Module 9

Lecture 3: Major hydrologic models-HSPF,
HEC and MIKE



Major Hydrologic Models

% HSPF (SWM)

< HEC

< MIKE
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Hydrological Simulation Program-Fortran
(HSPF)

Commercial successor of the Stanford Watershed Model (SWM-1V)
(Johanson et al., 1984).

»Water-quality considerations

» Kinematic Wave routing

»Variable Time Steps

HSPF is a deterministic, lumped parameter, physically based, continuous
model for simulating the water quality and quantity processes that occur in

watersheds and in a river network.
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HSPF Contd...

**HSPF incorporates watershed-scale ARM (Agricultural Run-off
Management) and NPS (Non-Point Source) models into a basin-scale analysis
framework

=» fate and transport of pollutants in 1-D stream channels.

Data Requirements of HSPF:

*»Rainfall
ssInfiltration
‘»Baseflow
s Streamflow
*Soils

*Landuse

Module 9




HSPF Contd...

“*HSPF is one of the most complex hydrologic models which simulates:
»Infiltration: Philip's equation, a physically based method which uses
an hourly time step

» Streamflow: Chezy — Manning’s equation

**HSPF can simulate temporal scales ranging from minutes to days
“*Due to its flexible modular design, HSPF can model systems of varying size

and complexity;
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Potential ET, Precipitation
Temperature, Radiation
Wmnd, Dewpoint
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CEPSC :interception storage capacity (Kate Flynn, U.S. Geological Survey,

LSUR :length of the overland flow plane written commun., 2004)

SLSUR : slope of the overland flow plane
NSUR : Manning's roughness of the land surface
INTFW  :interflow inflow

INFILT  :index to the infiltration capacity of the soil
UZSN : nominal capacity of the upper-zone storage
IRC - interflow recession constant

LZSN : nominal capacity of the lower-zone storage
LZETP  :lower-zone evapotranspiration

AGWRC : basic ground-water recession rate

AGWETP : fraction of remaining potential evapotranspiration that can be satisfied from active ground-water

storage

KVARY :indication of the behavior of ground-water recession flow

DEEPFR : fraction of ground-water inflow that flows to inactive ground water

BASETP : fraction of the remaining potential evapotranspiration that can be satisfied from base flow
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HEC Models
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HEC Models

Modeling of the rainfall-runoff process in a watershed based on watershed
physiographic data

[ a variety of modeling options in order to compute UH for basin areas.

] a variety of options for flood routing along streams.

[ capable of estimating parameters for calibration of each basin based on

comparison of computed data to observed data

1. HEC-GridUtil 2.0 9. HEC-DSSVue 2.0.1

2. HEC-GeoRAS 10 (EAP) 10. HEC-RAS 4.1

3. HEC-GeoHMS 10 (EAP) 11. HEC-DSS Excel Add-In
4. HEC-GeoEFM 1.0 12. HEC-GeoDozer 1.0

5. HEC-SSP 2.0 13. HEC-EFM 2.0

6. SnoTel 1.2 Plugin 14. HEC-EFM Plotter 1.0
7. HEC-HMS 3.5 15. HEC-ResSim 3.0

8. HEC-FDA1l.2.5a 16. HEC-RPT 1.1
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HEC-GridUtil 2.0

HEC-GridUtil is designed to provide viewing, processing, and analysis capabilities for
gridded data sets stored in HEC-DSS format (Hydrologic Engineering Center's Data
Storage System).
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HEC-GeoRAS
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HEC-GeoRAS 10 (EAP)

GIS extension = a set of procedures, tools, and utilities for the preparation of GIS

data for import into HEC-RAS and generation of GIS data from RAS output.

 ArcGIS w/ extensions
» 3D & Spatial Analyst
» HEC-GeoHMS
» HEC-GeoRAS

« HEC-RAS
— Simulates water surface profile of a stream reach
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Data Requirements

e Triangular Irregular Network
(TIN)

 DEM (high resolution)

— use stds2dem.exe if
downloading from USGS

e Land Use / Land Cover
— Manning’s Coefficient

(Source: “GIS — Employing HEC-GeoRAS”, Brad Endres
, 2003)

Module 9



Major Functions of GeoRAS

* Interface between ArcView and HEC-RAS

* Functions:
— PreRAS Menu - prepares Geometry Data necessary for HEC-RAS modeling
— GeoRAS_Util Menu — creates a table of Manning’s n value from land use
shapefile
— PostRAS Menu — reads RAS import file; delineates flood plain; creates
Velocity and Depth TINs

2 Arcview GIS 3.2

Eile Edit Yiew Theme Analysiz Suface [Graphics preRBas pnsch‘-‘-.S GeoRAS_Utl  Window Help
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@I Untitled ;Iglil il Viewl
ol ey I Open I Frint I I
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Demonstration of Capabilities

3-D Scene

e Load TIN

3-D Scene

e (Create Contour

Lines ]
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Demonstration of Capabilities

Contd...

 Create Stream Centerline

e Create Banks Theme

e Create Cross Section Cut Lines/

« Add/Create Land Use Theme

 Generate RAS Import File §

\

sttH.-'l‘-.S GeoRAS_ Ll

I reate Stream Centerline
Create Eank.z

Create Flowpaths

Create Leves Alignment

Theme Setup...

Centerline Completion
Centerling Topology
Lengthz/Stations

Centerling Elewvations

5 Attibuting
Stream/Reach Mames
Stationing
Bank Stations
Reach Lengths

#5 Elevations

hanning's n Yalues
Leves Pozitionz

|neffective Flow Areas

// Create %5 Cut Lines
Create Ineff. Flow &reas
. / Create Storage Areas
« Create Flow Path Centerlines

Storage Area Completion

Generate BAS GIS Impaort File
Header E xport
Centerling E=port
#5 Expart
Storage Area Export
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Demonstration of Capabilities Contd...

Stream

Centerline

Land Use
\ Themes

Right Bank

Flow Path
Centerlines

S Cross Section |
‘ ‘ Cut Lines
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Demonstration of Capabilities

Contd...

% Generate RAS GIS import file
% Open HEC-RAS and import RAS GIS file

s Complete Geometry, Hydraulic, & Flow Data
“* Run Analysis
% Generate RAS Export file

File Edit Fun Miew Options

Help

[ [ [ [ s e et | 1
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Demonstration of Capabilities

RAS GIS import file

Contd...

Geometric Data - WailupeGeometryData
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Contd...

Demonstration of Capabilities
RAS GIS export file
§ X-Y-Z Perspective Plot =l |
il ions
Upstream RS: I 'l ﬁﬂ I | i = | ﬁ
D ownsheam FS- Iﬁv Ratation Angle -0
Azimuth Angle 24 -
YWailupeRAS Plan: Wailupefirstrun  4/25/2003 =
Legend
WS S0yr
WS SO0y
W= 1 000y
Ground
ElanI: Sta
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Demonstration of Capabilities Contd...

* New GIS data
 PostRAS features

 Water Surface TIN

L Floodplain Delineation — polygon & grid
[ Velocity TIN

d Velocity Grid

2 Arcview GIS 3.2
Eile Edt “iew Theme Analpziz Suface Graphice preRaS EaeEGlSal GeoBAS Ll wWindow  Help
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[ RN a
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Demonstration of Capabilities

Floodplain Delineation (3-D Scene)

Module 9



Velocity Grid (parker = Faster)

Depth Grid (Darker = Deeper)
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Employing ArcView, GeoRAS, and RAS for Main Channel
Depth Analysis (1968)

alue © 13477495
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Employing ArcView, GeoRAS, and RAS for Main Channel

Depth Analysis (1988)

PostRAS

[/
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& Identify Results

21.040457

)
R
v
) |
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21.0 ft
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Overall Benefits

+» Elevation data is more accurate with TIN files

» Better representation of channel bottom

“* Rapid preparation of geometry data (point and click)

» Precision of GIS data increases precision of geometry data
 Efficient data transport via import/export files
“ Velocity grid
“* Depth grid
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Overall Benefits Contd...

“ Floodplain maps can be made faster

e several flow scenarios
“ Both steady & unsteady flow analysis

“* GIS tools aid engineering analysis

« Automated calculation of functions (Energy Equation)
« Structural validation of hydraulic control features
e Voluminous data on World Wide Web

“* Makes data into visual event — easier for human brain to process!
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Overall Drawbacks

“* Time required to learn several software packages
<+ Non-availability of TIN or high resolution data
< Estimation of Manning’s Coefficient

 Few LU/LC files have this as attribute data

“* Velocity distribution data may not be calculated

« HEC-RAS export file without velocity data means no velocity TIN or
grid
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HEC-HMS

HEC-HMS simulates rainfall-runoff for the watershed

¥ HMS = Basin Model - Castro 1

File Edit Parameterz Simulate Yiew Map Help

soaafl- mX=fio)ly ~JE|C

E lementsz -

il
Eubbasin

A

Eesersroix

m Subbaszin-4
i

m Subbaszin-1
il %

S_ubl:lasin-S
i Reach-1

Feach-2

N

E azt Branch

‘r 'vr wheszt Branch
WY

-

4 ]
00k IM: click-and-drag to zoom in. Dbl-click to rezet. Mo Precip | Mo Contral | Fao Run

(Source: ftp://ftp.crwr.utexas.edu) Module 9




HEC-HMS Background

Purpose of HEC-HMS
* Improved User Interface, Graphics, and Reporting
¢ Improved Hydrologic Computations

* Integration of Related Hydrologic Capabilities

Importance of HEC-HMS
*» Foundation for Future Hydrologic Software

** Replacement for HEC-1
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Improvements over HEC-1

Ease of Use

% projects divided into three components

% user can run projects with different parameters instead of creating new

projects
“ hydrologic data stored as DSS files

s capable of handling NEXRAD-rainfall data and gridded precipitation

Converts HEC-1 files into HMS files
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HEC-1

EXERCISE PROBLEM

A small undeveloped watershed has the parameters listed in the following tables.
A unit hydrograph and Muskingum routing coefficients are known for subbasin 3,
shown in Fig.1(a). 7C and R values for subbasins 1 and 2 and associated SCS
curve numbers (CN) are provided as shown. A 5-hr rainfall hyetograph in in./hr is
shown in Fig.1(b) for a storm event that occurred on July 26, 2011. Assume that
the rain fell uniformly over the watershed. Use the information given to develop a

HEC-1 input data set to model this storm. Run the model to determine the
predicted outflow at point B.

SUBBASIN| 7C | R SCSCURVE | % IMPERVIOUS | AREA
NUMBER | (hr) | (hr) NUMBER (%) (mi%)
1 25 | 55 66 0 25
2 28 | 75 58 0 2.7
3 - - 58 0 3.3
UH FOR TIME (hr) 1 |2 1|3 |4 |5 |6 |7
SUBBASIN 3:
U (cfs) 200 | 400 |600 |450 [300 |150 |0

(Bedient et al., 2008)
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Example Problem

Contd...

Meadows

Meadows

Fig.1(a)
Muskingum coefficients: x = 0.15, K= 3 hr, Area = 3.3 sg mi

20
™
S
=
' -
2 1.0
= i
a4
0
1200 1300 1400 1500 1600 1700
July 26, 2011
Time (hr)
Fig.1(b)

Module 9




Solution : The input data set is as follows:

ID faloiokol EXAMPLE PROBLEM
ID *kk*k
ID fakaioll HEC-1 INPUT DATA SET
ID *kk*x

—> |IT 60 60 25-Jul-07 1200 100
10 4
KK SUBL
KM RUNOFF FROM SUBBASIN 1

. Pl 0.2 1.5 2 1 0.5
BA 2.5
LS 66 0
ucC 2.5 5.5

_, |[KK [suB2
KM RUNOFF FROM SUBBASIN 2
BA 2.7

— |LS 58 0
uC 2.8 7.5

—  |[KK A
KM COMBINE RUNOFF FROM SUB 1 WITH RUNOFF FROM SUB 2 AT A
HC 2
KKATO B

—» |[KM MUSKINGUM ROUTING FROM A TO
RM 1 3 0.15
KK | SUB3
KM RUNOFF FROM SUBBASIN 3
BA 3.3
LS 58 0
Ul 0 200 400 600 450 300 150
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Using HEC-HMS Contd...

Three components

» Basin model - contains the elements of the basin, their connectivity, and

runoff parameters (It will be discussed in detail later)

» Meteorologic Model - contains the rainfall and evapotranspiration data

» Control Specifications - contains the start/stop timing and calculation

intervals for the run
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Project Definition

/
0’0

/
0’0

It may contain several basin models, meteorological models, and control

specifications

It is possible to select a variety of combinations of the three models in order to
see the effects of changing parameters on one sub-basin

B8 HMS = Project Definition

File  Component Data  Wiew Toolz

Project Mame:  HG_Bazin

Help

Dezcriptian ; I |
— Components
B azin Model tetearologic kodel Contral Specifications
B azin 3 ;I 10 year ;I Cantral 1 ;l
buzk_s_ 2 100 year Janz1.ihl
Baszin 3 plus pond Harriz Co. 10 vear o APRZ25alH1
B 3+pond Fast Route Harriz Co. 100 pear QCT34aH
23tpipe.ik1 Jan1.ihd Feblz2.ih1
Aprd. ik |
OCT34alHT =] Z3ftpipe. ihl =]

Component Dezcription:  HEC-1 MODEL Harriz Gully Y atershed [hew subwatersheds with pipe spsh - > |

Click component for description; double click to edit.
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Basin Model

B HMWS = Basin Model -- Castro 1

> GUI Supported File Edit Parameters Simulate View Map Help
NHIEE D= eI e
N
» Click on elements from left and drag 8
into basin area -
% Subbazin-4
Eeach
» Works well with GIS imported files %
O
. it Subbasin2
> Actual locations of elements do not o
matter, just connectivity and runoff S
parameters o %
Sink
East Branch
~
4 | N

IZDDM IM: click-and-drag to zoom in. Dbl-click to reset. IB: Castro 1 IND F'reu:ipINo EontmIINo Fun

Module 9




. Basin Model Elements

subbasins- contains data for subbasins (losses, UH transform, and
baseflow)

e

Subbasin

% reaches- connects elements together and contains flood routing
data

Erach

Y

Jurction

junctions- connection point between elements

>

reservoirs- stores runoff and releases runoff at a specified rate
(storage-discharge relation)

Fesersonir
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1. Basin Model Elements Contd...

ﬁ e sinks- has an inflow but no outflow

G * sources- has an outflow but no inflow

Souxce

0 e diversions- diverts a specified amount of runoff to an element
based on a rating curve - used for detention storage elements or
overflows

Drrersion
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2. Basin Model Parameters

a) Lossrate
b) Transform

c) Baseflow methods

B HMS5 = Basin Model = Subbasin Editor

Help

Subbasin Mame : |S3 Area [zq. mi] |0.37958

A =zcriphion I3 |

Loss Rate Tran&fu:urml B aseflow Methu:udl

I ethod: I Initial/Constant ;I
Green & Ampt
Initial/Constant
SC5 Curve Mo,
Gndded SCS Curve Mo

Initial Loss (in): ID.E Deficit/Constant o |54.8338

Shddy
Gridded Shig
Mo Los: Fate

Constant Rate [indhr): 0.05

u]4 | Apply | Cancel |

ISuhhasin name
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2. Basin Model Parameters Contd...

2a) Abstractions (Losses) 2b) Transformation
1. Interception Storage 1. U_nlt_Hydrograph
2. Distributed Runoff

2. Depression Storage 3. Grid-Based Transformation
3. Surface Storage Methods:
4. Evaporation a. Clark

o b. Snyder
5. Infiltration ¢ SCS
6. Interflow d. Input Ordinates

e. ModClark

7. Groundwater and Base Flow f Kinematic Wave
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2. Basin Model Parameters Contd...

2¢c) Baseflow Options ¥ HMS = Basin Model = Subbasin Editor
Help
a. reCESS|On Subbaszin Mame ; ISubbasin-E Area (=g, mi |4-53

Drezcription I |

b. constant monthly

| ozs Hatel Transfu::rm| B azeflow kethod

c. linear reservoir

thod: I Mo Bazeflow LI
Beceszion

Conztant kMonthly
Linear Rezervair

Mo Bazeflow

d. no base flow

(] Apply Cancel |

I Subbazin name
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Stream Flow Routing

» Simulates Movement of Flood Wave Through Stream Reach

» Accounts for Storage and Flow Resistance

» Allows modeling of a watershed with sub-basins

B HMS = Basin Model = Routing Reach

Reach Routing

Help

Reach Name : IHN

a)
b)
C)
d)

e)

Simple Lag
Modified Puls
Muskingum
Muskingum Cunge

Kinematic Wave

Degcription I

Routing Method :

Murber of Subreaches ;

Ok |

I tuskingum
Lag
Muskingum
todified Puls

tuzkingum Cunge Std.
tuszkingum Cunge 8 Paint

Kinematic W ave
i
ruskingum = I-l (L

1 ]
=i

Apply |

Cancel |

Module 9



Methods for Stream Flow Routing

¢ Hydraulic Methods - Uses partial form of St Venant Equations
» Kinematic Wave Method

» Muskingum-Cunge Method

“* Hydrologic Methods
» Muskingum Method
» Storage Method (Modified Puls)
» Lag Method
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Reservoir Routing

% Developed Outside HEC-HMS

/

% Storage Specification Alternatives:

O/

% Storage versus Discharge

O/

% Storage versus Elevation

O/

«+ Surface Area versus Elevation

/

% Discharge Specification Alternatives:

/

< Spillways, Low-Level Outlets, Pumps

/

< Dam Safety: Embankment Overflow, Dam Breach
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Reservoirs

(Pond storage with

outflow pipe

Orifice flow

Weir flows

Uinflow and Outflow

Level Pool Reservoir .
| —> '\\Q (weir flow)

Q (orifice flow)

$=f(Q) Q=f(H)

Orifice flow:
Q=C *-‘/ 2gH
Q™
|
Weir Flow:
— Q = CLH®?2
Q
' Inflow
QO |=
] ——Outflow
)
I
|

time Module 9



Reservoir Data Input

< Initial Conditions to be considered
» Inflow = Outflow
» Initial Storage Values
» Initial Outflow

» Initial Elevation
* Elevation Data relates to both Storage/Area and Discharge

* HEC-1 Routing routines with initial conditions and elevation data

can be imported as Reservoir Elements
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Reservoir Data Input Window

B8 HMS = Basin Model = Reservoir Routing M=l E3 Eﬂesewui[q M= E
Edit File Help
Reservair Mame:  |Feservair] hd
| J L o e o A B B S e B B B B S B
Descrption: | woond o
i+ Storage - Olutflow - 1
£~ Elevation - Storage - Outflow E’ aoood - - o o o P
=)
Initial | Inflow = Dutflows =]
2|:||:||:|_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
[ascfr'jj's:t] Outfow(cls)  — e -anni S ——————
oo oo u} 1000 2000 2000 SO00 G000 (s]aluli] Fooo
. . Storage (3cre-fest)
3300 421.0
1761.0 1107.0
24930 13170 B .
A2E9.0 1507.0 _ i ‘ — Storage ws. Outflow | RFe=zersair
BO00.0 38E9.0 Granh
50000 13000.0 - g Print | Clase
(1] 4 Apply | Cancel |
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Running a project

User selects:

1. Basin model
2. Meteorologic model

3. Control ID for the
HMS run

EHMS * RBun Configuration

File Help

Fun I : IFEun'I

Description I

B asin |D | -
Logs (0.0, 0.00]
BRAYS BEAYOU WATERSHED............... HARRIS COUMTY
Lo=s [1.0.010] ERATS BEAYOU WATERSHED............... HARRIS COUMTY —
Los=s [0.75,0.075] BRAYS BAYOU WATERSHED............... HARRIS COUMTY =
KA _'*I_I
ket Model D I Drezcription -
100-yr 100-pr rainfall frorm HCFCD
10-pr 10-pr rainfall from HCFCD
E-yr rainfall from HCFCD
25-ur 25-yr rainfall frorn HCFCD s
50-yr B0-yr rainfall frorm HCFCD LI
Control D I :I
HELC-1 madel BRAYS BAYOU WATERSHED............... HARRIS COUMTY
Sept. 93
Contral 1
R R _'*I_I

Ok |

Apply | Cloze |

IEnter a name for thiz Bun,
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Viewing Results

% To view the results:
 right-click on any basin element, results will be for that point
¢ Display of results:
* hydrograph- graphs outflow vs. time
e summary table- gives the peak flow and time of peak
 time-series table- tabular form of outflow vs. time
s Comparing computed and actual results:

» plot observed data on the same hydrograph to by selecting a discharge

gage for an element
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Viewing Results

B HMS = Basin Model - new routing

File Edit Parameters Simulate ie

~oaa)- s

w Map Help

=07 ~ | E|C|

=]

)

)
Subbasin

Resersoiz

o

Junwction

H)

Diwersion

O

Souce

S

Sink

«

2000

Flow (cfs)

15004 « - - s e e e e

1000 - - - - e e e e e

G e

T T T T T T T
o600 1200 1300 2400 OEO0 1200 1300

2580007 264007

2400

View Results

ISELECT: Click to zelect an object, drag ta move the object |B: new routing |21gag.ih1

Obszerved Flow ...

Stage-Dizcharge Table ...

1
Surnmary Table
Time-Seriesz Table

Duplicate Element
Delete Element

hydrograph
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HEC-HMS Output

1. Tables
> Summary
> Detailed (Time Series)
2. Hyetograph Plots
3. Sub-Basin Hydrograph Plots
4. Routed Hydrograph Plots
5. Combined Hydrograph Plots

6. Recorded Hydrographs - comparison
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Viewing Results

B8 HMS = Summary of Results for Sink 4

Project: HG_Baszin FunMame: FRun 28 Sink: |4 ﬂ
St : i : i = T: - -
art of Fun 2hapra7 0106 B azin Model nEw rauting ! HMS = Time Series Results for Sink 4
End of Run : 2BApraY 2400 ket bModel : APR25a.1H1
Execution Time :  040ct00 1455 Control Specs . APR25a.lH1 Froject: HG_Baszin Run Mame: FRun 28 Sink; |4 j

its - ¢ Inches  Acre-Feet ; :
vielrme Ui s FIETES Start af Run 2Rdpra7 0106 Bazin bModel :  new rauting

- Computed Resuls ErdeofRun:  2EAp97 2400 Met Model:  APR25alHT
Peak Inflow: 18728 (cfs]  DatesTime of Peak Inflow : 25 .4pr 97 2006 Execution Time . 040ct00 1455 Control Specs : APRZ5aHT
T atal Inflow 3.58 [in]
o . Inflaws Obs. 0 Residual |
ate Time
[cfs] [cfs) [=f=]
— Obzerved Hydrograph at Gage : AFPRIL4 =TT e 2= = =
28 Apr 87 1130 714 16.3 BA.0
Peak Inflow ; 1778.0 [cfs] Date/Time of Peak [nflow ;25 Apr 97 2000 25 hpr 97 113K 739 164 RE 2 =
Ayerage Residual : 1.384083e+036 [cfs) 25 &pr 97 1142 74T 1E.4 Bo 3
Tatal Residual : 206272 7e+034 [inptal Obs. [nflaw ; -1.268358e+034 [in 28 Apr 97 1148 ThE 165 F8.3
25 Apr 97 1154 7E.5 1E.5 R34
Print | Close 28 Apr 87 1200 767 166 601
20 Apr 57 1206 7B.5 16.E F3.9
28 Apr 97 1212 7h.9 16.7 R9.2
Summary table 28 Apr 87 1218 749 167 ha3.2
25 Apr 97 1224 V3B 1E6.8 RE.8 j
Graph | Print | Cloze |

Time series table Module 9



Viewing Results Contd...
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Junction Plots

a. Tributary Hydrographs
b. Combined Hydrograph

c. Recorded Hydrograph
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