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HEC-HMS

(Hydrologic Engineering Center — Hydrologic Modeling System)
(www.hec.usace.army.mil)

: Hydrologic Engineering Center
US Army Corps of Engineers

The Hydrologic Engineering Center (HEC), an organization within the Institute for Water Resources, is the designated
Center of Expertize for the U.S. Army Corps of Engineers in the technical areas of surface and groundwater hydrology, river
hydraulics and sediment transport, hydrolegic statistice and rigk analysie, reservoir eystem analysig, planning analysis, real-
time water contrel management and a number of other closely azsociated technical subjects. HEC supports Corps field
offices, headguarters, and laboratories by providing technical metheds and guidance, water resources models and

HEC-HMS 4.0

HEC-ResSim 3.1

ssociated utilties, training and workshops, accomplishing research and development, and performing technical assistance
special projects. The products that are developed frem these activities are for the Corps but are available to the public
By be freely downloaded from this web site.
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ecRAS 10.2

HEC-GecEFM 1.0

HEC-EFM 2.0 HEC'HMS 4-3

HEC-EFM Plotter 1.1

R VWebmaster E-mail Address: Webmaster-HEC@usace. army. mil

visional)
Mailing Address:
Department of The Army
Corps of Engineers

HEC-RFT 2.0

m m Institute for VWater Resources

Hydrologic Engineering Center

-.__

FLOOD ANALYSIS BASED ON THE HEC-HMS
PROGRAM

L Models implemented in HEC-HMS program and
related concepts (modelos implementados no programa HEC-HMS e
conceitos afins)

L, utilization of the HEC-HMS program (utilizagao do

programa HEC-HMS)

oECIVIL
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Figure 2. Typical representation of watershed runoff.




u .__
Models implemented in the HEC-HMS program and
related concepts (modelos implementados no programa HEC-HMS e conceitos
afins)
L, Precipitation losses: initial and continuous (perdas de
precipitagdes: iniciais e continuas)
L, Excess rainfall-direct runoff models (transformagéo das precipitagdes
efetivas em escoamento direto)
SN Separation of the direct runoff and of the baseflow (separagao
dos escoamentos direto e de base)
', Propagation of flood hydrographs along rivers reaches

(propagagéo de hidrogramas em trechos de canal)

PROGRAMA HEC-HMS (cont.)

> Flood routing in artificial reservoirs (amortecimento de ondas de
cheia em albufeiras)
T Design rainfalls: values and hyetographs (precipitagdes de projeto:

valores e hietogramas)

@cwvu Q> ranen
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.'._M

odels for the rainfall losses (modelos de perdas de precipitacéo)

AModel Categorization

Inihal and constant-rate event, lumped, empineal, fitted parametar

SC5 curve mumber (CIV) event, lumped, empirical, fitted parametar

Griddad 5C5 CW event, distnbutad, empinical, fittad
paramater
Green and Ampt event, distributed, empirical, fittad
paramester
Rainfall

intensity

Excess rainfall

Initial losses

Continuous losses

DECIVIL T
B SR ime M.M.Portela (2019/2020) - 347

Models to transform of the excess rainfall into direct runoff under
flood conditions (modelos de transformagao da precipitacéo efetiva em
escoamento direto em condigées de cheia)

Table 3-2. Direct-runaff models

Madel Categorization

User-specified umit hydrograph (UH) event, lumped, smpirical, fitted parameter

Clark’s UH event, lumped, smpincal, fitted parametsr

Snyder’s UH event, lumped, smpirical, ftted parameter

SCSUH avent, lumped, smpineal, fitted parametsr

MModClark event, distributed, emprrical, fittad
paramater

Kinematic wave event, lumped, conceptual, measured
paramater

DECIVIL
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-—
Models related to the contribution of the ground water to the flood

hydrograph — baseflow (modelos referentes a contribuigéo do escoamento de base/esgotamento
das reservas subterraneas para o hidrograma de cheia)

Table 3-3. Bareflow modelz

Model Categorization

Constant monthly event, lumped, smpinical, Stted parametsr
Exponential recession event, lumped, empirical, fitted parameter

Linsar reservolr event, lumped, smpirical, Atted parametsr

(under flood design conditions the contribution of the baseflow is
often neglectable)

(... em condigdes de projeto, a contribui¢do do escoamento de base é normalmente
desprezavel...)

DECIVIL
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|
i Models for flood routing along river/channel reaches (modelos de

propagacéo de hidrogramas em trechos de canal)

Table 3-4. Routing medel:

Model Categorization
Kinematic wave event, lumped, conceptual, measured
parameater
Lag event, lumped. empirical, ftted parameter
Meodified Puls event, lumped, empineal, ftted paramater
Muskmpum event, lumped, smpirical, ftted parametsr
Muskmgum-Cunge Standard Saction event, lumped, quasi-conceptual,

mezsured parametar

MMuskmpgum-Cunge E-poimnt Section event, lumped, guasi-conceptual,
measured parametsr

Conflusnce contmuons, concepial, meazurad
paramsater
Bifurcation contmuons, concepiual, measurad
. paramater
@ ----- 350

Ll ..‘ Table 5. Drirect-runoff models.
Model Categorization
User-specified unit hydrograph {JH) event, lumped, empirical, fitted parameter
Clark's UH event, lumped, empirical, fitted parameter
Snyder's UH event, lumped, empirical, fitted parameter
SCS UH event, lumped, empirical, fitted parameter
ModClark event, distributed, empirical, fited paramester Lumped
Kinematic wawve event, lumped, concepiual, measured parameter
User-specified unit hydrograph {JH) event, lumped, empirical, fitted parameter models
Table 6. Baselffow models.
Model Categorization (modelos
Constant monthihy event, lumped, empirical, fitted parameter agregados)
Exponential recession event, lumped, empirical, fitted parameter
Lin=ar reservoir event, lumped, empirical, fitted parameter

The choices for modeling channel flow with HEC-HMS are listed in Table 7. These
so-called routing models simulate one-dimensional open channel flow.

Table 7. Routing models.
Model Categorization

Kinematic wave event, lumped, conceptual, measured parameter

Lag event, lumped, empirical, fitted parameter

Medified Puls event, lumped, empirical, fitted parameter

Muskingum event, lumped, empirical, fitted parameter

Muskingum-Cunge Standard Section event, lumped, quasi-conceptual, measured
parameter

Muskingum-Cunge 3-point Section event, lumped, quasi-conceptual, measured
parameter

Confluence confinuous, conceptual, measured
parameter

DECI -
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l.-_ HEC-HMS program (cont.)
DESIGN RAINFALL <>  HEC-HMS PROGRAM:

v'In each time step, the program considers that the rainfall is uniform
over the watershed — lumped model

\/The program requires the previous establishment of the design
rainfall which is part of the data

\/It also requires the specification of the design hyetograph except
for some particular conditions ... (USA)

v Considera que, em cada instante, a precipitagado é uniforme na area da bacia hidrografica
(modelo agregado).

v Requer a indicagao da precipitagdo para que se pretende o calculo do hidrograma.

‘/Requer a indicagdo do hietograma associado a anterior precipitacdo (... padroes
implementados que, contudo, .... em Portugal, geralmente mediante o recurso a curvas
e intensidade- -duracéo-frequéncia).

1
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n .__ HEC-HMS program (cont.)
RAINFALL LOSSES

v'The program can neglect the losses due to evaporation and
evapotranspiration and take into account only the losses by infiltration...
the relevant ones ...

v The precipitation losses occur only in permeable areas; in the impervious
areas all the rainfall becomes direct runoff ... to address this issue the
program requires the specification of the percentage of impervious

areas Rainfall

Infiltration

vo programa pode desprezar as perdas por evaporacdo e por evapotranspiracdo e, assim,
atender apenas as perdas por infiltracdo ... relevantes ...

v’ S8 associa perdas a areas que ndo sejam impermedveis, assumindo que, nas areas
impermeaveis, toda a precipitacdo é efetiva

m DECIVIL
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u .__ HEC-HMS program (cont.)

Models for the rainfall losses more often utilized

a) Initial loss combined with a continuous loss with
constant intensity

b) goil Conservation Service (SCS) based on the curve number,
N

c) Infiltration models (Green-Ampt model)

Precipitaglio efectiva

E Perda >
g inicial -
3 > Data
8 — a) |Initial loss and rate of the
4 | continuous loss
B =T b) CN
|\ Perda c¢) Soil/infiltration parameters
- continua
Tempo
DECIVIL
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u .__ HEC-HMS program (cont.)

% Models for the separation of the direct runoff
from the baseflow

Caudal Caudal n heia

Hidrograma do
escoamento direto

Hidrograma do

1
|
|
|
Caudal
escoamento de
Escohm

ento base Hidrograma referente ao
dheto escoamento de base
|
Escoamentd de base

1 ! *

'.M.I‘%fmﬁ’adi.: Tempo Tempo
1 subida escida

1 Tempo de base 1
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u .__ HEC-HMS program (cont.)

Models to transform the excess rainfall into a direct runoff
flood hydrograph — based on the unit hydrograph model

Besides allowing to specify an unit hydrograph as data, the HEC-HMS
program has implemented different synthetic unit hydrographs models
with parameters that are established according to fundamental
characteristics of the watersheds, namely physiographic
characteristics easily obtained from the topographic representations:

v’ Snyder synthetic unit hydrograp

v Soil Conservation Service, SCS, synthetic
unit hydrograph

v Clark instantaneous synthetic unit hydrograph

m DECIVIL
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u .__ HEC-HMS program (cont.)

Flood routing along natural or artificial channels

Lag time model (which considers that the flood wave only
suffers a translation when propagating downstream, the lag
time being the travel time)

Muskingum model
Muskinghum Cunge models

02=C012+C111+C201

Armazenamento em

Armazenamento em cunha negativo
cunha positivo - o At/K-2X
L s - N EDOORROERREE ; _2(1—X)+At/K
T : : At/K +2X
. . Cl=_2/Ter
0 2(1-X)+At/K
Coo 2(1-X)-At/K
Armazenamento prismético T2 (1 -X)+A t/K
Co+C1+C2=1
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Hydrologic Engineering Center

US Army Corps of Engineers

M ABOUT NEWSLETTERS SOFTWARE PUBLICATIONS TRAINING VISITORS LINKS CONTACT

T Ty B HEC-HMS &0 {CADoew P old\KesrOum,_PAF hevs) =
{Fle Eat view Compcnents Pacameters Compute Resuts Tools Help
A DSHS M+ abuaFsrve
Features i
What's New B
Downloads

Documentation
Known Issues
Bug Repont
Suggestions

Sponsors

Support Palicy Sublbasin "SubDanl)10" Results for Run "Evest 1996°

e Sutbotn | Logs | Tronsform | Baseow | Gptors
Basin Mame: KerrDamwatershed 00
EHlement Name: SubSmithRpver02e
Descrption:
Donnstras: G_Sethiover_Marten -3
“heea pa1) 16443
Lataude Degrees: {
Longpuce egrees: |
Canopy Method: ~dlona- - f\‘
Sface Mesho: —dione-- -
T = FGTE 25364 Faund o pavameie: pratiens 1 meieerlops el P R O |
et e — | o2t e e e SRR
ol = TR 105: et coeio i e S 998 S TR
WOTE 1017%: Opared basn medel WarrDusiviatrshad 007 ot tme 05Mar20 34, 09: 15:02 &=
Programa HEC-HMS (http:/www.hec.usace.army.mil/) n .._ Programa HEC-HMS (http:/www.hec.usace.army.mil/)
Hydrologic Engineering Center
US Army Corps of Engineers
.‘ ABOUT NEWSLETTERS SOFTWARE PUBLICATIONS TRAINING VISITORS LINKS CONTACT s A .
rmy Corps
HOME > SOFTWARE > HEG-HMS > DOWNLOADS US Army Corps wof Engineers..
of Engineers Hyeraiegk Engnesrng Semter
HEC-H HEC-HMS has been developed for the U S. Army Corps of Engineers. However, software developed at the Hivdrologic Engineering Center
Hydrologic Engineering Center is made available to the public whenever appropriate. Use is not restricted and
HEC-HMS individuals outside of the Corps of Engineers may use the program without charge. HEC will not provide user . . H drOID ic Model in S stem
assistance or support for this software to non-Corps users. Downloading this software indicates full acceptance of HydrOIOQIC MOdellng Sy5tem HEC H MgS g y
maatures your responsibility in the use of this program_ Please see the distribution policy for more details. HEC-HMS =
What's New
[Windows
Kpriiails The Windows setup package contains HEC-HMS 4.0 After starting the program, Documentation and Sample
rojects arg -|oTto T S s e et o
Documentation proj Current Version:
Known Issues HEC-HMS 4.1 |Primary Download Site:
Bug Report kel Download HEC-HMS 4 3 for Windows (182.0 MB) [Release Notes]
- Downlead b | L} pownlead HEC-HMS 4.3 Portable Version (165.0 1B) [Release Notes]
uggestions
Archived Ve
Sponsors kel Downloa |Alternate Download
Support Palicy kel Downloa |led Download HEC- 4.3 for Windows (162.0 MB) [Release Notes]
lal Downloa |kl Download HEC-HMS 4.3 Portable Version {165.0 MB) [Release Notes]
y
o o User's Manual
o g:x:::: Archived Versions: Technical Reference Manual
Il Downloa ke Download HEC-HMS 4.2.1 for Windows (135.0 MB) [Release Notes]
kel Downloa lad Download HEC-HMS 4.2 for Windows (129.0 MB) [Release Notes]
kel Downloa |ked Download HEC-HMS 4 1 for Windows (127.0 MB) [Release Notes]
kel Downioa | ] Download HEC-HMS 4.0 for Windows (74.0 MB) [Release Notes]
ksl Downloa ) Approved far Putiic Release - Disiribation Unlimied CPD-T4B |
e Downloa kel Download HEC-HMS 3.5 for Windows (57.0 MB) [Release Notes] Apprread for Bu: Raleass — Olitacion Unitid CFD-744

kel Download HEC-HMS 2.1.1 for Windows (10 MB) [Release Notes]
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I
Steps of the HEC-HMS application

1) Basin model (Is not a representation of the basin ... Is an interface where the
physical components to be considered as well as the models that should be applied to each

component and the corresponding parameters are identiﬁed) t
2) Temporal data/time series
(precipitation, discharge, ...) and paired
data (rating curve, ...) .

3) Meteorologic model (where the analysis that is going applied to the data
is specified)

4) Control specifications (computation time interval and time
step)

5) Execution/run of the program (without or with

parameters optimization) l

P Results

M.M.Portela (2019/2020) - 362

ponent and the corresponding parameters are identified) t

2) Temporal data/time serié

(precipitation, discharge, ...) and paire
data (rating curve, ...) .

3) Meteorologic model (where the analysis that is going applied to the data
is specified)

4) Control specifications (computation time interval and time
step)

5) Execution/run of the program (withou
parameters optimization

gsults
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Example 1

Apply the HEC-HMS program to the flood analysis in a watershed with
an area of 100 km? and a time of concentration of 2 h. The average
intensity of design effective rainfall with a return period of 50 years is
38 mm/h. Consider the application of the SCS HUS

Aplique o programa HEC-HMS a anélise de cheias numa bacia hidrogréafica
com a area de 100 km? e com o tempo de concentragdo de 2 h para o qual
a intensidade média da precipitacao efetiva de projeto com o periodo de

retorno de 50 anos é de 38 mm/h. Considere a aplicagédo do HUS do SCS

DECIVIL
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HEC-HMS Program (http://www.hec.usace.army.mil/)

5 HEC-HMS [BEE
File Edit view Components Parameters Compute Resuls Tools Help
D& |} ¢+ Q&0 B8FsPY ] % B EBEea

DECIVIL
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@ DECIVIL

a) Tools/”’setting” option for verification of the

program settings (defualt setting and units

system) (No TOOLS/’settings” averiguar as configuragdes)
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b) CREATE A NEW PROJECT (CRIAGAO DE UM NOVO

PROJETO)

DECIVIL
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n .-_ Criar um novo projeto - opcdo de New project no File menu (Create a new project)

ZE8 Edit  Wiew Components Parameters Compute Results Tools Help

Qb B Fe Py %BEESE

Chrl+C

Exit

Exercicio avalia

Problema 3

w DECIVIL

M.M.Portela (2019/2020) - 368

n .._ Criar um novo projeto - opcdo de New project no File menu (Create a new project)

File Edt View Components Parameters Computs Resuts Toolks Help

D&+ seBFer Ty sBENS

B Create a New Project

Mame: |

Description: |

Location: |uments and SattingsiManuela Portelaity Documents |

Defauit Uit System: |Metric ~]




[ Criar um novo projeto - opgdo de New project no File menu (Create a new project) -

File Edit View <Components Parameters Compute Results Tools Help

TS P s EFE T O EBEES
|2 Exerricinl

c) CRIACAO DO MODELO DE BACIA / CREAT THE

BASIN MODEL

Nao é a representagéo da bacia ... “ambiente de calculo” : componentes do sistema (bacias
hidrograficas, trechos de rio, albufeiras) e modelos e parametros dos modelos aplicaveis a
cada componente (modelos de perdas da precipitacdo, do escoamento de base, de
transformagé@o da precipitagado efetiva em hidrogramas de cheia, de propagacdo de
hidrogramas, de amortecimento de ondas de cheia, etc.

It is not the representation of the basin ... Is it only the way to define the
physical components that should be accounted for (river basins, river

Components | Compute | Resuls

Project

stretches, reservoirs), models and parameters of the models applicable to

N 2= iciol .. . .
e = each component (models for precipitation losses, for transformation of the
ption: =l
D55 File: |CiiDocuments and Settings\Manuels Fortelaipy | " excess precipitation into hydrographs of flood, for flood propagation, etc.)
DECIVIL
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I Criar o modelo de bacia — create the basin model » I Criar o modelo de bacia — create the basin model

S HEC-HMS -

File Edit  Wigw Wyi=p Parameters Compute Results Tools  Help

File Edit Wiew M Parameters Compute Resulks Tools  Help

0= g Create Component - ] 3 Do D= Create Component )I[J _*“ = E*J ¥ B H e
() Exerciciot @ Terrain Data Manager ) Exerciciol B Tersin Data Manager
1 4B Grid Region Manager 8B Grid Region Manager
| |
| & Basin Model Manager | & Basin Model Manager
@2 Meteorologic Model Manager 5@? Meteorologic Model Manager
£5 Control Specifications Manager 3 Control Specifications Manager
(Y Time-Series Data Manager ES Time-Series Data Manager
|2 Paired Data Manager |£Z  Paired Data Manager
Grid Data Manager Grid Data Manager
] ] 5 9
Terrain Data... Terrain Data...
Grid Region... The latest version has Grid Region...
Basin Model... additional optlons Basin Model...
Meteorologic Model.. compatlble with GIS Meteorologic Model...

systems

Control Specifications... Control Specifications...

Components | Computs | Resulks Companents | Compute | Resulks

Time-5eries Data... Tirne-5eries Data...

Project Projert

Paired Data... Paired Data...
MName: Exerciciol - Name: Exerciciol .
Grid Data... Grid Data...
Description: Description:
.
0S5 File: |C:\Documents and SettingsiManuela PartelaiiMy | E D55 File: |C:\Dacuments and SettingsiManuela Porkelaiiy |




Criar o modelo de bacia — create the basin model

= -[olx|
File Edit WYiew Components Parameters Compute Results Tools Help

& ‘Q’Q‘:ﬁl\:"_l:;g‘;*\fi_tj}f‘

~

0 &

) Exerciciol

B Basin Model Manager

Current hasin models

Components | Computs | Results

Project

Name: Exerciciol
Description:

D55 File: |C:\Documents and Settings\Manuela Portela|My |
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Criar o modelo de bacia — create the basin model

0 &

|) Exerciciol

&

Components | Compute | Results

A Qg E P

Current basin models

File Edt View Components Parameters Compube Results

Description @

B Create A New Basin Model

Mame | Modelo de bacia |

Project

Description:

MName: Exerciciol

(=
D35 File: |Z:\Documents and SettingsifManuela Porkelaify |
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Criar o modelo de bacia — create the basin model

IMS

File Edit wiew Components Parameters Compute Results Tools Help

D A&k & B FeTL N

(9 Exerciciol
=13 Basin Models
* £A) Exerciciol

Estrutura de diretorias / Folders

Components | Compute | Results

Projsct

Name: Exerciciol

Description: E

D55 File: | CriDocuments and SettingsiManusla Portelaifly |
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File Edit

Wigw

() Exerciciol

7z}

=7 Basin Models

Components | Compute | Results

Components  Parameters  Compute

DS EHS|r & Qs =

(Duplo “click” — aparece o ecra da
direita e 0 menu de modelos e
parametros em baixo) Double
click to "activate” the
menu for the models and
parameters

Resulks

Help

Criar o modelo de bacia — create the basin model

asin Model [Modelo de bacia]

L&) Basin Model

Name:
Descripkion:
Grid Cell File:
Lacal Flow:
Flow Ratios:
Replace Missing:
Unit System:

Modelo de bacia

Mo
Mo
Mo
Metric

Lo S

377




Componentes do modelo de bacia — basin model components

B ___
B3 HEC-HMS

File Edit Yiew Components Parameters Compute Resulks Tools He
O E S v & a fd = P Pl
|2 Exerciciol

EIE} Basin Models |7

Fle ok Wew Components  Parameters Compute Resuts ook Hep
O ES * Qg =Py Py »BEET R

(239 Exercicial

2 Basin Model [Modelo de bacia]

(Selecionar a componente e clicar em
cima da area de desenho, atribuir um
nome a componente e selecionar

criar) Select each component of

the system; click in the

“drawing” area and name the
component

&8 Basin Madel |

Create A New Subbasin Element

I
B

Name: Modelo de bacia
Deseription: =
Grid Cel File
Local Flowi [Ho

Flow Ratios: Mo

DECIVIL Replace Missing: |No
. VT VRAL Chome s Unit System: |Mstric

LIEI R ES

Componentes do modelo de bacia — basin model components

File Edit VYiew Components Parameters Compute  Results  Tool
D =& & & Q@b = PP

| Exercidial
=1+ Basin Models
¥l odela de batia

Components | Compute Il Resultg:

£A) Basin Modsl ‘

|

Name: Modelo de bacia

= Help
Ei%BEEe

2 Basin Model [Modelo de bacia]

l%'ﬁ" Bacia de mantante

®

[~

|

Description:

&)

Grid Cell File:

Local Flow: | Mo

Flows Ratios: | Mo

Replace Missing: | Mo

<ex|x
|

Unit System: | Metric

<

n ._ Componentes do modelo de bacia — basin model components
Possible components /| componentes possiveis

] e Subbasins (sub bacias) - contains data for subbasins
S sesn  (losses, UH transform, and baseflow)

* Reaches (trechos)- connects elements together and
s contains flood routing data

ALY

* Reservoirs (reservatorios) - stores runoff and releases
z=awi  runoff at a specified rate (storage-discharge relation)

>

A
L¥l ,WB * Junctions (junc¢oes) - connection point between elements
=

_g * Sinks (depressoes) — singular point with an inflow and
kS without outflow (inflow accumulation point)

T O

"4

Sources (exsurgéncias) — singular point with only

outflow and no inflow

., O Diversions (ramificacoes) - diverts a specified amount

'F" sen  Of runoff to an element based on a rating curve - used
for detention storage elements or overflows

WLw.ronera (2u1vicuzy) - 380

" —
For each component, identify the
applicable  models and their

parameters and respective values
(Nas sucessivas tabelas que aparecem em

baixo, a esquerda, introduzir, componente a [ —
componente, as carateristicas da
componente e os parametros dos modelos
aplicaveis a mesma) -
K\ S 5bbash| Loss | Trarafom | Beseflo | Octirs, A
Components | Compute || Resulks ey e P
— Descrption: B Cipccuments i setticeigachun 15 g0 mimpacta manls
Cowrtresn - Pertelsipocambicue |Fxereool|Exerisiol o time 125612010, 16:32654.
l%:'-b Subbasin | Lass Transfg/ %DW Options e e =
P Torsam et ook ok v g a
Basin Name: Mudelél?ﬁéa
Element Mame: Bacia de montante
Description: | | @
Dowenstrearn: !E'
*area (KM2) | |
Loss Method: | Initial and Constant v
Transform Method: | Clark Unit Hydrograph w
Baseflow Method: | Recession v
M.M.Portela (2019/2020) ---— 381




] Corponents |Com|:|ute Results

@»SUbbESin|Loss Transform | Baseflow | Options

Basin Mame: Modelo de bacia
Element Mame: Bacia de montante

Description: | / | =
C
=]

Dovnstream: /

Rainfall losses models (modelos

/ de perdas da precipitagéo)

--Mlone-- #
Deficit and Constant
Exponential

Green and Ampk
iaridded Deficit Constant
iaridded 35 Curve Mumber

iaridded Soil Moiskure Accounting
Initial and Constant w

“Area (KIv2) | / |

Loss Methad: |Initial and Constant & v
Transform Method: |Clark Linit Hydrograpy -
EBaseflow Methad: |Recession / >

--Mone--

Clark, Unit Hwdrograph . .

Kinematic Wave Excess ramfall-dm?ct
runoff transformation

rModClark

models (modelos de
transformacgéao de
precipitagdes efetivas em
hidrogramas de cheia
correspondentes ao
escoamento)

S5 Unit Hydrograph
aryder Unit Hydrograph
|Jser-Specified S-Graph

Baseflow models
(modelos de escoamento
de base)

Bounded Recession
onskant Monthly

inear Reservair
onlinear Boussinesg

Componentes do modelo de bacia — basin model components

Each model to be applied must be identified and the

values of its parameters specified (tem de se selecionar os
modelos apliciveis e para cada modelo introduzir os respetivos parametros)

] 1

Cumpanentsﬁ rli"-lte ‘ rLI“:S ‘ ‘

L%+5Ut'b~35“'l|Lnss Traéfgrm Baseflow | Options

Basin Name: Modelo de bacia
Element Name: Bacia de montante

Descripkion: | | E
Diownstrean: ,!E'
*Area (KMZ) | |
Loss Method: | Initial and Constant “
Transfarm Method: | Clark Uit Hydrograph w
Baseflow Method: | Recession “

DECIVIL
VA 383

25 Subbasin | Transform | Cptions

Sem perdas por se

Basin Name: Modelo de bacia
Element Name: Bacia de montante

Descripkion:

Loss Method: | B

Transform Methad: | SCS Unit Hydrograph Ev
Baseflow Method: |--Mone-- —_—

@

Dawnstrearn: -
*area (kMz2) | /|/

fornecerem logo as
precipitagdes efetivas e
sem escoamento de base

_~" In example 1, without
losses, because we
are considering
already the excess
> rainfall, and without
baseflow

HUS do SCS com um Unico

Basin Name: Modelo de bacia
Element Name: Bacia de montante

parametro: tlag=0.6 tc

Graph Type: “

SCS HUS with only one

*Lag Time (MIN) | 645

parameter: tlag=0.6 tc

M.M.Portela (2019/2020) - 384
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d) DEFINITION OF THE BASE DATE /INTRODUGAO
DOS DADOS DE BASE

Time data or hydrologic data such as rainfall or discharge
data and paired data such as rating curves, volumes storage

in the reservoir

Dados temporais (time series data manager) referentes a dados
hidrolégicos tais como precipitagdes e caudais e dados “emparelhados”
(paired data manager) respeitantes, por exemplo, a curvas de volumes
armazenados em albufeiras que intervém no amortecimento de ondas de

cheia em albufeiras

DECIVIL
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. .-_ DADOS HIDROLOGICOS / Hydrologic data — Time series data manager . .._ DADOS HIDROLOGICOS / Hydrologic data — Time series data manager

P HEC-HMS =l

File Edit Wiew Components Parameters Compute Results Tools Help
Parameters Compute  Results Tools Help D B & |T P oAb lE ST N Hea
O " Basin Model Manager J B 2 = ‘é,l » EEGS (23 Exerciciol %% Basin Model [Modelo de bacia]
| Meteorologic Model Manager | = @ Basin Madels 2 1
[ Exerciciol Control Specifications Manager 22 Basin Model [Modelo de bacia] =8 Modelo de bacs m
|59 Basin Modey 1 (#-13 Bacia de monktante
45 Modeld ETHETER =23 Time-Seties Data
é,\»@ Paired Data Manager 9@ -"yes
Grid Data Manager &1
000, 00:00 - 02Jan2000, 00:00
B Time-Series Data Manager
&* Bacia te montante
Diaka Type: |Precipitati0n Gages w
Current kime-series data
2 Components | Compute || Resules|
COpY...
[ Time-Series Gage |
Renarne. .. =
F-omponents |_Co_m|_:u_te_1I_Resu\ts! Name: Posto 1 =
- Delete Description: &= ¥
l%# S'-'hh‘ﬁsi"'| Transfarm ‘ Options | Data Source: | Manual Entry v 1] ]
- 5 : Q Create A New Precipitation Gage jlimeters hs
i Basl: :ame. :qu:‘; de ba:la 5 E = = TimelInkerval: |15 Minutes
lement Name: Bacia de montante — ~ | : : :
e — Mame fposto1 | | Latitude Degrees: Nl 70 choose the time step of the rainfall data, i.e., the
’ Latitude Minutes: [
*Lag Time (MIN) 72 Descriptior ;| = duration of each block
Latitude Seconds: ) . » . . .
o e = | [P Es_colher a glscretlzagao temporal do hietograma a introduzir ou
W = Loeas J[ conce | i —— seja, duragdo de cada bloco

« I DADOSHIDROLOGICOS / Hydlalogic data ~ Time series data manager « I

B HEC-HMS -

File Edit View Components Parameters Compute Results Tools Help
D ES x Qs PF eIy wEEE®

asin Model [Modelo de bacia]

E} Exerciciol
=3 Basin Models

e) DEFINITION OF THE METEOROLOGIC MODEL — DEFINICAO
e i | DO MODELO METEOROLOGICO

-2 Time-Serles Data
(=) Precipitation Gages
2 i

To define the initial and the The meteorologic model identifies which data should be
final computation time (introduzir

1 al computation ime considered and how the data should be combined (ex.:
ﬁfe'tzzri%?) e e IEee il 7o select table and to introduce which rain gages are going to be applied and their

l'f'# Barcia de montante

the hyetograph (seleci “table” . . .
L e weights, according to the Thiessen method)

Components | Compute || Results|

\ [ Time-Series Gage| Time window | Tatle I Eh} —
[ Time-Series Gage | Time window | Table | Graph| L. . . .
Name; Posto 1 e T T O modelo meteoroldgico identifica, de entre os dados fornecidos, os que
B | 01 )an2000 = 013an2000, 00:00 intervém no célculo e como devem ser combinados (ex.: pesos do método de
*Start Time (HH:mm) |00:00 = 01Jan2000, 02:00 76} . L, .. ~ . . s .
o T e Thiessen para célculo das precipitacdes pond.eradas nas bacias h@rog[aflcas,
“End Time (Hr:mnm) [02:00 podem-se fornecer tantos modelos meteorologicos quantas as combinagbes em

vista dos dados hidrol6gicos

DECIVIL DECIVIL
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B HEC-HMS
File Edit Yiew RSyt
N - =
) Exerciciol
-3 Basin Mods
{25 Modeld
& Bal
2 Time-Serie; Gid Data
- [23 Precipitation Gages

Basin Mnde\. Manager

Conkral Specifications Manager
Time-Series Data Manager
Paired Data Manager

Meteorologic model | modelo meteoroldgico

Results  Tools  Help
Py v EBEEE

42 Basin Model [Modelo de bacia]

Parameters  Compute

odel Manager

Manager

Meterologic Model Manager

Current meterclogic models

Copy..

l%,,Eama de rman Rename...

Delate

Compenents | Compute | Resules|

[£Y Time-Series Gage | Time Windaw | Table | Graph|

Time (ddMMMyY ey, HH:mm) ‘ Precipitation (M) ”
013anz000, 00:00 &) eate A Ne eteorolog ode v
01Janz000, 0z2;00 >
Mame :| Modelo meteorologico -~
[\acka Manuels —
Description :‘ ‘ E

Create B 3

m DECIVIL
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File  Edit

) Exerciciol

i5E]

Yiew  Components

IesES N+ esbPFer Iy vBEEEa

=] &) Basin Madels
(= &5 Modelo de bacia

B -7 Metearologic Madels

=
= &) Time-Series Data
E‘- |2 Precipitation Gages
£ F4 Posto 1
*-- g 01Jan2000, 00:00 - 011an2

Meteorologic model | modelo meteoroldgico

Parameters Compute Results Tools Help

i Basin Model [Modelo de bacia]

Bacia de montante

& Meteorology Modell Basins | Options|

Met Name: Modelo meteorologico

Basin Model 2 I Include Subbasins I

Modela de bacia

Components ‘_CEEUt_e I Resuw

@ Meteorology Mode! | Bas{s i\ Options |

Met Name: Modelo meteorologico

Description: iy EIJE} Meteorologic Models

Precipitation:

... atualiza a estrutura de diretorias

ﬁ(

Evapotranspiration: | --Mone-- & p il i
recipitation Gages
Snowmelt: | —Mone-- \ | w i‘b . P J
Unit System: |Metric N v [+ Bacia de montanke

M.M.Portela (2019/2020) ----- 391

Meteorologic model | modelo meteoroldgico

@_ Exerciciol
E| E} Basin Maodels

=] &} Tirne-Series Data

B---Bé Posta 1

File Edit Yiew Components Parameters Compute Resulks Tools Help

D @S

=5 Modelo de bacia
H #-&s Baria de montante
—./-5) Meteorologic Models
i Modelo meteorologico
Bﬁ Precipitation Gages

= E} Precipitation Gages

< [Ifg 011an2000, 000 - 011802000, 0200

MdQ oo Pe Iy »BEHES

i#2. Basin Model [Modelo de bacia]

Gage Selections | Gage Weights |

Element Name: Bacia de montante

Gage Name

Depth Weight Time Weight

2 1| 1

... questao fundamental: pondera
precipitagcdes, mas também
hietogramas

Components | Compute/f Results |

——7 .
Gage Selections | Gage Weights |

... fundamental issue: the

3age Mame

EHement Name: Bacia de montante

program weights the
precipitations but also their
hyetographs.

] Use Gage hl

Posta 1

| rd C |

1~ !

f) DEFINITION OF THE CONTROL SPECIFICATIONS / DEFINICAO

DAS

W DECIVIL

ESPECIFICAGOES DE CONTROLO

Definicdo do intervalo de tempo de calculo e do
passo de calculo

Definition of the time interval and of
the time step

M.M.Portela (2019/2020) ---— 393




n .__ ESPECIFICAGOES DE CONTROLO / Control specifications n .__

Control Specifications Manager

File Edit View Beyay=0Es Parameters Compute  Resulks

Current contral spedifications

: D = n Basin Model Manager I q‘J %»
g Meteorologic Model Manager Mew... A 113 9
() Everddol T —— o dg) CREATING A RUN /CRIACAO DA “CORRIDA
B@ Basin Mads e ceries Data Manager ) Rename. .
. E}"_E:.d;: Paired Data Manager Delete

,:Jﬁ Metaorlnd  Grid Data Managar

1

Create A New Control Specifications

pesctton'| 1= models and data to be considered

Create Cancel

Identification of the assemble of components

Components | Compute | Resuls

Control Specifications

Name: Especifica contral Definicao do encadeado de modelos de bacia, meteorolégico e referente as

Description: =] r@ Exerciciol
5 Basin Madel
“5tart Date (ddMMMYYYY) | 01552000 15+ Basi Models
#Stark Time (HH:mm) |00:00

especificagdes de controlo a considerar no célculo (num mesmo projeto podem

"End Date (AMMIVYYY) t2fanz0n Sh=tramevwalll - atualizacao da estrutura haver diferentes modelos do anterior tipo pelo que é necessario identificar o
“End Time (HHimm) 0 ST o diretorias .
e =) 5o s moncants conjunto de modelos para o qual se pretende obter resultados).
L 40 Gage Weights B -
4 © & e The folders’ tree is

3 Tone 5 Dot always being updated
(=23 Precipitation Gages
= Posto 1
- - 01Jan2000, 00:00 - 0L1an2000, 02:00

DECIVIL DECIVIL
G M.M.Portela (2019/2020) - 394 VA M.M.Portela (2019/2020) -

CRIAR "CORRIDA" / To create 2 run « I

File Edt View Components Parameters [EEE]

D= RS [ & a

Results  Tools  Help

& create a Simulation Run [Step 1 of 4]

I3 Exerriciol Run Manager

(=423 Basin Models =
S &8 vodela de badia 1 A simulation run must have a name. You can aive it @ describtion afer i
: 184 Baria de monkante » 55 o ]

53 Meteorologic Madels
| =@ Modelo meteorologico

(T I —
[EY Precipitation Gages ercitiod|

(=124 Bacia de montante N

Name/Next

h) RUN /EXECUCAO DO PROGRAMA

S To coni h d click Next
=3 Precipitation Gages ‘0 continue, enter a name and click Ne;
= F&Posta 1
*.-[[fg 011an2000, 00:00 - 011an2000, 02:00
- <Back Nex >

Asimulaton n includes 3 basin madel, Select one from the st below. Selegéo da “Corrlda" para a qual quer obter resultados e

Name. Description

Sequential execugao do programa
procedures
Selected basin model "Modelo de bacia®. A simulation runincludej | ¢ »

meteorologic model. Select one from the list below,

Selection of the run for which we want to get
— | | Coame ] the results (there may be several runs
e composed upon different basin / meteorologic /

control specifications models)

= Back | Hexs I Caneel Choose/Next

< 3

Select a control ealigkc Einish | m

DECIVIL
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B HEC-HMS
File Edit

View Components Parameters Results  Tools

DSBS [x &

() Exerciciol
(=13 Biasin Madsls

Help
Create Simulation Run

amEmES

Exerriciol

Run Manager

sin Mode: Modelo de bacia] Current .

“CORRIDA” DO PROGRAMA/ Run

= £5 Madela de bacia Creats Optimization Trial
(S5 Bacia de montante »
=) Meteorologic Models
(=@ Modelo meteorologica
[ Precipitation Gages Create Analysis
ks Bacia de montante N
* 9 Gage Weights
=+ Cantrol Specifications

Trial Manager

Analysis Manager

5 Check Paramsters
- Time-Series Data
(=23 Precipitation Gages
=y Posto 1
- [ 0132n2000, 00:00 - 01202000, 02:00

Compute Run [Exerciciol] L%-’ Bacia de montante

Components ‘CDmPUtE Results

165} Control Speciications B HEC-HMS 4.0

Name: Especifica control
Description:
*Start Dake (ddMMITYY Y)Y

013302000 (3 Exereiciol
=1 Basin Modsls
Start Time (HH:mm) |00:00 {30 ot e i
*End Dake (ddMMIY 1Y) | 02232000 & Baria de montante

“End Tirme (HHimn) [00:00 =23 Meteordlogic Models

= &> Modelo meteorclogico
[ Precipitation Gages
Bacia de montante

Fle Edt Visw Components Parameters Computs Resuks Tools Help

DEES [ *aasaFePy nBEE®

Run

# Basin Model [Modelo de bacia]

@ DECIVIL

M.M.Portela (2019/2020) - 398

i) RESULTS /VISUALIZACAO DE RESULTADOS

W DECIVIL

M.M.Portela (2019/2020) -~ 399

File Edit Parameters Compute Results Tools Help

DS EHS [F Qb TP Y BEH

Yiew Components

(] Exerciciol ¥ Basin Model [Modelo de bacia] Current ...

=) Basin Models
=4 Modelo de bacia

=+ Meteoralogic Models
EH;S’ Madelo meteorologica
ﬁ% Precipitation Gages
Bacia de maontante
i -0 Gage Weights
=1 {23 Control Specifications
I'gl Especifica contral
é (f} Time-Series Data
é Lf) Precipitation Gages
] ﬁﬁ Posta 1
E 01Jan2000, 00:00 - 01Jan2000, 02:00

l%'l'i Bacia de montante

Edit

Companents ‘__CDIT!EUtE RESU“_S_:

14 Subbasin | Transform | Options |

Connect Downsktream
Basin Name: Modelo de bacia

Element Name: Bacia de montante ut Element

Descripkion: |

Copy Element

Downstream:
*area (KM2) 100

Loss Method: | --None--

Transform Method: | SC5 Uit Hydrograph

Delete Element

Easeflow Method: | --None--

Graph
Surnmary Table

Time-5eries Table

Botao do lado
direito do rato

Right click

- 400

VISUALIZAGAO DOS RESULTADOS/ 7o see the results

Subbasin "Bacia de montante" Results for Run "Exerciciol”
Z 0
=
= 6
f=
2 2 — e -
a <a| Time-Series Results for Subbasin "Bacia de montante’
18
Project: Exerciciol
Simulation Run: Exerciciol  Subbasin: Bacia de montante
a T Start of Run:  01Jan2000, 00:00 Basin Model: Modelo de bacia
= 1 20 T End of Run:  02Jan2000, 00:00 Meteoralogic Model:  Modelo metearalogica
g i Compute Time: 12582010, 19:33:01 Contral Specifications: Especifica contral
; 60 - Date Tirne: Precip Loss | Excess |Direc... | Base... | Total...
o 0 i (MM | (MM | CMMD | (M3S) | (M3JS) | (M3(S)
[ ! T T T T W otdnzooo [oo:o0 000 | 000 | 000 | A
0000 06:00 1200 18:00 000 ouazooo  [on:30 | 15,000 | 0.000 | 15,000 | 0,48 | 0.00 | 0% |
01322000 [01:00 [ 19.000 [ 0.000 [19.000 | 146 | 0.00 [ 1.48
| 01.Jan2000 01Janz000 000 | 542
Legend {Compute Time: 1252010, 19:33:01) 01Janz000 0,00 | 652
- . I 01JanZ000 0,00 | 1046
mmmmm Run:Exerciciol Bement:BACA DE MONTANTE Result:Precipitatg 1 Janzoon o.00 1536
— Fun:EXERC K01 ElemantBAC 1 DE MONTANTE Rasul:Pracilalian Loss 01Janzo0 oo0 | zoon |
— Run:EXERCICION Bement:BACIA DE MONTANTE Result:Outflof| |01JanZ000 000 | 27.28
01Janza00 0.00 | 34.34
— —— Fun:EXERCICID! Bement:BACIA DEMONTANTE Result:Basefll - -mrr ot [
01Janz000 0.00 | 51,71
01Janz000 0.00 | 61,95
Resultados (sob a forma de graficos 01 Jan2000 0.00 | 73.28
2 rad 013an2000 0.00 | 84.71
ou de tabelas exportaveis para o =
01Janz000 0.00 [ o614
EXCG') 01Janz000 0.00 | 106,67
. . 01Janza00 0.00 |115.92
Results in the form of pictures or of table 01Janz000 000 123,97 |
W) directly exportable to the Excel)




VISUALIZAGAO DOS RESULTADOS/ 70 see the results

Flaes M&5]

0000 186,00
/ T
100- v 2 a0 18471

P € 16000 10345 £
4,000 192,18 @
1200 10t

i 10,000 17884

Flow MS)

o 1200 o 1200 o
10pr 2006 11402005

" HEL ALLR LB B ALSUF IEA R S P A —

DECIVIL
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Transfor

W Thresheld Type: | Ratio To Peak -

8l those models. THE PROGRAM SHOULD NEVER BE USED

Spilways:

Dam Tops:
Initial Discharge (M3/5) -

Pumps:
Recession Constant:

Dam Break: Mo

Dam Seepane: |No
Ruatin: 3 I @ 0)

-.__

Aplique o programa HEC-HMS a andlise de cheias numa bacia hidrografica com a
area de 100 km? e com o tempo de concentragdo de 2 h para o qual a intensidade
média da precipitacdo efetiva de projeto com o periodo de retorno de 50 anos é de
38 mm/h. Considere a aplicagcdo do HUS do SCS.

Cerca de 9 km a jusante da secgéo de referéncia da bacia hidrografica do Exemplo 1
o curso de agua recebe um afluente a que corresponde a area da bacia hidrografica
de 35 km? e o tempo de concentragcdo de 1 h. A bacia hidrogréafica intermédia é
desprezavel.

Considerando que a velocidade média de propagacgao do hidrograma de cheia no
trecho de rio é de cerca de 0.5 m/s e que a intensidade média da precipitagao efetiva
de projeto antes indicada também se aplica a bacia hidrografica do afluente,
determine o hidrograma de cheia na secgao de confluéncia do curso de agua com
esse afluente. Apliqgue o HUS do SCS e o modelo do tempo de lag na propagagao.

oECIVIL
G VTR M.M.Portela (2019/2020) - 404

Example 2

Apply the HEC-HMS program to characterize the flood in a catchment with100 km?
and a time of concentration of 2 h. The average intensity of excess rainfall with 50-
years return period is 38 mm / h. Use the SCS HUS.

9 km downstream, there is a tributary with a catchment area of 35 km? and the
concentration time of 1 h. The intermediate catchment area is negligible.

Considering that the design rainfall also applies to the catchment of the tributary and
that the flood hydrograph propagates along the main river with an average velocity
0.5 m/s and, compute the flood hydrograph at the confluence. Use the SCS HUS in
the catchment of the tributary and lag time model for flood routing along the main
river.

DECIVIL
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EA HEC HMS

GIEN Edit vwiew Components Parameters Compute Results Tools  Help

Mew. .. Chrl+M — 3
QA de b B F RPN EE S
Open... Chrl+0
»
13
Exit
Exerciciol
DECIVIL
@ e ¢ : ¢ M.M.Portela (2019/2020)
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@ DECIVIL

P B8 HEC-HMS -

File Edit Yiew Components Parameters Compute Resulbs Tools Help
DS "¢ QédseEPFPr I8 vEBEENE

"_‘) ExercicioZ | = Basin Model [Modelo de bacia]
| =123 Basin Madels
| =8 Madelo de bacia
E é,‘. Baci
2 Afluente

iy qﬂ Conflugncia
Meteoralogic Models
&2 Modelo meteorologico
Control Specifications [+
@l Especifica contral L:"I*Aﬂueme
Time-Seties Data

) Precipitation Gages
= E Posta L

- [f 013an2000, 00:00 - 01 Jan200(

Bacia de montante

En

v

= Trecha de ria

%J Canfluencia

Criar uma nova sub bacia e o trecho

»

e a confluéncia

Erciciol” in directory "C:\Documents and
Bla PortelalMocambiguelAulas

0, 09:47:39,

time 135etz010, 09:47:54.
de bacia" at time 135et2010, 09:47:57,

To create a new sub basin, a river
reach and a confluence

Downstream 407

-.__

B HEC-HMS =13

File Edit View Coggooen Parameters Compute Results Tools  Help
D= R 3 APy 6EEHES

|5 Exercicioz ll 7 Basin Model [Modelo de bacia]
(=42} Basin Models

= [a Modelo de bacia
R CE - cia cle montante

@ 5 Trecha de rio Bacia de mantante
(#1153 Afluente
L€ Confluencia &
Meteoralogic Models £ it
&2 Modelo meteorologico b
Control Specifications connect Donnstresm L%_,Aﬂuenle

Especifica control
Time-5eries Data
(=) Precipitation Gages
BBy Posto 1
% 011an2000, 00:00 - 01Jan200i0

Cut Element
Copy Element

Dielete Element

S connuencia

To create the “connections” between elements

Criar as ligacbes/conexdes entre elementos (com o elemento selecionado, com o
botéo do rato do lado direito selecionar connect downstream “clicando” depois sobre o
elemento de jusante; no caso do trecho de rio basta arrastar a extremidade de jusante
até a confluéncia)

w DECIVIL Element Name: Bacia de montante Bacia de montante, Trecho de rio, Afluente, Confluencia
Lescrinkion:

408

E HEC-HMS

Fle Edit ‘iew C ts Parameters © e
'e Ot View tomponents Farameters of Para os novos elementos indicam-se

02 E 3 |T e QNN Bl os carateristicas, os modelos a aplicar

3 Exercicioz 3 e 0s respetivos parametros

EI_;' Basin Madels
=4 Modelo de badia
Elé,. Bacia de montante
Mo Loss
[5) 5C5 Unit Hydrograph

Specify the models and the
parameters that should be
applied to the diferente

: Mo Baseflow elements
[=-A Trecho de rio

Na bacia hidrografica do afluente:
area da bacia hidrografica — 35 km?;
sem perdas de precipitacao;
modelo do HUS do SCS para
tlag=0.6 tc = 36 min.

No trecho de rio — propagagéo com

Mo Baseflow
'q:l Confluencia
=) Metearalogic Madels

P b ;@? Maodela metearalogico
=3 Cantral Specifications w

base no modelo do tempo de lag
para t=9000/0.5/60=300 min.

Components | Compute | Results

24 Subbasin | Transform | Options
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File Edit Wew Components Parameters

D E &S (&

| =3 Exercicioz
=29 Basin Models

-8 Modelo de bacia

E| @ Meteorologic Models

i g Modelo meteorologico

=

Compute Results  Tools  Hel

bl P B P

Especifica control
El E} Time-Seties Data
E} E} Precipitation Gages
= Bé Posto 1
+--[[fg 013an2000, 00:00 - 01]an2000, 02:00

- Pasta 2

Components | Compute Il Results |

El @ Control Specifications Bacia de mo

Trecho de rio

[ Time-Series Gage | Time Window | Tabld Companents | Compute || Results

Description:

Data Source: | Manual Entry *Skart Date (ddMMMYYYY)

Units: | Incremental Millimeter
#*Start Time (HH:mm})

Time Interval: |1 Hour

*End Date (ddMMMYYTY)

Latitude Degrees:
*End Time (HH:mm})

Latitude Minutes:

= Confluencia
1 Name: Posto 2 (B Time-Series GaJe Tirne: Window lﬁb\e Graph

Name: Posto 2

0

File Edit Wiew <Components FParameters Compute Results Tools Help
EEHS | b s

E} Exercicioz
=) Basin Madels

F-4&) Modelo de bada

=9 Meteorologic Models

% Modelo meteorlogicn

&P EINDEN-Y
% Basin Model [Modelo de bacia]

=43 Contral Specifications
rg' Especifica cantral
=4 Time-Series Data
é E} Precipitation Gages

Components | Comput:

! Companents |Cumputs Resuls

Dﬁ Time-Series Gage | Time Windo

Bﬁ Precipitation Gages
1S Afluerie

6|

El l_# Bacia de montante
Lo Gags Weights

= [f Posto 1
Pt 01Janz000, 00:00 - 01Jan2000, 02:00
- F Posta 2

E 01Janz000, 00:00 - 01Jan2000, 01:00

Results|

Trecho de rio

B Confluencia

Tirne (ddMMMYY Y, HH:mm])

011an2000, 00:00

Latitude Seconds:

Longitude Degrees:

Longitude Minutes:

€

Longitude Seconds:

011an2000, 01:00

Atualizar o modelo

meteorolégico com a
informacao relativa ao calculo
de precipitagdes na bacia
hidrogréafica do afluente

Update the meteorologic
model by specifiying the
conditions applicable to
the tributary

Goge Slecoons [[iag Gage Selections | Gage Weights|| n
ement Mame: Afluente < Element Mame: Afluente <
S0gans EesiGa0s | Depth YWeight Time Weight

= : —

-._

The control specifications can be the same as for example 1. The

same applies to the run

After running the program, the results can be seen

8 Graph for Reach “Trecho e 36~

 Graph for Junction "Canflusneis™

Junction *Confluencia” Results for Run “Com afluente”

Flow (M3/S)
£
2

| 01Jan2000
Legere (Conte T MSSE2010, 0756:54)
—— Run COM AFLUENTE Element TRECHO DE RIC Result Outflow

~ == Run COM AFLUENTE Element TRECHO DE RIO Resut Combined Inflosy

Flow (M3(5)
a
2

o . e— — v T
0000 0300 0600 0800 1200 1500 18:00 2100 000
|

g
=

g

[\
100
f\ { \

0000 0300 0G00  0Q00 1200 1500
014an2000
Logen{Curpute Tme: L450k2010, 07:36:54)
Feun:COM AFLUENTE Element CONFLUENCIA Result Outflon
=~ Run:COM AFLUENTE Element TRECHO DE RIO Result Sutilow
+-++ Run:COM AFLUENTE Element AFLEUMTE Resut Outfiow

River reach upstream and

downstream

The confluence

Exercicio 2 mas considerando que a precipitacao na bacia hidrografica
do afluente se inicia de modo a sobrepor os caudais de ponta de cheia

da bacia principal e do afluente.

Repeat Problem 2 but aiming at superimposing the peak flood discharges at

both catchments.
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1 Graph for Subbasin “Afleunte" E ] T e — ]
— Junction “Confluencia® Results for Run “Com afluente*

- 2: o ‘,""‘ "‘al By modifying the design rainfall
= \ e R g
= lii I hyetograph, by defining initial blocks with
. flocursodesLadihento I 0 rainfall, until the peaks of the flood
i \ .
200 7 In the tributary P hydrographs are superimposed
250 I“ / L
E 150 ‘| w‘:l.w-m O™ = Graph Tor Junction “Confluencia®
E B ," i:: Ei:it.‘iﬂiii Junction "Confluencia" Results for Run "Com afluente”
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= ] 5
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Na confluéncia / At the confluence ! o ! e T T TR
(Compute Time: 145et2010, 07:47:06)
—— Run'COM AFLUENTE Element CONFLUENCIA Result: Dutflow Run:COM AFLUENTE Element: CONFLUENCIA Result:Outflow

——— Run:COM AFLUENTE Element TRECHO DE RIO Result Outflaw ——— Run:COM AFLUENTE Element TRECHO DE RIO Resuilt Outflow
m DECIVIL

"""" Run:COM AFLUENTE Element AFLEUNTE Result Cutflow m | ------ Run:COM AFLUENTE Element: AFLEUNTE Result Quiflow
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o 5th practical task

o [nflow —¢-

Attenuation of peak

NPA )
Outflow

C

Lag of time
10 peak

APPLICATION TO FLOOD ROUTING AND
CONTROL IN ARTIFICIAL RESERVOIRS
CREATED BY DAMS

APLICACAO AO AMORTECIMENTO DE ONDAS
DE CHEIA EM ALBUFEIRAS

v" Uncontrolled (without gates) broad-crested spillway (rating curve)

P Q=CL.2gH'"®

DECIVIL
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Maximum flood level
(nivel de maxima cheia)

v

Full supply level (nivel deg
pleno armazenamento)

Capacity

Crest level
v

exclusively for
flood control

Capacity for other
uses: water supply;
energy production

5t practical task

m DECIVIL

\NEAYA
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Stored
waler
4 volume

=1 ma )

B nflow

g

SoQm

gl

-

=

a ;

7 >

Time, hour

A flood pool with an uncontrolled
spillway stores water as it is
released according to the weir
flow equation. The hydrograph is

delayed and attenuated. The
outflow hydrograph depends on
the area of the reservoir and the
length of the spillway.
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Y In the "paired data manager®”,
definition of the curve of the
stored volumes in the reservoirs
as a function of the elevation: a)
selection of 'elevation-storage-

functions” - create; b) in the

"paired data" icon that appears in

the directory tree, introduction of

points of the curve

% No “paired data manager’ introducao
dos dados referentes a curva de
volumes armazenados: a) selecdo de

“elevation-storage-functions” - create; b)

no icone de “paired data” que surge na

estrutura de diretorias do lado
esquerdo, introducdo dos dados da

curva.

W DECIVIL

File Edit Wiew Components Parameters Compute Results Tools Help

| = Exerciciod

(=73 Basin Models

. B-gHBarial

; [#]-S Bacia de montante
(-5 Trecha de rio
S5 Afleunte
| Albufeira

[#-{.3) Meteorologic Modsls

+ {C3) Control Specifications

[#-1_7) Time-Series Data

(=13 Paired Data

= b Elevation-Starage Functions

Lez 25 armazenados

DA K da a0 FerPiiw

COmponents | Compute || Rssults‘

| |z paired Data‘ Table ‘ Graph|

Elervation (M) Storage {1000 M3)
160.0 24.0
170.0 110.0
180.0 500.0
190.0 1300.0
191.0 1500.0
193.0 1820.0
194.0 2080.0
195.0 2400.0
196.0 2620.0
197.0 2510,0
2000 3500.0
205.0 4900.0

% Introduction of data for flood
routing based on the options
that appear when the icon
that represents the reservoir
is selected (introdugéo dos dados
referentes ao amortecimento de
cheias através das opgdes a que se
acede quando se seleciona o icone

representativo da albufeira):

1) Method — Outflow structu-
res.

2) Storage method: Elevation-
-storage.

3) Elev-Stor-function: curve
with the stored volumes as
a function of the elevation.

4) Initial condition: Elevation.
5) Initial elevation:
6) Spillways:

File Edit View Components Parameters Compute Results Tools Help

D E S [ & A= PPN
i mhepes manial

-S4 Bacia de montants
+ Trecha de rio
Afleurte D

15 Spillways

|3

|&

Camponents | Compute || Results|

|==| Reservoir | Optinnsl

Basin Name: Bacial
Element Mame: Albufeira

Description: |

(R

Downstream:  --Fone-—-

Method: | Outflow Structures —s1

Storage Method: |Elewation-Starage ——2

*Elev-Stor Function: | Curva volumes armazenardns —==3

Initial Condition: |Elevation ——————=/]

*Initial Elevation (M) | 130 -5

®

£ 808«

Main Tailwater: | Assume Mone

4

Auxiliary:  —Hone-—

Time Step Method: | Automatic
Outlets:

7

Spillways:

Damn Tops:

olao|=|a

RS ST R ERY (RS

Pumps:

Dam Break: | Mo

Dam Seepage: |No

Release: | Mo

Evaporation: | Mo
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L Introduction of

1)

the data
related to the surface spillway
based on the options that
appear when the icon that
represents the spillway is
selected (introdugdo dos dados
referentes ao descarregador de
superficie através das opcdes a que
se acede quando se seleciona o
icone spillway)

Method: Broad-Crested
Spillway.

2) Elevation (M):
3) Lenght:
4) Coefficient:

@ DECIVIL

=]

File Edit Wiew Components Parameters Compute Results Tools Help

| =3 Exerricind

£
[#-C7) Contral Specifications
£

[=-{) Paired Data

Components |C0mpute Results

DZES | Qb PPy N

{2} Basin Models
E‘&D Barial
414 Bacia de montants
1A+ Trecha de rio
2 Afleunte
=)-|am] Albufeira
E}L’f} Spillveays
Spillvay 1
-{7) Meteoralogic Models

{&m

|7 Time-Series Data

E‘Lf) Elevation-Starage Functions
e Curva volumes armazenados

=] Raservoir| Spillway 1 | Options

Element Name: Albufeira

Basin Mame: Bacial

Method: | Broad-Crested Spillvay 4’1 o
Direction: | Main v
*Elevation (M) | 150 2
*Lgngth (M) 30 3
*Coefficient: | 0,45 -4
Gates: ofs

Flows (M2/S)

-191,33

m 183,00

Flood routing results

T T T I I I I
00:00 0300 06:00 09:00 1200 1500 1500 21:00 00:00

01Janz2000

Eley (M)

Fle Edt View Components Parameters Compite Results Took Help

Pl féecevwESFer Py xBEES

]
o ChanelLoss

{5 Metearologic Modsls

& 3tcunfome

38 3t variavel

2 tcunforme

&2 tevariavel
{3 Control Specifcations

2000, 00:00 - 01122000, 18:00
2000, 00:00 - 02302000, 12:00

2000, 00:00 - 01122000, 18:00
2000, 00:00 - 02122000, 12:00

2000, 00:00 - 01122000, 06:00
2000, 00:00 - 02Ja2000, 12:00
ol

2000, 00:00 - 01122000, 06:00
2000, 00:00 - 02Ja2000, 12:00

USING THE PROGRAM
TO OPTIMIZE THE
PARAMETERS
(OPTIMIZATION MODE)

UTILIZACAO PARA
OTIMIZACAO

Description:

Downztrean:

<=l

Intil Condition: |Elevation

m DECIVIL

Collect

rainfall/ |7y gelect
runoff data starting
estimate
| v
> mprove {
estimate \ Simulate
runoff
[ No
Compare
L. computed [¢
&
ohserved

Yes uk'W—— —_

Flgure 32.

Schematic of calibration procedure.
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. fundamental ...
Equacionar bem o problema, designadamente, introduzir corretamente os
dados que determinam a otimizacdo — meta a atingir (por exemplo caudais

observados). E necessario criar uma “corrida” antecedente que possibilite

os elementos de partida para a otimizacao.

>Criar a “olimizagéo” Criterion Equation !

> Selecionar a funcao \
Sum of absolute errors 7= i |40 () -qs (i)‘

objetivo (o intervalo de S i

otimizacdo em de ser menor ou  Sumof squared residuals R 12

¢ (Diskin and Simon, 1977) z _f[‘]o(’)—‘ls(’)]
igual a duragdo da cheia).
. A : 10095 (Peak) — go (peak)

> Selecionar os pardmetros —Perceutemorin peak 2O ea)

a otimizar Peak-weighted root mean (i) + g (mean) A
square error objective z (g0()-as o) 90\1) + gomean)
function (USACE, 1998) VQ =1 2q(mean)

1z= objective function; NQ = number of computed hydrograph ordinates: go(f) =
observed flows; gs(f) = calculated flows, computed with a selected set of model

n
___
... fundamental ...

a previous complete understanding of the problem to be analyzed, namely,
in what concerns the correct identification of the required data according
to the parameters we want to optimized, i.e., with the optimization target. It
is always necessary to run previously the model in the simulation mode in
order to provide an initial solution for the optimization procedure.

Criterion Equation !

> Selectin of the “optimi-

No
i 7 Sum of absolute errors
zation” mode (Stephenson. 1979) ; |q0(1) e (')l

» Selection of the objective

Sum of squared residuals z= f[ i)- (i)] 2
function (the optimization (iskinand Simon, 1977) &0t s

interval can be smaller than g5 (peak) — g (peak)

qo(peak)

Percent error in peak Z =100
the duration of the flood

Peak-weighted root mean § A
hydrOgraph) square error objective i (‘Io ()-qs (')) 90 (i) + go (mean)
function (USACE, 1998) VQ 2q,(mean)

> Selection of parameters t0 —— ,
Z = objective function; NQ = number of computed hydrograph ordinates; go(f) =

observed flows; gs(r) = calculated flows, computed with a selected set of model

Eﬁlﬁﬁ&‘{,ﬁm Sipes ol S et Sons minioest be Op timized pamine‘;ersed qo(apfak) = observed peak: go(imean) = mean of observed flows; and gs(peak)
DECIVIL DECIVIL = calculat pe:
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Criterion Equation !
T T
- N qo (1) + qgo(mean) >| a—
Sum of absolute errors N N : 2q,(mean) ——  Weighting factor
(Stephenson. 1979) 4 Z, |‘Io ()—qgs (’)| / \ o thagt “for?:es” a
// \\ better adjustment
. i 3 in the higher
Sum of squared residuals _ i N 12 \ .
(Diskin and Simon, 1977) Z= _ [qo (0)-qs (’)] / \ 9o (mean) dlscharggs
- (because a higher
g () +qp(mean) weight in assigned
Percent error in peak Z=100/%% (peak) = 4o (peak) // . 2 (r:ean) \\ to them in the FO)
q0(peak) 10 , ~
@ 5 10 1% 20 9%
Peak-weighted root mean NO . Peak-weighted root mean No N4
square error objective - 2 (g0 —qs (,)) 90 (1) + g (mean) square error objective 7= 1 2 (go()—qs (i))z q0(i) + qo(mean)
function (USACE, 1998) NQ 2q,(mean) function (USACE, 1998) No|= 2q,(mean)

! Z = objective function; NQ = number of computed hydrograph ordinates; go(r) =
observed flows; gs(f) = calculated flows, computed with a selected set of model
parameters: go(peak) = observed peak: go(imean) = mean of observed flows; and gs(peak)
= calculated peak

! Z = objective function; NQ = number of computed hydrograph ordinates; go(7) =
observed flows; gs(f) = calculated flows, computed with a selected set of model
parameters: go(peak) = observed peak; go(imean) = mean of observed flows; and gs(peak)
= calculated peak
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Create and Compute an (8] 7 1L N T

Madel involves adjusting parameter values so that the simulated results match the observed stream flow as closely as
possible. Two different search algorithms are provided that move from the initial parameter value to the final best value. A variety of
objective functions are provided to measure the goodness of fit between the simulated and observed stream flow in different ways.
While model m does not produce perfect results, it can be a valuable aid.

Before an can be created, a simulation run using a basin model with observed flow must exist. An
is created by selecting the Compute = Create [0y (FEGNITE] menu option. A wizard steps the user through the
process of creating an [ . First, a name must be enterad, then an existing simulation run must be selected, and
finally a hydrologic element containing observed flow must be selected. The new MUlWFEITWRUE] is added to the “Compute” tab of
the Watershed Explorer (Figure A1). Notice the is added under the @ nFEODBNELE folder. Select the mlu
open the Component Editor (Figure A1). In the Component Editor, the user can enter a *Description”, change the simulation run
used by the m and select the search method used to find parameter values. Also, the user has the option
of changing the tolerance and the number of iterations to control when the search for parameter values ends.

Click the plus sign next to the name to expand the Watershed Explorer. Select the Objective Function node in
the Watershed Explorerto add a new tab to the Component Edifor (Figure A2). On this editor the user can select the objective
function from the “Method” drop-down list and change the location used for comparing observed and simulated hydrographs. In
addition, start and end dates and times can be edited.

An %res hydrologic element parameters. To add a parameter, click the right mouse button when the mouse is
on top of the [ trial's name in the Watershed Explorer and select Add Parameter (Figure A3). A new sub-node is
added to the Watershed Explorer with the name Parameter 1. Figure A4 shows the editor for this new sub-nede. In this editor the
user selects the hydrologic element and a parameter for that element. This parameter is adjusted automatically during the

in an attempt to find a value which minimizes the difference between simulated and observed hydrographs. The
user has the option to select a different initial value for the parameter, enter minimum and maximum value constraints, and select
whether the parameter is locked during the m More than one parameter can be added to an [T Rar].

An can be computed from the Compute menu or from the Watershed Explorer. Results for an
are available from the “Results” tab of the Watershed Explorer and from the basin model map. Click the plus sign next to the
[T REIIE folder to expand the Watershed Explorer, “Results™ tab. Select the m and the Watershed
Explorer will expand to show all results available for the ﬁ

oECIVIL
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Simulation Runs

38 Run 1

3 Run 2
Optimization Trials |2 Castro Valley
- I Trial L Simulation Runs

Opt\mlza_t\on Trials
H Trial 1
SIE ol Compute

| Components i ol

Ry Optimization Trial

Create Copy...
Name: Trial 1 Renarme.
Description: =l |-
1 = Delete
Run [Run 1 ‘Ti £ /

anl

Method: | Nelder Mead Add Paraméter

Talerance: |0.0010

Mazx Tterations:

oo

Figure AT. Optimization tria8

Figure AZ. Add 2 parameter to an G e e

| i optimization Trial | Ohjective Function |

i Optimization Tnall Parameter 1 i

Name: Trial 1

Method: | Peak-teighted RMS Error [»] Mame: Trial 1
Location: | Outlet l"_! Element: |--hone Selscted-- ]
Missing Flow (%) 0.0 Parameter: |--hone Selected-- []

Start Date (ddMMMYYYY) 161an1973
- - Initial Yalue )
Start Time (HH:mm) | 03:00

Locked: 1o
End Date (ddMMMYYYY) 161an1973
Minirnun )
End Time (HH:mm) 12:55
Maximum {}

@ Figure A2, Objective function editor.
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Release Notes

Version 4.3
September 2018

A new "univariate" method has been added. This new method
works with only a single parameter. While the simplex method is
powerful, it requires a minimum of two parameters in order to
operate. The univariate method is now available for cases where
only one parameter needs to be estimated.

DECIVIL
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Corrida do HEC com otimizacao
1.“Montar” o modelo de simulacéo, incluindo dados EH.
2.Correr normalmente.

3.Tentar criar otimizagéo — vai ser impossivel pois o hidrograma de cheia néo foi
atribuido a bacia hidrografica (ou seja, nao foi estabelecida a ligacdo entre esse
hidrograma e a bacia), pelo que a otimizacao nao tem objetivo.

4.No modelo de bacias, nas options, atribuir a bacia o hidrograma de cheia, tendo
obviamente previamente introduzido os dados (time series data manager).

5.Criar uma corrida de otimizacgao, atribuindo-lhe um nome.
6.Aceder ao ecra de otimizagédo: selecionar separador compute.
7.Selecionar otimizacéo trial.

8.Selecionar a corrida de otimizacéo antes criada (passo 5).

9.Escolher o modelo da funcio objetivo (normalmente, peak weighted RMS erron)
e o intervalo de otimizacao (que nao pode exceder o intervalo do hidrograma
observado; tem de haver caudais).

10.No nome da corrida com o botéo do lado direito escolher add parameter.
11.Indicar qual o(s) parameter(s).

12.Correr otimizacao.

13.Nos resultados esta tudo — valor da funcéo objetivo e dos parametros.
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UTILIZATION OF THE HEC-HMS IN THE OPTIMIZATION MODE

1. Assemble the model in the simulation mode (do not forget to provide the
observed discharge data)

2. Run the simulation mode

3. When trying, at this stage, to create an optimization run there will be an error
message because no optimization target was defined. It is necessary to assign
the observed discharge data to the watershed (optimization target)

4. In the basin model, in the options, assign the flood hydrograph to the

watershed (the flood hydrograph must have been be previously defined in the

time series data manager)

Create an optimization run and name it

In the optimization mode, select compute

Select optimization trial.

Select which of the available optimization trail you want to run (from those

created in step 5)

9. Choose the objective function model (usually peak weighted RMS error) and
the optimization interval (which can not exceed the hydrograph duration)

10.For the trial, select add parameter (right button of the mouse pad)

11.Select the parameter(s)

12.Run optimization

13.In the results everything is displayed, including the values of the objective
function and of the parameters

ONOO

Some observations about the 4t practical task

v" The duration of the blocks of the rainfall hyetographs is 2.5 h = 150 min (either for the
three-block hyetograph for tc or for the 6-block hyetograph for 2tc). Such duration
does not coincide with any of the allowed time steps of the time series.

[ES Time-Series Gage

————= 150 min

Gage Name: P_TC_Var

Description:
Data Source: Manual Entry v
Units: | Incremental Millimeters v
Time Interval: | 5 Minutes v

~=> 30 min

v' Each block must be split into the smallest possible number of sub blocks by adopting
the highest time step, from those allowed in the HEC-HMS progrm, compatible with
its original duration (e.g., for the duration of 2.5 h, 5 sub blocks each with the
duration of 0.5 h = 30 min and with 1/5 of the rainfall depth.




