CE 374 K — Hydrology

Introduction to HEC - HMS

Daene C. McKinney



Hydrologic Engineering Center

e U.S. Army Corps of Engineers (USACE)
Hydrologic Engineering Center (HEC)

— Formed 1964 to institutionalize the technical
expertise in hydrologic engineering

— L. Roy Beard founding Director (Professor
Emeritus, Dept. of Civil Engr., UT Austin)

— Development well-known family of HEC software
e HEC-1 (watershed hydrology, now HEC-HMS)

e HEC-2 (river hydraulics, now HEC-RAS)
e HEC-3 (reservoir analysis, now HEC-ResSim)



HEC-Hydrologic Modeling System (HEC-HMS)

e Simulation of runoff hydrographs resulting from
design storms and other precipitation events

* Primary function

— quantifying rainfall losses into the soil (computing rainfall
excess)

— converting excess rainfall to runoff
— routing flows

e Obtaining
— Program: http://www.hec.usace.army.mil/ -

— Data:

http://www.ce.utexas.edu/prof/mckinney/ce374k/Homew
ork/waller.zip




Start the Program

Components:
Basin Model
Meteorologic Model
Project Definition Control Specifications

Screen

Inkervideo WinDVD JEA HEC-HMS 2.2.2

¥ HMS * Project Definition M=

File Component Data View Toolz Help

Project Hame :  tiftan

Cezcription : Little River W atershed near Tifton, Georgia
Components
B azin Model b eteorologic Model Control S pecifications

Tiftan Hyetograph Jani1-Jun30 1570

Component Descrption :  ARS Waterzshed 74008 ﬂ

Click component for description; double click to edit,




Import Waller Creek Model

File/New Project

BH HMS * New Pro ject

Project : | waller

Dezcription : |Intrn:nduc:tin:-n to HMS uzing W aller Creek

Directony where project filez will be stored

C:whrmzproftamaller Browse. ..

0k, Cancel Help |

Enter a descrphion for the new project.

Copy:
Waller Ck.basin and
Hms.map

to C:\hmsproj\waller

Creates: C:\hmsproj\waller



Import Basin Model

B¥ HMS * Project Definition Component/Basin Model/Import:
Eeieoiey Import basin model file Waller_Ck.basin

Help

b . Open
P beteorologic Model — » Mewva
Control Specificationz ¥

DesEnptar | TFOOCOrT e — p ) ;
. ™ HMS * Basin Model * Import =]
Basin Model |‘-".|'aller_Gc:
Basin 1D Description Directory :
Waller_Clk  |Waller Creek in Austin, Texas C:\hmsproj\waller

optimizer

scripts

Drives :

c -]

Impart Cancel Help |




Basin Model

= HMS * Basin Model -- Waller_Ck = [ajX

SELECT: Click to select an object, drag to move the object




Basin Map

File /Basin Model Attributes
Files tab

= HMS * Basin Model * Attributes

Basin Model:  Waller_Ck

Description : |Waller Creek in Austin, Texas

Defautts | Files |L|n'rts | Options |

Map File: |C:"-hmsprcuj"-.-n'aller"-.Hms_map Browse...

Iy

Grid-cell File: | Browse...

QK Cancel




Basin Model With Map

™ HMS * Basin Model -- Waller_Ck Mi=]p3

25T

SELECT: Click to select an object, drag to move the object



Hydrologic Elements

Subbasin - Outflow calculated from precipitation by subtracting
losses, transforming excess precipitation and adding baseflow

River Reach - Inflow from other elements, Outflow computed
from flow routing methods

Reservoir - Outflow computed from storage - outflow relations
and level water surface assumption

Junction - combine flows from upstream reaches and subbasins
Diversion - Two outlets, main and diverted

Source - inflow from outside the modeled region

Sink - outflow leaving the modeled region



Basin Model Attributes
* Basin Model window

— File/Basin Model Help
Attributes

Basin Model:  Waller_Ck
m Loss Rates

Description : |‘-".|'aller Creek in Austin, Texas |

m rainfall losses absorbed
Defaults |P|Ies | Units | Cptions |

by the ground
m Transform Loss Method : |In'rtia| / Constant
®  how to convert excess Transform |M0duaﬂ(

rainfall to direct runoff

Baseflow : | Recession

m Baseflow

g SR

Channel Routing : |I"-'1usl-:ingum

=  Routing

= routing a
hydrograph through
a river reach |

QK | Cancel |




Basin Model Parameters

e Basin Model Screen
— Parameters/Loss
Rate/Initial Constant
m Enter values
m initial loss
m constant loss rate
= % imperviousness

® HMS * Basin Model * InitialiCunstan...D@@

Sot Help

Basin Madel I Waller_Ck

Subbasin Name | Initial Logs {mm) |Cn:nnstant Loss Rate | Imperviousness () J
12 ] 2 00
13 ] 2 00
14 ] 2 00
15 ] 2 00
16 ] 2 00
17 4] 2 00
18 4] 2 00

=l

oK Apply Cancel |




SCS Dimensionless Hydrograph

e SCS developed a parametric UH model based on averages
of UHs from a large number of small agricultural
watersheds in the US.

m A -— watershed area 1

m (- conversion factor for unit / \

system - / \

m T, time to peak o ] \\

m  Ar— excess precip duration

L basin lag, time between | / \

center of rainfall excess and UH 0z \\
peak T~

Given ER hyetograph and time lag, then A
solve for time of UH peak, then UH peak U,=C— T = At
T =—++



Transform Method

m Basin Model Screen % HMS * Basin Model * S¢S UH [_ [O|X]
s Parameters/Transform/ |* *°
SCS UH Basin Model 1D: Waller_Cl
Time Units : Minutes ﬂ
Subbasin Mame SCS Lag {min)

12 | 15-5"3 | J

13 321

14 &7

15 ]

16 105

17 45

18 43
=l

oK Apply Cancel |




Reach Routing Method

m Basin Model Screen

m Parameters/Reach/
Muskingum

= HMS * Basin Model * Muskingum Ro... D@@

Sot Help

Basin Model I Waller_Cl

cte | MERTE | waomx | SREE 2
7 0.9579 0.15 2
8 0.7032 0.15 2
9 0.4484 0.15 1
10 0.8583 0.15 2
11 0.5643 0.15 2
=l

oK Apply Cancel |




Meteorological Model

* Precipitation and evapotranspiration data
necessary to simulate a watershed

e Precipitation depth expected as function of return
period and the storm duration

Design Precipitation Depths for Travis County, Texas (in.)
Return Period (yr)

Duration (min) 2 5 10 25 50 100
5] 060 0.75 0.85 0.98 1.07 1.24

15 1.15 1.47 1.66 1.93 2.12 2.43

60 194 255 291 341 3.80 4.31

120 2.35 3.13 3.57 4.21 4.74 5.35

180 2.60 347 398 471 5.34 6.02

360 3.05 411 475 565 6.45 7.28

720 254  4.87 5.57 6.71 7.75 8.69

1440 | 4.06  5.67 6.52 7.94  9.26 10.39




Meteorological Model

Component/ Meteorologic Model/New

(Gl Data View Tool:  Help

Bazin Model L
Metearalogic Model Open

Control Specifications #
S e S L L B L
Comporents Irnpart

B HMS * New Meteorologic Model

ketecrologic Model : | Precip 1

Crezcription : |1E| vear design storm?

Directary where meteoralogic model will be stored
’7 C:Shmzprojawaller

k. Cancel

See Uszer's Documentation

B HMS * Meteorologic Model * Subbasin List

Edit Help
Metearalogic Model:

Add subbazing
from bazin model ;

[ Waller_Ck ~|
&dd

Subbasin

Delete Subbaszin

From Meteorologic Model

Delete J
Ok Apply Cancel |




Method: Frequency Storm

Meteorological Model

Precip 1

Sub

|1EI wear desigh storm

b ethod -

iubbagin

| User Hyetograph
Uszer Hyetograph
|zer Gage Weighting
Irverze-Distance Gage Weighting
Gridded Precipitation

Erequency Starm

=

Standard Project Starm - Eastern U5,

SC5 Hupothetical Starm
Mo Precipitation

Eil= Edit Help

BH HMS * Meteorologic Model r

Meteoralogic Model: Precip 1 Subbasin L
Dezcription: |1EI year design storm
Precipitation |
b ethod : | Frequency Storm ﬂ
Exceedance Probability : | 10% ﬂ Duration Frecip Depth
) [ir)
Seriez Tyupe |.-’-'-.nnua| j E minutes 085
. P . 15 minutes 1.66
M ax [ntenzity Duration ;| 5 Minz A
d | = 1 hour 241
Storm Duration ; | 24 Hr. ﬂ 2 hiours 167
3 hiours 393
Feal: Center : | LI j & Fenms 475
Storm Area [2q. mi.] | 123 :23:2 gg;




File

B# HMS * Project Definition

Control Specifications

Component/ Control Specifications/New

(BGY = Data Wiew  Tool:  Help
B azin Model »
Meteorologic Model  » |

Open

Components

B HMS * Control Specifications
File Help

Contral Specs 1D Cantral 1

B HMS * New Control Specifications

Cantral Specs |E|:|ntrnl 1

FEX]

D'escription ; |3 day simulation on waller Creed

C:vhmzprojawaller

’— Directary where contral specification will be stared

EEX

Cancel

Drezcription

|3 day zimulation on ' aller Creek

Starting Date ; |3a’ 25/2004

Ending Date: | 3/28/2004

OE.

]

Starting Time ; |UU:DD:DD

Ending Time ; |EIEI:EIEI:EI[:

Time Interval ;

Apply

10 Minutes j

| Cancel

Enter an ending time.




| 25hiarz004 2fikiarz004 2Thiarz004 |
3400 0GOD 1200 1800 2400 OGO0D 1200 1800 2400 OO0 1200 1800 2400

Precip (mm

Flow (ms=

04 UL LS IR L UL UL UL ML I LA L
2400 0600 1200 1200 2400 OO0 1200 1800 2400 OGOD 1200 1800 2400

| 25hiarz004 26htarz004 | 27hiarz004

HEC o Taolal Pracipilalian —— Eaaal low Bazln: Waller _CE
— g Run : Eun 1
I-]r'llls TIme ZSMAaro4+, 092 04

—

| Cloze |




