transversal “cut” of the river

w‘ 28] e oo || [on | Jes s |

-+

Skew Cross Section ...

Stations

| Ineffective Flow Areas ... ight Bank Legend
Levees .. uﬁlr
Obstructions ... 2 ZGround
Add s Lid to X5 .. xpansion " Bank sta

Ground
Ineff

Add Ice Cover ...
Add a Rating Curve ...

Horizontal Variation in n Values

elect river

Herizontal Variation in K Values

Vertical Variation in n Values ...

B CIVIL-312



=PFL - HEC-RAS: Geometry

We add a new Cross Section. The river station should be at “0”.
We then fill the section characteristics: points, manning, reach lengths, etc.

[ == Cross Section Data = O *
Exit Edit Options Plot Help
River: lh apply Data ||; + ugn| Plot Options [ KeepPrev ¥SPlots  Clear Prev I [v Plot Terrain (if availat i i .
Reach: [rumra ] e sia o = ﬂ_ﬂl pSE—— Distance from this section to the
pascall | s - y __—> next downstream section. We build the
Del Row Ins Row Downstream Reach Lengths -
s et Couintes Legend channel from downstream to upstream.
on Elevation - Ground
1|0 = 2 ” ? 1.5 Banzsta
_ 2|0 [t} LOB Channel ROB  _| . .
— : e e £ ] ————— , Manning values for main channel and
Eg_ e et -_}fi\\ flooding zones (n = 0.01)
13| 0.59
= s o | > Stations defining main channel
% LI 0.0 T T T T
0 5 10 15 20 25
I \ Station (m)
I

\

0,2) T ? (25,2)
We start building the section from the left

« bank looking downstream. hpax = 2.0m

(0,0) =55, (25,0)

B CIVIL-31



=PrL - HEC-RAS: Geometry

We add another Cross Section. The new river station should be at “550”.

[ = Cross Section Data = O *

Exit Edit Options Plot Help

River: IEpF Add a new Cross Section ... ]Iv- + ‘l Plot Options | Keep Prev XS Plots  Clear Prev | ¥ Plot Terrain (if availak
Reach: IT“t‘ I Copy Current Cross Section ... I ,,I ﬂﬂ tutarial Plan-
Description Rename River Station ... - J
Del Row Delete Cross Section ... Lengths 204 01 y
[ Cross o8 | =
== Adjust Elevations ... =
St 0 Ground
Adjust Stati > *
10 Just stations 18] Bank Sta
2|0 Adjust n or K values ...
_ 312 Skew Cross Section ... : E
4125 c
= : 2 10
— Ineffective Flow Areas ... light Bank i
i |— w
; 7 Levees ..
s Obstructions ... 2 0.5
1 % Add a Lid to X5 . EE
11 Add lce Cover ... .
= Add a Rating Curve ... - 0 5 o T -
I | Copy Cross Section
I_ Horizontal Variation in n Values l  Select a River and Reach and then enter a new river station.

Horizontal Variation in K Values

1

j River: IEPFL LI

‘Reach: ITutoriaI LI River Sta: |55[]|

i oK | Cancel |

Wertical Variation in n Values ...

B CIVIL-312
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L HEC-RAS: Geometry

As the section shape is the same, we just ne

to adjust the elevation.

= Cross Section Data

Exit  Edit

Description
Del Row

Options  Plot  Help

Add a new Cross Section ...
Copy Current Cross Section ...
Rename River Station ...

Delete Cross Section ...

Adjust Elevations ...

i

dit Cross Se
:erpolated XS

Adjust Stations
Adjust n or Kvalues ...

Skew Cross Section ...

Ineffective Flow Areas ...
Levees ...

Obstructions ...
AddaLlidto X5...

Add lce Cover ...

Add a Rating Curve ...

Horizontal Variation in n Values
Harizontal Variation in K Values

Vertical Variation in n Values ...

| Plot Options

T

zp =126m

D
Scp = 0.004 se =75 m s
zZg = 65m
c Sgc = 0.0004
Su5 = 00118
1125m 2500 m 550m

= O

*

™ Keep Prev %S Plots  Clear Prev I [V Plot Terrain (if availat

_LI ﬂ ﬂ tutarial Plan:
) 01
20 Tegend
—
Ground
*
1.5 Bank Sta
E
5
= 1.04
H
w
0.5
u_u-—v—v—v—v—h—' _
p < HEC-RAS
Enter amount to add to Elevations

(+)

terpolated XS)

37



zp =126m

=PFL HEC-RAS: Geometry ° .

Spc = 0.0004 B

Now we need to set the distance from this new S0 ~0OUTSS 4, —oom
cross section to the previous.

1125m 2500m I 550 m I

== Cross Section Data - geo = O .t

Bxit Edit Options Plet Help
River: IEPFL LI Apply Data | \‘;;;; I\v' + nl Plot Options [~ Keep Prev X5Plots  Clear Prev | ¥ Plot Terrain (if availak
Reach: [Tutoria x| River ta.|550 ~| ¢ ttorial  Plan- plan  11/10/2025
Description I = |fe=
* M »
Del Row | Ins Row | .o 1
LCEB Channel L_egeid
Station Elevation || 730 IEED' ' EG PF 1

1o 8.5 a0l WS PF 1
_ 2|0 8.5 LOB Channel _tir_'rt_.lg'l:'_{
_3{25 6.5 0.01 jo.o1 D.01 E ——

4|25 8.5 = Ground
— 2 75 *
— T - _||bcanksta
_8 m
_7
_8 ?D_
_3
_10] . .

11 -

6.5 T T T T
= A 0 5 10 15 20 25
Station (m}

Enter to move to next upstream river station location
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zp =126m

=PFL - HEC-RAS: Geometry °

Scp = 0.004 2= 75m
c zg =65m
zg=1m
Spc = 0.0004 B L3
We repeat for sections at C and D, naming S =00UTSSS 5~ 00m
them “3050” and “4175” tivel |
e an , respectively.
i
L_1125m | 2500m | 550 m
= Cross Section Data - geo - u] X = Cross Section Data - geo - o X
Exit Edit Options Plot Help Exit Edit Options Plot Help
River: [0 <] Plot Options [~ KeepPrevXSPlots ClearPrev | W Plot Terrain (i availak River: |EPFL = coply Det= | Mg 4 uon| PlotOptions [ KeepPrevXSPlots ClearPrev | [ PlotTerrain (f avaiat
Reach: |Tutorial tutorial  Plan: plan  11/10/2025 Reach: |Tutorial _ ffrwver sta.: =) I tutorial  Plan: plan  11/10/2025
Description I Desaripton | =N | ‘
Del Row Ins Row fr o t o DelRow | Ins Row 1 " : o |
95 Tegend 15.0 Tegend
LOB Channel ROB — LOB Channel ROB —
Station Elevation [~ 12500, 2500, 2500, EGPF 1 | Station Elovation B« f@1125.03  [1125.03  [1225.03 v EGPET ‘
{0 9.5 2 90 WS PF 1 o 146 2 : Crit PF 1
40 73 LB Channel ROB PR 0 126 LOB Channel ROB WSFF1
3 7.5 Jo.01 Jo.01 Jo.01 E — | _ s 126 Jo.01 Jo.01 Jo.01 £ 140 |
25 9.5 = £ Gm_u"d 425 146 £ Gm_u"d
4 Channel Bank Stations g 854— — — — S
5 Bank Sta i - || BankSta
— Left Bank Right Bark H | — 3 jae |
1= o |2s. = e 1 u
_ 8 xp Coefficient (Stead z 8.0 _8] P e
_ 9 Contraction Expansion _9| -
10| o1 [o.3 10} . .
1] 1
— hd 75 — - 125
- =) 0 H 10 15 20 28 = =l 0 5 10 15 20 28
Station (m) Station (m)
be\act river station for cross section editing. be\act river station for cross section editing.
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HEC-RAS: Geometry

We save the Geometry Data

“¢ Geometric Data

| File Edit Options View Tables Tools GISTools Help
BC
Lines

b)
Hims

Reference|
Lines.

Pumg
Station

fard

| New Geometry Data Points | Points |Breaklines plannn

Fiegions

1€ Jweram anmaﬁi 20frea

Open Geometry Data

 Save Geometry Data As

Title File Name

IgEo| [tutorial.g®

Selected Folder  Default Project Folder Documents

C:\Users\STREEM\Documents\HEC-RAS

I Save Geometry Data I
ave beometry Uata
Rename Geometry Title
Delete Geometry Data

Copy to Clipboard
Print ...

Import Geometry Data >

Exit Geomnetry Data Editor %ﬂriﬂl
| ———
St
- 2
2D Flow
Area
\
SA[2D
&

Bre

Pump
Station
53

HTah
Pararn.

Wigw
Ficture
=]

Some schematic data outside default extents (see View/Set Schematic Plot Extents...)

o« |  cancd Help Create Folder ... |

=T
qUsers
{_JSTREEM
“YDocuments

[ = c: Mwindows] k2

Eelect drive and ui‘hﬂand enter new Title.

2l

v

0.3745,0.9959 |
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=PrL HEC-RAS: Flow Conditions

Now we add water to the channel. Steady flow simulation.

B HEC-RAS 6.6 -
File Edit Run View Options GISToels Help

8| Jeele] =] 15|uln [ ® 22

"1

LY

=

B 5] e

o *

= 5= Steady Flow Data - flow x
Pru_]ect: Itutorlal File Options Help
Flan: I Description : I - J Apply Data |
GEDITIEtI"}': I Enter /Edit Number of Profiles (32000 max): ll— Reach Boundary Conditions ... |
Steady Flow: I Locations of Flow Data Changes
River: Ih Add Multiple. .. |
Unsteady Flow: | Reach: [Tutorial = | River 5ta.: 4175 ~| Add A Fiow Change Location |

Flow Change Location Profile Names and Flow Rates

Description: I

e

B CIVIL-312

Edit Steady flow data for the profiles (m3/s)
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L HEC-RAS: Flow Conditions

We can try several discharges simultaneously. Now we must enter the Boundary Conditions.

5= Steady Flow Data - flow

File Options Help

Description : I

Enter /Edit Number of Profiles (32000 max): Il Reach Boundary Conditions ...

River: |EPFL

Add Multiple. ..

Reach: [Tutorial x| River Sta.2[4175

Profile Names and

;I Add A Flow Change Location

Ed\t Steady flow data for the profiles (m3/s)

| %% Steady Flow Data - flow - o x

File Options Help

Description : I = J Apply Data I

Enter /Edit Number of Profiles (32000 max): |1 Reach Boundary Conditions ... I

River: IEPFL 'I Add Multiple... |
Reach: [Tutorial | River sta.:[4175 ] _Add AFlow Change Location |

Edit Steady flow data for the profiles {m3/s)
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EPF

L Boundary Conditions

= Define how flow enters and exits the modeled system
= Required at upstream and downstream ends

= Upstream Boundary:
» Specify discharge (Q) for each reach

= Downstream Boundary:

» Specify water surface or energy condition, such as:

= Known water surface elevation
= Normal depth (energy slope)
= Rating curve (stage—discharge relationship)

= Analogy with the Direct Step Method
» Both require:
= Discharge (Q) — like the upstream boundary

= Depth or energy — like the downstream boundary

<4—— Upstream Boundary
F

Initial WSEL
Upstream Dam

Dowstream Boundary

Stage/R.C./Normal Depth \

« Both compute gradually varied flow profiles using known hydraulic states
+ HEC-RAS automates and extends the Direct Step Method using detailed geometry and iterative energy

balance
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=PFL  Internal Conditions

= Represent hydraulic controls or transitions within
the modeled reach

<4—— Upstream Boundary
F

= Define how flow behavior changes between cross
sections

Initial WSEL
Upstream Dam

= Common Internal Conditions:

+ Bridges & Culverts: create local energy losses and flow
contractions Gate Operations

+ Weirs, Spillways, and Gates: control water levels or flow rates

* Junctions / Confluences: split or combine discharges between
reaches
Dowstream Boundary

* Inline or lateral structures: alter headwater and tailwater Stage/R.C./Normal Depth \
relationships

= Purpose:

* Ensure realistic energy balance and flow continuity at internal
locations

» Capture effects of obstructions, control structures, and
geometry changes
= Key ldea:

*  While external boundaries set inlet/outlet conditions,
internal conditions define what happens in between.

B CIVIL-312
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We have different options for Boundary Conditions;

B CIVIL-312

L

zp =126m

Boundary Conditions ;—.

ze =7.5m

Known Water Surface level

Critical Depth
Normal Depth s Requires slope
Rating Curve (Q(h))

= O X

3= Steady Flow Data - flow

File Options Help

Description : I : J —IWY Sl
Enter fEdit Number of Profiles (32000 max): |1 Reach Boundary Conditions ...

Locations of Flow Data Changes

River: |EPFL VI Add Multiple... I

Reach: ITutunaI j River Sta. :|4l75

;I Add A Flow Change Location I

Profile Names and Flow R

IR | Tutorial l4175  [35

Steady Flow Boundary Conditions

¥ Setboundary for all profiles €~ Set boundary for one profile at a time

Available External Boundary Condtion Types

Known W.5. | Critical Depth Mormal Depth Rating Curve | Delete

jons and Types

Upstream

zg =65m
c Sge = 0.0004 B Zr_1m
R
Sap = 0.0118 x 2= 00m
1125m 2500 m 550m

Steady Flow Boundary Conditions
* Set boundary for all profiles

" set boundary for one profile at a time

Known W.S. I Critical Depth I Normal Depth I Rating Curve I

Delete |

d Types

Normal Depth 5 = 0.0045

Steady Flow Reach-Storage Area Optimization ... Ok

Downstream
Critical Depth

Cancel

Help

Eelect Boundary condition for the upstream side of selected reach.
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=PFL  HEC-RAS: Flow Conditions "’

We save the flow data

| 5= Steady Flow Data = O %

File Options Help

- |
Mew Flow Data - J Apply Data
Open Flow Data ... =
3 andary Conditions ... | [ save Fiow Data As
Save Flow Data _ Title File Name Selected Folder _ Default Project Folder | Documents
=] ifiow jtutorial.F= C:\Jsers\STREEM\Documents \HEC-RAS
Save Flow Data AS ... IMW Lm,m, G =Ty
Add Multiple. .. | EUsers
£JSTREEM

Rename Flow Title ...
vl Add A Flow Change Location “ypacuments
Delete Flow Data ... ng I

Set Location for D35 Connections ...
DS5 Import ...
Import Flows from Existing Output Profile ...

Exit Flow Data Editor

Eelect river for adding a new flow change location. i\

oK Cancel Help Create Folder ... | [Sc indows] -]

[select drive and path and enter nen Title.
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=PFL HEC-RAS: Running

Finally, we enter the “Plan” data

B HEC-RAS 6.6 - X
File Edit Run View Options GISToels Help

@8] X[ ]| Flml[ Al Alx]E * <3| @|n [ | B[ - =
Project: IthoriaI t::‘l.l.Jsers‘ETREEI'ﬂ‘lDumments‘l.l-lEC—RAS‘l,thorial.prj g
Flan: | |

Geometry: | |

Steady Flow: | |

Unsteady Flow: | |

Description: I - J ISI Units

B CIVIL-312



=PFL HEC-RAS: Running
Finally, we enter the “Plan” data

We save it immediately Then we choose the Flow Regime

Finallv wWe ANt .. oo

e

o . = o et Ot | oot 5 Steady Flow Analysis - x

Geometry Fie: 2 - -

Sironri o Jrre | File Options Help
e Bt W —
 Amics | .
F o Plan: | Short 10
S

| ;
™ rostaes 4 | Geometry File:
comin

|geo LI
G | ]

Steady Flow File: Iﬁow

[ Plan Description
| " Supercritical
" Mixed
) i "%
w: ,.‘,,,,,.‘W L. 3 Create Folder E |
[~ Floodplain Mapping =

| Compute |
Eelect flow regime for steady flow computations \

And press “Compute”
You can name the Case/Plan

B CIVIL-312
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HEC-RAS: Running

It runs fast because it's 1D

HEC-RAS Finished Computations

’—Wnte Geometry

— x
Layer: COMPLETE [r——————_—_———

- Steady Flow
River: EPFL RS:
Resch:  Tutorial Node Type:  Cross Section

Profles  PF 1

Simdators: 1 ]

pu o
Plan: ‘plan’ (tutorialpo1)
imulation started at: D8N0V 2025 04:55:16 P

Writing Plan GIS Data.

Completed Writing Plan GIS Data
Writing Geometry...

Computing Bank Lines

Bank lines generated in 35ms
(Computing Edge Lines

Edge Lines generated in § ms
Computing XS Interpolation Surface

XS Interpolation Surface generated in 13 ms
(Completed Writing Geometry

Writing Event Conditions

(Completed Writing Event Condition Data

‘Steady Flow Simulation HEC-RAS 6.6 September 2024
Finished Steady Flow Simulation

Computations Summary

asi;
(Completing Geometry, Flow and Plan
Steacy Flon Computat
(Complete Process

pause | Wiaks Srapshit of Results

We can check Errors and Warnings

BN HEC-RAS 6.6
File Edit Run

@) s

View QOptions GIS Tools

Help

|3 <5 ®f ~ ([ Z |8~

E

Project: ftutorial |C:Wsers\STREEM \Documents \HEC-RAS futorial. pri
Flan: [ I

Geometry: | |

Steady Flow: | |

Unsteady Flow: | |

Description: I

- J [e1Unts

&' Errors Warnings and Notes for Plan : First = ] x|
River: IEPFL LI Profile: IPF 1 LI |
Reach: ITutnr\a\ LI Flan: Iplan j |
Location: River: EPFL Reach: Tutorial RS5: 3 Profile: PF 1 Al
Warning: The energy equation could not be balanced within the spedfied number of iterations. The program

used dritical depth for the water surface and continued on with the calculations.
Warning: The velodty head has changed by more than 0.5 ft (0.15m). This may indicate the need for

———

additional cross sections.
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4, This may indicate the need for additional cross sections.
Warning: The energy loss was greater than 1.0 ft {0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
Warning: During the standard step iterations, when the assumed water surface was set equal to critical

depth, the calculated water surface came back below critical depth, This indicates that there is not

a valid subcritical answer, The program defaulted to critical depth.
Location: River: EPFL Reach: Tutorial  RS: 2 Profile: PF 1 d
Clipboard | Print ... I File ... I Close I
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PFL - HEC-RAS: Results

B CIVIL-312

Description: I

We can see the results:

BN HEC-RAS 6.6

File Edit Run Yiew QOptions GISTools Help

o ||| s | ] ] o]l [ = 2

|l @]~ o] ] BB [ e

X

)

Project: ftutorial

Bl
\C: Wsers\STREEM \Documents \HEC-RAS tutorial. pri

=

Plan: |

Geometry: |

Steady Flow: |

Unsteady Flow: |

. Profile Pt
Fie Opticns

Help
Reaches | 8|8 Profies | >

50

tutonal  Plan plan 1162025

Eevation ()

R Tuorwl

Vain Chansel Datance i)

o

Doesn’t look like expected...
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HEC-RAS: Results

We can see the results:

BN HEC-RAS 6.6

File

@) s

Edit Run VYiew Options GISTools Help

| &l A5

2l = -

= X

|| @[~ || | B[] o= =
=

Bl

Project: ftutorial \C: Wsers\STREEM \Documents \HEC-RAS tutorial. pri

Plan: | |

Geometry: | I

Steady Flow: | [

e Profe iot - o x

Unsteady Flow: | | e Opoe. e

Description: I Reaches | 4[#] Proties | I Do cousbees) et i |
A tutonal Plan: plan 1162025 g

~ ¥ Tuo 4
I

5" Errors Warnings and Notes for Plan : First = O X

River: IEPFL LI Profile: IPF 1 LI I
Reach: ITutnr\a\ LI Plan: Ip‘an j |

Location: River: EPFL Reach: Tutorial  RS: 3 Profile: PF 1 =

Warning: The energy equation could not be balanced within the spedfied number of iterations. The program

used critical depth for the water surface and continued on with the calculations. 1o
Warning: The velocity head has changed by more than 0.5 ft (0.15m). This may indicate the need for
e ———
additional cross sections. T P - _

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 E B — < — — —

or greater than 1.4, This may indicate the need for additional cross sections. & =

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section,

This may indicate the need for additional cross sections. &
Warning: During the standard step iterations, when the assumed water surface was set equal to critical

depth, the calculated water surface came back below critical depth, This indicates that there is not

a valid subcritical answer, The program defaulted to critical depth. «

Location: River: EPFL Reach: Tutorial  RS: 2 Profile: PF 1 d

Clipboard | Print... | File.. | Close |
N
= .

- .

: More cross sections :O = : .
= — |
O
|

Doesn’t look like expected...

51



L

P

B CIVIL-312

L=

L HEC-RAS: Interpolation

We go back to Geometry

BN HEC-RAS 6.6

File Edit Run Yiew QOptions GISTools Help

x| = ~ |28 || |8

Ez o] =] A5

Project: torial [C:\Users\STREEM\Documents \HEC-RAS \tutorial prj
Plan: | ppp— I : —
“(_ Geometric Data - geo - o x
Geometry: File Edit Options View Tables Tools GISTools Help
Steady Flow: S Interpolation > Within a Reach . A (e
e l—‘ Channel Design/Modification .. Between 2 XS's .. = . [oone) =]
nsteady Flow: Channel Modfication (original) A
Description: Graphical Cross Section Edit
L = Channel Bank Station Locations...
S Cross Section Points Filter ..
 Brdg/ Cul Lateral, Inline, Connection Weir Profile Filter
£=2 Ficed Seciment Elevations .
| e 24175
s | Pilot Channels .
== Incfective Arees >
| dsEa] Mannings N Set Channelto Single value
;“ Vertical Datum Adjustment >
| Sm0e
A2 Reach Connectivity ..
oo Reach Order for Computations
A= Reach Order --> Find loops that prevent backwater solution
sy Flow Roughness Factors ..
Do Seasonal Roughness Factors ..
| pump
Sialion
[
Hiah
Para.
| view
| pictire
=
| ss0
0
Some schematic data outside defaut extents (see View/Set Schematic lot Etents.

0.0266, 0.9957

52

We interpolate Cross Sections (XS’s)
within a river reach:

X5 Interpolation by Reach

River: EPFL hd
Reach: w2
Upstream Riv Sta: (AllRS) -
Downstream Riv Sta: (Al RS) =\

Maximum Distance between XS's:

CutLine GIS Coordinates
& Linearly interpolate cut lines from bounding %S's g
(only available when bounding X5's are Georeferenced)

(™ Generate for display as perpendicular segments to reach invert
(will be repositioned as cross section data is changed)

Decimal places in interpolated Sta/Elev:

Delete Interpolated ¥S's |

Em:er max distance between interp XSs.

Can be done between 2 XS’s only
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L HEC-RAS: Interpolation

Many new sections appeared:

| ¢ Geometric Data - geo - o x

ols S Tools

Eile Edit Options View JTables p
SAf20 BC  |Reference| 1€ |Reference| EDR&E{ 2DArea

storage | 2D Flow
Area Arsa

Plot WS extents for Profile:

= . [mone) =
B

Description :

RS

Jool Riy
ools fver Conn | L Lines Ereaklined Maann

biiiined Reglens %

Pump
Station
[0

—

Editors
Junct.

Inline:
Struoture

=

Lateral
Structure

Storage
res

2D Flow
| “Area

sA2D
e

==

Pump
Station
>

HTah
Param

igw
Picture
=]

None of the XS's are Geo-Referenced (— Geo-Ref user entered XS — Geo-Ref XS — Non Geo-Ref user entered X5 — Non Geo-Ref interpolated XS)

Some schematic data outside default extents (see View/Set Schematic Plot Extents...)
ET)
| 0.5374, 06863
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PFL - HEC-RAS: Interpolation

We can look at them in “3D”
!HEC_RAS(}_& S S S
File Edit Run Xiew Options GISTools Help
=

IR B WA PP - S EET S ) SRl S

X

Froject: ftutorial \C: Wsers\STREEM \Documents \HEC-RAS tutorial. pri

=

Plan: | |

Geometry: |

I
Steady Flow: | |
I

Unsteady Flow: |

Description: I

- J [stunits

The interpolation is linear between sections
We must have sections in areas where sudden
changes occur. Otherwise, we’re unable to
capture the physics.

B CIVIL-312

TEETE i
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HEC-RAS GUI

We run again the model

B HeC-RAS
File Edit

6.6

)

Run View Opticns GISTocls Help

==

Project:

Plan:
Geometry:
Steady Flow:
Unsteady Flow
Description:

&g

=

Zll-| 3| In |«

&

T

fhutorial

[C:\Users\STREEM\Documents\HEC-RAS \tutorial. pri

- J|51 Units

% Steady Flow Analysis
File Options Help

Plan: pian

Geometry File: [oeo

Steady Flow Fie: [,

Flow Regi

Plan Description

@ Suberitical

© Supercitical
 Mixed
Optional Programs

™ Floodplain Mapping

Compute

Enter fEdit short identifier for plan (used in plan comparisons)

-RAS Finished Computations
HEC-RAS Finished Compt

X

-Steady Flow

River:

|| Reach:  Tutorial

Rs: ]
Node Type:  Cross Section

profie:  PF1

Computing superaritical profie
Smulston: 1/1
G

Plan: ‘plan’ (tutorialp01)
Simulation started at: 10Nov2025 11:03:25 AM

\Writing Plan GIS Data.

(Completed Viiting Plan GIS Data
Wiiting Geometry.

(Completed Viriting Geometry

\riting Event Conditons

{Completed Uiriting Event Condition Data

Finished Steady Flow Simulation

Computations Summary

(Computation Task

(Steady Flow Simulation HEC-RAS 6.6 September 2024

(Completing Geometry, Flow and Plan
H

(Complete Process

Pause Miake Snapshot of Results
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L

HEC-RAS: Results

It looks better

tutorial  Plan: plan  11/6/2025

But if we check the warnings...
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HEC-RAS: Results

%! Errors Warnings and Motes for Plan : First = O >
! River: |EF‘FL ﬂ Profile: |PF 1 ﬂ
| Reach: |Tub3ria| j Plan: ||:|Ian j
Location: River: EPFL Reach: Tutoriall R5: 3  Profile: PF 1 -
Warning: The energy egquation could not be balanced within the spedfied number of iterations. The program
{ used critical depth for the water surface and continued on with the calculations.,
| Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there is not
a valid subcritical answer. The program defaulted to critical depth.
Location: River: EPFL Reach: Tutorial RS: 2.9956*  Profile: PF 1
Warning: The energy egquation could not be balanced within the specified number of iterations. The program
used critical depth for the water surface and continued on with the calculations.
Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there is not
| a valid subcritical answer. The program defaulted to critical depth.
Location: River: EPFL Reach: Tutorial RS: 2.9911%  Profile: PF 1 j
Clipboard Print ... File ... Close
i |
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=PFL HEC-RAS: Flow Regime

% Steady Flow Analysis - - 1§ x
File Options Help
Plan: plan Snhort ID: [Frst
Geometry File: Jaeo =l
Steady Flow Fle: —[go =i

This assumption of subcritical flow everywhere

* s e =11 )
el b g. seems to be incorrect :O
. | |
I™ Floodplain Mapping v
= I Remember how we said the profile should be?

[Enter/Edit short identifie for plan (used in plan comparisons)
T

I's a mix between super and sub critical flows.

Elevation (m)

0 -500 -1000 -1500 -2000 -2500 -3000 -3500 -4000 -4500
Distance (m)

B CIVIL-312
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We change it to mixed:

HEC-RAS: Flow Re

i Steady Flow Analysis X
File Options Help
Plan: ian Short 10: [First
Geometry File: Igeo LI
Steady Flow File: Iﬁow ;I

Flow Regime
" subritical
£ Supercritical
# Mixed!

™ Floodplain Mapping

Plan Description

Compute

belect flow regime for steady flow computations

And Compute again.

B CIVIL-312



=Pl HEC-RAS: Flow Regime "

We change it to mixed:

i Steady Flow Analysis = X |
File Options Help
Plan:  |pian Short 10: [First
Geometry File: Igeo LI . .
I 5 Now it looks as we said:
Flow Regime Plan Description tutorial  Plan: plan  11/6/2026 ‘
€ Suberitical N . £PFL Tutorial | -
£ Supercritical
& Med!
WS PR
Ground
™ Floodplain Mapping =
Compute
belect flow regime for steady flow computations
B
3
N
—
ki
> R 1000 2000 3000 4000 5000
O
[
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L HEC-RAS: Results

We can also force the critical depth to show everywhere:
Hydraulic jumps are always plotted between 2 sections only,
even if the length is greater than the separation between those 2 XS's

1% Steady Flow Analysis - X
File Options Help

Plan: Encroachments ... : |First
Conveyance Calculations ... =
Friction Slope Method ... =

Flo: Set Calculation Tolerances ...
. —. tutorial Plan: plan  11/6/2025
4 Critical Depth Output Option ... R |
IS Critical Depth Computation Method ... ‘ ®
Op Flow Optimizations ... |
|
[~ Checkdata before execution v
Set Log File Output Level ... "
— View Log File ... L |
Enter

View Runtime Messages File ...

—_——eee——
HEC-RAS

lect Quiput Options |

OK | Cancel |

Elevation (m)
@

/ Normal depth can’t be shown :C

61

Legend

Crit PF 1

WS PF 1
Ground

0 1000 2000 3000 4000

Hain Channel Distance (m)

5000
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EPF

HEC-RAS: Results

We can get results as table

BB HEC-RAS 6.6 - X
File Edit Run View Options GISTools Help

@] e | £ |alx]mE = -]E 7 eln & : E
Project: I'Iumrial }::\}.Jsers\SI'P.EEM\,Dcmmems\,}-!EC-RAS\mtonal‘prj g‘

Tutorial |2.8533* [PF 1 35.00 12.62 13.00 13.20 13.70 0.

Plan: | |

Geometry: | | Profile Qutput Table - Standard Table 1

Steady Flow: | | File Options Std.Tables Locations Help

Unsteady Flow: | | PF 1

Description: | Reach |RiverSta [Profle | QTotal | Min ChEl [W.S. Elev|Crit w.S. [E.G. Ei{E‘G‘ Slope| Vel chnl |Flow Area|Top V\M{quda =chl

\ @) [ ) [ ) | [ | m | i) | @D [ m
Tutorial |3 PF1 35.00; 13.50 13.88 14.08 14.58 0.005302 3.72 . 25.00
Tutorial [2.9956* [PF 1 35.00 13.47 13.85 14.06 14.56 0.005315 3.72 9.40 25.00
Tutorial |2.9911* [PF 1 35.00 13.45 13.82] 14.03 14.53 0.005315 3.72 9.40 25.00
Tutorial [2.9867* [PF 1 35.00 13.42 13.80 14.00 14.50 0.005304 3.72 9.41 25.00
Tutorial |2.9822* [PF 1 35.00 13.39 13.77 13.98 14.47 0.005277 3.72 9.42| 25.00
Tutorial |2.9778* [PF 1 35.00 13.37 13.74] 13.95 14.45 0.005277 3.72 9.42 25.00
Tutorial |2.9733* [PF 1 35.00 13.34 13.72; 13.92 14.42 0.005243 3.71 9.44) 25.00
Tutorial |2.9689* [PF 1 35.00 13.31 13.69 13.90 14.33 0.005219 3.70 9.45 25.00
Tutorial [2.9644* [PF 1 35.00 13.29 13.67] 13.87] 14.36 0.005219 3.70 9.45 25.00
Tutorial |2.9600* [PF 1 35.00 13.26 13.64] 13.84/ 14.33 0.005172 3.69 9.48 25.00
Tutorial _[2.9556* [PF 1 35.00 13.23 13.61 13.82] 14.31 0.005208 3.70 9.46 25.00
Tutorial |2.9511* [PF 1 35.00 13.21 13.59 13.79 14.28 0.005208 3.70 9.46 25.00
Tutorial |2.9467* [PF 1 35.00 13.18 13.56 13.76 14.25 0.005159 3.69 9.48 25.00
Tutorial |2.9422* [PF 1 35.00 13.15 13.53 13.74, 14.22 0.005119 3.68 9.51) 25.00
Tutorial |2.9378* [PF 1 35.00 13.13 13.51 13.71) 14.20 0.005110 3.68 9.51 25.00
Tutorial [2.9333* [PF 1 35.00 13.10 13.48 13.68 14.17 0.005156 3.69 9.49 25.00
Tutorial |2.9289* [PF 1 35.00 13.07 13.45 13.66 14.15 0.005195 3.70 9.46 25.00
Tutorial [2.9244* [PF 1 35.00 13.05 13.43] 13.63] 14.12 0.005194 3.70 9.47 25.00
Tutorial |2.9200* [PF 1 35.00 13.02 13.40 13.60 14.09 0.005156 3.69 9.49 25.00
Tutorial |2.9156* [PF 1 35.00 12.93 13.37] 13.58 14.07 0.005194 3.70 9.47 25.00
Tutorial |2.9111* [PF 1 35.00 12.97 13.35 13.55 14.04 0.005193 370 9.47) 25.00
Tutorial |2.9067* [PF 1 35.00 12.94 13.32] 13.52] 14.02 0.005226 3.70 9.45 25.00
Tutorial [2.9022* [PF 1 35.00 12.91 13.29 13.50 13.99 0.005177 3.69 9.47 25.00
Tutorial |2.8978* [PF 1 35.00 12.88 13.27] 13.47] 13.96 0.005177 3.69 9.47 25.00
Tutorial [2.8933* [PF 1 35.00 12.86 13.24) 13.44) 13.93 0.005135 3.68 9.50 25.00
Tutorial |2.8889* [PF 1 35.00 12.83 13.21 13.42 13.91 0.005177 3.69 9.47| 25.00
Tutorial |2.8844* [PF 1 35.00 12.81 13.19 13.39 13.88 0.005171 3.69 9.48 25.00
Tutorial |2.8800* [PF 1 35.00 12.78 13.16 13.36 13.86 0.005208 370 9.46 25.00
Tutorial | 2.8756* [PF 1 35.00 12.75 13.13] 13.34) 13.83 0.005168 3.69 9.48 25.00
Tutorial [2.8711* [PF 1 35.00 12.73 13.11 13.31) 13.80 0.005156 3.69 9.49 25.00
Tutorial |2.8667* [PF 1 35.00 12.70 13.08 13.28 13.77 0.005111] 3.68 9.51 25.00
Tutorial _[2.8622* [PF 1 35.00 12.67 13.05 13.26 13.75 0.005157 3.69 9.49 25.00
Tutorial |2.8578* [PF 1 35.00 12.65 13.03; 13.23 13.72 0.005146 3.69 9.49 25.00

.005186 3.70 9.47 25.00

(m) x

Reload Data

I?m\ flow in cross secton.
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And compare with our Direct-Step Method results:
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£PFL  Exercise

Model the following situation. Which Boundary Conditions do you think are more appropriate for this
case? If you double the discharge, how does the Hydraulic Profile change? How would you solve this
problem with the Direct-Step Method?

Q = 6.5 m’/s
S, = 0.01

[T 1m

B CIVIL-312
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