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One — dimensional river models (1-D models)
Assumptions

» Flow Is one dimensional

» Streamline curvature Is small

» Boundary friction — resistance laws

» Channel bed slope is sir

Conservation of
+ Mass — flow & sediment continuityeEeeEiet
<+ Energy
<+ Momentum — dynamic equation




HEC-RAS Is designed to perform one-
dimensional hydraulic calculations for a full
network of natural and constructed channels.

Major capabilities of HEC-RAS.

User interface

Hydraulic Analysis Components
Data Storage and Management
Graphics and Reporting

RAS Mapper

o
o
o
o
o




HEC-RAS
U.S. Army Corps of Engineers River Analysis
System (HEC-RAS) developed by the Hydrologid
Engineering Center.
» Graphical user interface (GUI)
» Hydraulic analysis components

» Data storage and management capabll

» Graphics and reporting facilities
One-dimensional hydraulic analysis components
(1) steady flow water surface profile computation
(2) unsteady flow simulation; and
(3) movable boundary sediment transport

computations.




The user interacts with HEC-RAS through a graph
user interface (GUI). The interface provides for

~lle management

Data entry and editir

Hydraulic analyses

Tabulation and graphical displays of input anc
output data

Reporting faclilities

On-line help
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(1) Steady Flow Water Surface Profiles

(2) Unsteady Flow Simulation;

(3) Movable Boundary Sediment Transport
computations

(4) Water Quality Analysis.
All four components use a common
geometric data representation and comm
geometric and hydraulic computation
routines.
Hydraulic design features




Steady Flow-Water Surface Profiles

a) Calculating water surface profiles for steadydgedly
varied flow.
b) The system can handle a full network of chanrsels,
dendritic system, or a single river reach:.
c) The steady flow component is capable of modeling
» subcritical,
» supercritical, and
» mixed flow regimes water surface profiles.




The basic computational procedure

» Dbased on the solution of the one-dimensional energy
equation.
» Energy losses are evaluated by
e friction (Manning’s equation) and
e contraction/expansion (coefficient multiplied byeth
change in velocity head).

» The momentum equation used Iin situations‘wher
water surface profile is rapidly varied.
 mixed flow regime calculations (i.e. hydraulic jus)p
hydraulics of bridges, and evaluating profileshadir
confluences (stream junctions).
» The effects of various obstructions such as bridges
culverts, weirs, and structures in the flood plaay be
considered in the computations.




Flow Classification

Classification by Time
Steady Flow — Constant Flow
Rate Unsteady Flow —

Steady Flow Unsteady Flow

Depth and velocity al & given Depth and velocity vary
Cha ng| ng FIOW Rate location do not vary with time. with time at a given location.
Classification by Distance
Uniform Flow — Characterized v
by constant depth and S RS,

constant mean flow velocity
Non-uniform Flow —
Characterized by varying

Uniform Flow Varied Flow
d € pth an d constant mean Depth and velocity are constant Depth and velocity vary with
with distance along the channel distance along the channel.

flow velocity ( In most
Practical Cases)



Upstream control

Sluice gate
Control

Hydraulic jump

Dewnstream control
Shamp-crested weir

| l | O
Rapidly- Gradually-  Rapidly- Gradually- Rapidly-
varied flow varied flow varied flow varied flow varied flow
Upstream control
, Critical depth

|-

Supercritical flow

Control
i Hydraulic Downstream control
Fapkily- Jump . Suboritical flow O
varied flow ! erflow
i (eritical depth)
Gradual by- i '
waried flow ' —
Gradually- | ok Gradually- I |
varied flow Rapidly: — \otied flow ! Rapldly-
varied flow varied flow
dy = d, Mild slope Uniform flow: Fry, < 1 (subcnitical flow)
de = d; Critical slope Uniform flow: Fr, = 1 (critical flow)
dy = A, Steep slope Uniform flow: Fr,

= 1 (supercritical flow)
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Governing Equations
Energy Equation

Gradually Varied Flow
Computations involve
solution of one dimensional
energy equation

Water surface profiles are
computed from one cross
section to the other using
lteration method/ standard
step method Computational
procedure.....

The energy equation is only
applicable to gradually
varied flow situation
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Where: Z,.7, = elevation of the main channel inverts

¥,l = depth of water at cross sections

V. V. = average velocities (total discharge/ total flow
area)

a,,a = velocity weighting coefficients

o = gravitational acceleration

= energy head loss
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Computation Procedure

1. Assume water surface elevation at
upstream/ downstream cross-section

2. Based on the assumed water surface
elevation, determine the corresponding
total conveyance and velocity head
using Manning’s Equation
With values from step 2,compute and
solve equation for he

With values from steps 2 and 3,solve
energy equation for WS2.

Compare the computed value of WS2
with value assumed instep 1; repeat
steps 1 through 5 until the values agree
to within 0.01 feet, or the user-defined
tolerance.




Governing Equations
Momentum Equation

Rapidly Varied Flow

(Sharp crested weir, Hydraulic
jump, Sluice gate etc)
Whenever flow encounters
transition from supercritical
flow to subcritical flow or
vice-versa, the flow varies

rapidly and energy equation is
not valid

Momentum equations are
applied to account for various
hydraulic parameters in
rapidly varied flow




Governing Equations
General Notes

The momentum and energy equations may be written
similarly. Note that the loss term in the energy equation
represents internal energy losses while the loss in the

momentum equation (hm) represents losses due.to external
forces

In uniform flow, the internal and external losses are
identical. In gradually varied flow, they are close




Basic Data Requirement
Any Simulation in HEC-RAS requires following 5 Steps

1)Define geometry

2)Define flows ( steady/unsteady analysis)
3)Define Boundary conditions

4)Perform Simulations

5)Review Output and Results

All above steps are simple and user friendly in HEC-RAS
provided you have sound understanding of hydraulic
phenomena involve in particular analysis Before going to
model practice, above mentioned five steps would be
explained in next slides




The steady flow system is designed for applicainoiiood
plain management and flood insurance studies tliatea
floodway encroachments. Also, capabilities arelatsbe for
assessing the change in water surface profilesadcieannel
Improvements, and levees.
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Unsteady Flow Simulation

*»*Simulating one-dimensional unsteady flow throu
a full network of open channels.

**The unsteady flow equation solver was adapted
from Dr. Robert L. Barkau's UNET model

“*The unsteady flow component was develo
primarily for subcritical flow regime calculations.
“*The model can now perform mixed flow regime
(subcritical, supercritical, hydraulic jJumps, arawa
downs) calculations




** The hydraulic calculations for cross-sections,
bridges, culverts, and other hydraulic structure
that were developed for the steady flow
component were incorporated into the unstead
flow module.

Special features of the unsteady flow.compe
iInclude:

Dam break analysis;

evee breaching and overtopping;
Pumping stations;

navigation dam operations; and
pressurized pipe systems.
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Sediment Transport/Movable Boundary
Computations

This component of the modeling system is intende
for the simulation of one-dimensional sediment
transport/movable boundary calculations resulting
from scour and deposition over moderate timeypsi
(typically years, although applications to singt
events are possible).

The sediment transport potential iIs computed bing
size fraction, thereby allowing the simulation of
hydraulic sorting and armoring.




Major features include the ablility to model a fodtwork of
streams, channel dredging, various levee and ectonoent
alternatives, and the use of several different sojs for the
computation of sediment transport.

The model is designed to simulate long-term tresidsour
and deposition in a stream channel that might résarh
modifying the frequency and duration of the waltischlarge
and stage, or modifying the channel geometry.

This system can be used to evaluate depositioEsErvoIrs,

C

d
d
f

esign channel contractions required to maintaungadion
epths, predict the influence of dredging on the oh
eposition, estimate maximum possible scour duamg
ood events, and evaluate sedimentation in fixeghoels.




Data Storage i1s accomplished through the use ¢
> “Flat" files (ASCII and binary)

» The HEC-DSS

User input data are stored in flow filessunder
separate categories of project, plan, geom

steady flow, unsteady flow, and sediment data

Data management is accomplished through the
Interface.

»The interface provides for renaming, moving,
and deletion of files on a project-by-project basi
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Graphics include

X-Y plots of the river system schematic,
Cross-sections,

profiles,

rating curves

hydrographs,

A three-dimensional plot

Tabular output

» pre-defined tables

» customized tables

>
>
>
>
>
>
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Cross Section Data - Base EEDI'I'IE]:'t‘-'f’.ﬂﬁij Ej
Exit Edit Options Plot Help
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File: Options  Help

E nter/E dit Mumber of Profiles (500 max); 14

Steady Flow Data - larger Hows Tl

Feach Boundary Conditions

Locations of Flaw Data Changes:

Fiver: |Fall Biver

Feach: |Upper Reach

Flony Eh-Ee Location

Biver Sta.; 1 0.4

Add & Flaw Change Location !

Profile Mames and Flow Rates

River Reach H5 10 vr 25 50 yr 100 wr
1| Fall River Upper Reach 104 | 750 1000 1500 2000
2| Fall River Lowier Reach 573 [300 1250 2000 2700
3| Fall Riseer Lowier Reach 36 |975 1300 2100 2000
4] Butte Creek Fibian L L5t 500 750

HEC-RAS Steady Flow data editor
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HEC-RAS Profile plot output




% X-Y-Z Perspective Plot
File: Cphions

Riser Sta Start {12 :_I Em | __-_',—I ﬁ
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River: [ Critizal Cr.

Reach

Flar: Modified Geo
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E‘IE: Cross Section Ouktpuk - :

File Twpe Options Help

=ioi
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Vel Head [f]

w5, Eley (i)

Crit %5 [ft)
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[ Tatal [cfs]
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Yel Tatal [ftéz]

b ax Chi Dipth [f]

Coni. Total fcfz)

Length *#ftd. [ft]

biri Ch E1 [#t]

Alpha

Fricth Losz [ft]

C&E Lozz [ft]

=] Profile: 100 =]
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_________________ TE1E.0z | Element Lelt OB_|_Chennel | Right 0B
048 | "Wt nfal 0.100 0.040 0100
1815.54 | Reach Len. [ft] 100.00 100,00 10000
181446 | Flow &rea [zq it 247360 24247 17774
0.004567 | Area [z ft] 247360 24247 17774
S000.00 | Flow jicfs] A74a43 0 306315 18342
915.30 | Top 'wfidtk (1] £33.71 4500 17058
3.01 | Awg. el [ftfg] 232 296 1.03
11.94 | Hudr. Depth [ft] 254 7B 1.04
1331824 | Conv. [cfs] gh0eRs | 4R4027 27143
100.00 | “Wetted Per, [ft] 70256 AOB0 17061
180360 | Shear [Ib/sq ft] 1.00 g1 030
341 | Stream Power [IBAE 2] 233 17.22 .31
0.54 | Curn “olume |acra-t] 216.87 42 40 10.36
0.04 | Cum 54 [acres] 960 E.44 782
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Energy gradeline for given WSEL. \

HEC-RAS
crossisection
data tabula
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2t Profile Oatput Table - Sstandard Table 1

=100 =i

Fie Cptions 5bd, Tables Lser Tahles Locations  Help

HEC-R4S Flar: Exsl Cond Hiver CriicalCr. Heach: Uppes Reach  Profile: 100 g ¢ B et
Reach Fiver Sta | G Total | MinChEl ' 5 Eley] Citw.5. | EG. Elev| E:G. Slooe| Wel Chnl | Flow dreal Topwidth| Froude B Chi

EHE [ IFt] [Ft] [Ft] [fi1t) [fid's] = It) [ft]

Upper Bzach|12 900000 180280 181506 12144 181576 000EEST 1061 255845 97061 0E3
Upper Reach |11 Jnoooo 180 1a0dd 15inds 18 e D00EEs 1203 173474 8bZ.3d 05
Hpper Reach| 10 J000000 173440 180446 180365 180433 0O0O10Z76 1048 247511 114.40 03
Upper Alzach| 4 S000.00 178370 179931 199931 1800016 O009esT 11,48 2719.91  1216.82 0e0
Upper Boach| 2 SRO0O0. 1784.30 179288 179289 179508 0002612 1238 282468 111069 0
Upper Beach) & SROOO0, 17FF 200 1VBRRE TABREY 773100 0007Mn 1318 M5hAE BZEAT 1175
U pper Fizach| G 980000 177430 178423 178423 178635 0011143 13.38, 128630 33238 033
U pper Fizach | 5 950000 176350 177E.01| 1FFEE1 1FFeE 003216 1355 183026 50334 097
U pper Bsack| 4 SR00.000 176300 177344 177223 17788 0004537 932 299872  7E0.42 053
Lpper Reach| SA0000 175340 1/RF 2% TR TR TG4 DmEsn TR05 TRINES B AR 141
Upper Fizach| 2 3500000 173350 1761.34 1760.03 175210 0003413 100360 232362 BE2TI 073
Upper Aeach| 1 950000 174740 175671 170571 175721 0010002 991 240393 Y28.00 073

HEC-RAS profile data tabular output




HEC-RAS has the capabillity to perform inundation

mapping of water surface profile results directiyn

HEC-RAS.

1. Using the HECQRAS geometry and computed wa
surface profiles, inundation depth and floodplal

boundary datasets are crea

. Additional geospatial data can be generated fo
analysis of velocity, shear stress, stream power
thickness, and floodway encroachment data.

. In order to use the RAS Mapper for for analysis
you must have a terrain model in the binary ras
floating-point format (.flt).
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