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CHAPTER 1

GSSHA Initial Overland Flow Model
Setup

The first step in creating &SSHA modelusing WMS is to delineate a
watershed and obtain a watershed boundary polygon from a digitati@tev
model. In this tutorialyou will use a DEMto create thevatershedoundary
polygon and the streams using the same delineation prgoesearned in
previous tutorid WMS interpolates cell elevationsfrom the DEM when
buiding a 2D grid. WMS usethe watershedoundary polygon to select
whether 2D grid cells areactive (inside the basin) or inactive (outside the
basin).When building a GSSHA model from within WM®ge basin should not
be subdivided into subasinsas you would subdivide a lumpedrameter
model GSSHA models require that you hagesingle watershedboundary
polygon

1.1 Importing DEM Data

You learned how to download DEM using web services ithe previous
workshops In this workshopyou will open a DEM whichhas already been
downloackd.

1. Open a new instance of WMS.

2. Select File | Open browse and operthe file C:\Training\Raw
Data\JudysBranchDEM\Judys_branchhdr.

3. Thelmporting NED GridFloat Filedialog will open.Click OK.
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F ~
Importing NED GRIDFLOAT File [

Files

Elevation units:
14784524.hdr

(@) Meters
Feet

Thinning factor: 1

|| smooth DEM on Import
(s ] [osee |

DEM Coverage

Marthern boundary

33.791249595333

Western boundary Eastern boundary

-90.00847221994 -89.90208333104

Southern boundary 38.720694443333

Approximate total points: 97920
Approximate dipped,thinned points: 97920

o ) [oma )

A

4. SelectYeswhen prompted for coordinate conversion.

5. Set thehorizontal Object Projectionto Geographi¢c NAD83 ARC
DEGREESand the verticalObject Projectionto NAVD 88(US),
Metersif different.

6. SelectSpecifyoption forthe Project projection.Then selectGlobal
projectionand clickthe Set Projection button.

7. Sele¢ UTM, NAD83 METERSZone 15and clickOK.
8. Make sure th&/ertical Projectionis set toNAVD 88(US) Meters

You should now be able tsee the DEM contours plotted on WMS main
window.

1.2 Computing Flow Direction s and Flow Accumulation s

1. In the Drainage Modué l@ slectDEM | Compute TOPAZ Flow
Data and ClickOK twice to accept the defaliOPAZ input
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TOPAZ computs flow direction and accumulatiogrids. From these grids,
you caninfer the streantocationsbased on the DEM data

2. Click onCloseafterthe computations are complete.

3. You need to create an outlet point to delinesateatershed. Seledthe

Create Outlet Poinbutton ©.. Placethe outletat approximately the
location shown in théigure below.

1.3 Delineating the Watershed

1. SelectDEM | Delineate Basins Wizard

2. Make sure that the Stream Threshold value is 1.0 sq rGile&. the
Delineate Watershed button.

The delineate basin wizardutomates the stepm the previous tutorial of
converting the DEM streams to arcs, definihng the basim ftbe DEM
converting thebasinboundary to a polygon, and then computing the basin data
In a future tutorialyou will learn how to run théydrologicmodeling wizard as

a guide to GSSHA model set up.

3. Clck Close to close theDelineate Watershedlialog after the
delineation process completes.
4. Your watershed should look somewhat like:this
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4 5 L
b a

5. Save your WMS project by selectifgle | Save = Save it as
C:\Training\PersonalBasicGSSHAJudysBase.wms

1.4 2D grid generation

A basic GSSHA modedan be generateddim a delineatetdasin boundary ia
drainagecoverage and a DEMVhen delineating your watershedisi helpful

to use a value for the flow accumulation threshwafen generating stream arcs
from flow accumulation cells so the characteristics of your siseare
correctly represented in your GSSHA modielthe followingstefs, youwill tell
WMS to use the boundary polygon and the DEM create a 2D grid that
conforms tothe watershedooundary and has elevation dat@uesthat are
interpolated from the DEMFor more information on selecting appropriate cell
sizes to use when generating a 2D gridee the GSSHA Primer.
(httpA\gsshawiki.contindex.php?title=GSSHA Software Prinper

1. Swich toMap ModuleH" .

2. Click on Select Feature Polygon ToJ_E_‘ and right click anywhere
within the watershed polygoSelectCreate Grid SelectYesto create
a grid for GSSHA.

3. Make sure thaBase Cell Sizeoption is checked on and ent8®
(meters in thicase)as the cell size and clicRK.


http://gsshawiki.com/index.php?title=GSSHA_Software_Primer
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4. Click OK to interpolate grid cell elevation from the DEM, and select
Yeswhen prompted to delete the DEM data.

You can now se¢he 2Dgrid representation dhe watershedAlso notice that
underCoveragesn the data &e, theDrainagecoverage has been changed to
a GSSHAcoverage.

5. To save your model as a GSSHAroject,go to the2D Grid module

and selectGSSHA | Save Project File. Save your GSSHA
project file to C:\Training\PersonaiBasicGSSHA
GSSHAbasic_ov.prj

Noatice in theproject explorethata 2D Grid called new grid is visible in the tree
and a GSSHA model (GSSHAModell) has been initialized.

Ol Terain Data
= O@F Map Data
-)-[¥]La Coverages
M= GSSHA
=-[AEg Hydrologic Tree Data
5:_;3 Hydrologic Modeling Tree
OB Hydiaulic Schematic Data
CIigg GIS Laers
=-[ALgg 20 Grid Data
-l new grid
"1 Index Mapz
default [elev]
--[ GSSHAModell
L) Job Contral
L Precipitation
5 GSSHA
Ll Index kMaps
@ Continuous Maps
OF 20 Scatter Data

1.5 Job Control Setup

When you created GSSHA grid the GSSHA Job Control parameters were
intialized usingsomedefaultvalues. To get the overland flow running you will
need to define some realistic values.

1. Inthe 2D Grid modul selectGSSHA | Job Control

2. Make sure theoutlet slopeis set t00.001 This ensuresvater will run
off the grid.
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3. Enter atime stepof 10 (secads) and atotal run time of 1500
(minutes). Make sure the values are same as those shoviinein
following figure.

GS5SHA Job Control Parameters EJ

Caomputation parametelsKDAtlel infarmation Infiltration Channel rauting computation scheme
o . Column: 1 !
Tatal time [min); | 1500 i © Mo infilration E

e B4 () Green + Ampt with soil
VB EER (e (AL “ moisture redistribution () MESH
Slope:  |0.00100
Overland flow r S

Computation method T ™ Soil erasion

[] Retention depth

™ Calibrate
Area reduction
0 I Link CE-GUAL-... ™4
o] (o=

4. Click on Output Controland choose you®utput Unitsto beEnglish
in the lower part of the Output Control dialog.

#DE hé (5) Mo evaporation : . r —————
[ Interception () Richard's infiltration ™ Contaminant bra...

() Deardarff methad ™ Mutrierts
2t el I Storm/tile drain

(O Penman method ™ Stochastic

All computations in GSHA are done in metric, buthanging your
hydrograph output to English allows ytuwrite the outflow hydrograph
cfs (All other outputwill still be in metric units).

5. Enter 15 mintes for the Hydrograph write frequency This is the
second of the twoisted write frequencies. The first is ftre grid
output and it should remain at 30 minutesick OK.

6. SelectOK

1.6 Uniform Index Map Setup

Once the Job Control parameters are set to some realistic values, there are two
main parameter set® set upto finish building an overland flowmode! First,

the overland flow roughness coefficierits the grid cellsneed to be set and
second, the precipitation data needs to be specified.

To set upoverland flow roughness coefficientsn index map must be set up

that describes the spatial variation of the roughness and the roughness values
themselves must bassigned in a mapping tablén this example, youwil

create a spatially uniform set of roughness valueyosocan examine and
correct any problems with odand flow before defining spatially varied
roughness and infiltration.

Notice that anindex Mapdolder was createghder theGSSHA modein the
project explorer. A grid may have several index maps as was demonstrated in
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a previous tutorialln this tutoral, you will add a uniform index map to this
folder.

1. SelectGSSHA | Mapgé  This wil bring up the GSSHA Maps
dialog

{I GSSHA Maps 3

Index - Grid | Inde - Stream || Continuous - Grid

Carmpute index using GIS data

Input coverage (1] : | w |

Coverage attribute : | w |

[ Imput coverage (2] :

Index map name: |new |

[ GI5S Data -» Index Map ]

Compute index using data calculator (uniform map)

[ Data Calculatar... ]

2. Selectthe Data Calculatorbutton This wil bring up the Data
Calculator dialog

{¥% Data Calculator f'5__<|

[rata zets Time steps

= a new grid

Addto Expression” Data Set Info... Use all time steps

+ ][ log(=] ][ Tt ]
][ In[x] ][ ave(sy) ]
][ #a ][ minx.y] ]
/ ][ absz(x) ][ max(s.] ]
[ ][ 1 ][ tune{x.a.b] ]

Expression: | 1 |

Result: | Unifarm |
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3. IntheExpressiorbox, type 1.

4. IntheResultbox, t Ynif@moh
5. Check thedndex mapoption

6. SelectCompute

7. SelectDone. This takes you back to the Index Map dialog.

= mm AMuiags 1 ree Lrdg

8. SelectDone again to exit the &P Hydrologic Modeling
GSSHA Mapslialog. O Hydraulic Schematic Data
OL@ GIS Layers

Notice that the Uniform index map is = [ 20 Giid Data
assigned tawo different placesn the - A8 new grid
project explorer:one in the IndexMaps =-[ 3 Index Maps
folder under the 2D grid and another [iz3] Unifor
under the GSSHA model default [slev
(GSSHAMOodelL 5 [ GSSHA Model
The actualindex mapis storedin the () Jab Cantral _
Index Mapsfolder underthe 2D grid. (= Frecipitation  Uniform
When you create an index map, it is @FESHMA Index map
assigned tothe active GSSHA model. B _JEJnifZ:::f/ 'hse";‘sded

You canAssign and Remowihe index
mags) from a GSSHA model. If there
are multiple GSSHA models, you can use
the same index mafor severalGSSHA models. Similarly, if you have
several index maps, you can uBemin one or morésSSHA modelgor you
canremove an index map from all GSSHA models)

1 Continuous kaps
OE 20 Scatter Data

1.7 Roughness Table Setup

Notice that wheryou made the index maypou assigned a value of 1 to the
whole map(every grid cell) The value of1 is an index numbethat you will
relateto a roughness coefficient. Tlhgsdone through the mapping table

1. SelectGSSHA | Map Tables

2. Select theRoughness talit should be selected by default)

3. IntheUsing Index Mac o mb o b oUnifosm®l. ect A
4. SelectGenerate IDsbutton

5. Inthe Surface Roughness edi field, enter a val@QH.
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I GSSHA Map Table Editor X

Contaminants Mutrients Continuous Maps Groundwater
Roughness Interception Retention Evapotranspiration Infillration Initial Moisture Sail Erogion

Using index map: | Urifarm hd

Index map type: | Grid v Generate |Ds &dd 1D

Roughness
D 1

Description? Roughnesz [

Description2

Surface roughness W

[ Help ] [ Import Table... ] [ Export Table... ] l Job Contral

6. Selectbone

The tabs on the Mapping Table dialog list some of the mapping tables that can
be set ugor different watershed processes that can be modeled in GSSHA
We will set up other processes later tutorials. The two stepsfor assigning
vaues for each cell are first to assign
index map(In the case of roughness, you usegh#orm index mapgand then

to assignroughness valgeto eachIlD used in the indexnapin the GSSHA

Map Table Editor For this simple model with uniform roughneske use of

an index mapmay seenlke extra worksince you can select all the cells in
your model and assign the same roughness value to eadiavedver when

you have severdand use or soil type characteristiepresenting variations in
roughness valuednfitration, and other spatial properties is essential to
mana@ your GSSHA modebata using index maps to represent the spatial
variation and then to assign specific values to your index map IDs in the
mayping tables

1.8 Defining Uniform Precipitation

In addition toroughness, precipitation must be definedet@luatea basic
overland flow model. GSSHAas several options for defining precipitation
You wil explore these options in laterworkshop butyouwill begin byseting

up a simple uniform precipitation event for a short duratibhe purpose of this
tutorial isto getenoughwater on the grid to examine and correct any problems
with overland flow.

1. SelectGSSHA | Precipitatioré

2. Select the Uniform Rafall in the Rainfall event(s) combo box.
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3. Enter the rainfall intensity of 40 (mh).

4. Enter the rainfall duration of 120 (minutes).

5. If you are simulating an actual event eambw thedate andime of
the storm occurrence, you can enteem but for this synthetic,

uniform stormjust use the defaults.

6. SelectOK.

- .
GSSHA Precipitation 2

Rainfall event{z)

Unifarm = || lmport Gage File..

Intengity (rmmdhr) | 40.00
Dwration [min) 120
Start dateftime | 6342010 1:47:11 PM j

Multi-gage interpolation method

Inverse distance weighted [1D%W)

Thiezzen polygonz

Help | [ ak ] | Cancel

1.9 Save the GSSHA Model

It is advisable to create a new folder each time a significant revision is made
and save the projectihe new folder

1. SelectGSSHA | Save Project File...

2. Save the GSSHA pjectasC:\Training\PersonalBasicGSSHA
GSSHADbasic_ovprj.

Typically, most of the files in GSSHA project share a similar base file name and
only differ inthe file extension. The exceptions tdstiule are index mafies,
which all have the same ex®on and different base file names. The file
names and extensiofgr the various GSSHA filesay be any name desired;
the defaults given in WMS are merely convention, but they do aid in quickly
identifying files when you are looking through them. Theofwihg table lists a

few of theconventionakxtensions used ByYMS.

Extension Description
prj Project file
ele Elevation file

msk Watershed mask
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cmt

Mapping table file

cif

Channel input file

gst

Grid-Stream file

idx

Index map

dep

Overland depth map (output)

cdp

Channel depth file (output)

cdq

Channel discharge file (output)

map

WMS map file (not used by GSSHA)

PersonalBasicGSSHAGSSHA

OpenWith and selecNotepadto open)

Open Windows Explorer andgo to the folder C:\Training\

Openbasic_ov.prjusing note padRight click on the fe, select

This is the GSSHA project fieThis file tels GSSHA which

watershed processes to randlists the input and output files used
in the GSSHA projectNotice thatthere are filedisted in this file
with similar names but different extensions (as discussed in the

above

1.10 Running the Model

table).

CloseNotepadandWindows Exploreand return toVMS

1. SelectGSSHA | Run GSSHA Turn the Suppress screeprinting

option off,

GSSHA Run Options

Location

E Project file:

CATraining'... \basic_owv.pr|
Optionz
CiSupp

Save file before nunning

ning

1 Pause GS5HA window after running

3

0k,

J |

Cancel

2. SelectOK.

You will seethe time step being computed and discharge at each time step

i n t he

model Clhseaapabtter

tICheckomput at i

which wil take some timedepending on your computepeed
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1.11 Visualizing Overland Flow Results

Sinceyou have just runyour first simuldion, it would be nicefor you to see

what happenedNotice that after you closethe Model WrapperWMS
automatically read in some files. WMS stores the results of a run together as a
solution set There can be many solution sets in fineject explorerbut they

must be for the sanD grid. These solution sets are useful becaumecgn
modify job control parameters, index majp®undary conditionspr mapping
tablesand you can compare resutistweermodel runs

O] Terain Data
=-[J@ Map Data
- [¥]Le@ Coverages
P& GSSHA
= [ Hydwlogic Tree Data
a‘;‘B Hydrologic Modeling Tree
O Hydaulic Schematic Data
Olg G5 Layers
= [PlLEg 20 Grid Data
= [l new grid
—-_1 Index Maps
Uniform
elevation [elev)
=[N basic_ovy
L) Job Contral
L) Precipitation
& GS55HA
=l Index Maps
Urifarm
—- . Continuous Mapz
elevation [eley]
—|--[=] basic_ov [G55HA]
(123 depth
B Summary File
B Outlet Hydrograph

[N Y

You can see in the above figure tlyatir modelis namedbasic_ovand that
one of the folders within the model hadeter 'S, representing 'Solution'. The
Depth datasetunder be solution folder represents overland flow depth data.
The Summary files a text documerthat has detailed infmation aboutyour
model inputs, resulfsmass balancesand erros (if any). The Outlet
Hydrographis used to access plot of theoutlet hydrograph
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1.11.1 Visualizing the Outlet Hydrograph

As soon as the ressifare read you can see small hydrograph icon athe
outlet of your watershed. This icon is usadcess theplot of the outflow
hydrograph

1. In the 2-D grid modul, c | i c Beled rlydrognagi ﬁl@lo I
and double click on themallhydrograph iCCEL\ near the outlet.

2. This wil open the hydrograph ingot window.

3. Right click on the hydrograph plot and chodgew Values This will
display the hydrograph ordinates and corresponding times. You can
copy and paste these dataatspreadshegirogram

4. Select the dataaluesunderFlow (cfs) column, right dtk and select
Copy.

5. Openthe spreadshed:\Training\InitialGSSHACanparison.xlsand
paste the hydrograph ordinatieshe Data tab, in thelnitial Setup &
Corrected Gridsectionunder the colummmitial Setup

6. When pasting data in the spreadsheet, pgste datain the white
areas only. Notice some additional tabs in this spreadsheet that can be
used to view the results. Select tlmitial Correctedtab to viewa
plot of your hydrograph.

7. Return to WMS andClose the View Valuesand Hydrograph plot
windows after you are doneYour hydrograph wil look something like
this:

Comparisen between Initial setup & Corrected Grid
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1.11.2 Examining the Summary File

1

2.

3.

5.

Doubleclick on Summary File under the solution folder.

If WMS asks for your editgrselect Notepad araick OK.
Look through thesummary file in particular notehe following:
Total precipitation volume

Total discharge

Volume remaining on the surface

=A = = =2

Massconservation error etc

Notice from these numbers that most of the water remained on the
watershed grid in this simulation inatt of running off the grid.

When you are done you can close shenmary file

There could be a couple of reasons fa tater remaining on the grid instead
of being converted to runoff:

f
1

f

The simulation did not run long enough

There are problems with thdeeation gridthat result invaterponding
on the gridor

Both of the above reasons

Letds | ook at exarire thevaurfaeerrunadf bghdviors t o

1.11.3 Visualizing Depth Contours

1

2.

3.

In the 2D Grid modul, selecDisplay | Display Options
Turn on the 2DGrid Contours

SelectOK.

In the data tree, rightlick on Depthunder the solution folder.
SelectContour Options

Make sure theContour Methoddropdown box is seto Normal
Linear.
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7. Selectthd. e g e muttah.
8. Turn on the legenDisplay:.
9. Click OK.
10. Click OK.

11 In the properties windownprmally to the right sideof the WMS
screel), a set of time steps appear.

12 In the Properties window on the right side of the WMS application,
click on first time step and use the down arrow key (on the keyboard)
to toggle thragh the time steps. You can see the depth cahtour
varying in coloras thetime steg change

e Z,Si%

i

7
i

it

Jivs

i

SuNRE=;

It is fairly easy to see that the water has ponded on thesgr thecircular
spotson your grid andn the above figure These puddles are the result of
digital dams Digital dams ardocal depressions that exist as a result of a lack
ofa gr i do sresdautioe Yaartldack af runoff is not due to ahot
simulation time but rather due to the presence of digital daBach grid celin

your modelis 90m x 90m or 8100 meters squared, so a large amount of water
can beretainedby eachii d i g i t callandéy oelis flowing to this cell

Since not a lot of water runs off the watershédt ponds in digital dams, this
situation should be fixed to corrette model. Often, when there are many
digital dams, yousimulation will not run to completionThe problem is usually
due todigital dams.These @jital dams are artificial depressions in the 2D Grid
caused by a lack of resolution in both the originaMD&nd the derived grid
Fixing digital dams is the subject tifie next tutorial






CHAPTER 2
Correctin g Overland Flow Probl ems

In the previousutorial, you sawthat the presence digital damscreates
problens with surface runoff iyour GSSHA modelYou will learn how digital
dams can be removed frgraur model.

2.1 Working with Digital Dams

In this tutorial you wil continue working with the same modélyou have
created the project but havealready closed the projectopen
C:\Training\PersonalBasicGSSHAGSSHA basic_ov.prj If you do not
have a proect saved a backup can be opened from
C:\Training\BasicGSSHA GSSHAbasic_ov.prj.

You shouldsave tis project witha different file name so the original project is
unchangedin the 2D-Grid module, selec6SSHA | Save Project fileSave it

as C:\Training\PersonalDigitalDam\
Clean.prj. D Tenain Data
—DE Map Data
i--.@ Coverages

The problem with digital dams is that the water

. v : .. GSSHA
ponds in artificialepressions that result because of G Hyeroioge Tres Data
a lack of resolution. There are two methods to fix . .§8 Hydrologic Modeling T
the digital dams. The first method is to manually B Hudauic Schematic Data

adjust the cell elevations and the second method isT'@ 615 Laers
=-FACgg 20 Giid Data

to use thecleandamtool to automaticallysmooth D@ new giid
. . . . . = qn
the cell elevatins. To quickly identify which cells .03 Index Maps
have digital dams i
[ ...[iz elevation [elev] ]
- | basic_ov

L] Job Contral
fd T Pracinitatinn
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Click onthe elevation (elevilatesetin the project explorer und@D
Grid Datato select it.

SelectDisplay | Display Options

In the 2D Grid tab, turn orDigital Dams

SelectOK. The Grid wil lock something like the following figure.
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ter visualize why these cells are digital dam cells:

SelectDisplay | Display Options

Selectthe 2D Grid Data item from the list. Wder theCells toggle
box, select theBlockedcells option

If not alrealy on, turnon the2D Grid Contours

Click on theContourOptions button.

Under theContour MethodChooseColor Fill.

Click OK.
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A Display Options g‘
20 Gid |
Hydrological Modeling Data o |+ I Nodes ==+ I Weltland Cells
i :lzp:a;der o ¥ Celis -] [ Lake Cells, Minimum Area

2973:; Rt  Smoothed =] I Lake Cels, Inial Area

e  Blocked || T Lake Cells, Masimum Area
——|+| ¥ GiidBoundary (| 7 FloiVeciois
——I+| ¥ Embankment Edges o |-| # DigtalDams
rrrrr +| I Inactive Cel

nactive Lels +| ' Stieam Boundaries

2] T windces ¥ Contors  Options...
2aBb| > [ Elevations T 7

AaBb~| [ Active Scalars
Z magrification: [50.0
Background color: |~ Al off Allon

Change XOR Color: =3[~
Change Inactive —p

Coverage Color
Help... Cancel
Depth Contour Options E|
Contour Method |+ Contour Interval

<] || [NumberofContows =] | 2=
Use Color Ramp vl Color Ramp... "apulafe Valu ] Popudate Color |

Start Value | End Value | Color .
i~ DataRange - A8} 0.0 {0ms 3
Data set: Depth 2 |0016 0.032
Data set Timestep |3 |0032 | 0048 |
Min, (0000014333393 0.0 4 |0048 0.084 7
5 |0.064 0.08
Max: (0310775011777 (0.0 T B |2

™ Specify arange

v Fill continuous color range

- Transparency
Me | ¥ Fill sty ‘ Transparent %: |0 A
Legend... ] Hold Bphon I Label Options... I

oK J Cancel I

Turn on theFlow Vectors
Click OK.

Use the Rota@ , Pa@ﬂ, and Zoon_cdtools to look at a digital
dam cell.
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The blackdots denote the digital dam cells. The arrows indicate the preferred
GSSHA overland flow paths (remember that GSSHA only flows in one of four
directions (left, right, up, down from each cell). The cells with all four sides
marked as pointing inward are dlged as digital dam cells. The blocked cells
display option further helps to illustrate this. You can usebikplay | View | Z
Magnification option to enhance the z scdtey adjusting the Z magnification

to a value of 10.0) Notice that digital dam fations are at low points in the
grid.

2.2 Manually Adjusting Cell Elevations

You could adjust cell elevations manualy to make the water flow in an
appropriate direction. Howevethe number of digital dams in this model is
typical and manual adjustment wolle tedious. You wil edibne or two of
thesedigital damsby hand and then use some automated tools to speed up the
processof removing the low points

Occasionally only the digital dam cellhaveto be adjustedout usualy one or
more neighboring cBImust also be adjusted to remove digital dams

To adjust the elevation of a cell, click on the .ced the WMS properties
window,t here is an edit field with the cell

1. In the display optionschange the following so thaby can see the
elevation of surrounding cells and flow direction in each cell.

1 turnonthe display oElevations
1 turnonFlow Vectors
1 Change the DEM contour methodrtormal linear
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2. Select thePlan ViewbuttonLﬂr and

3. Select thezoomtool and zoomin to any one of the digital damso that
the cell with digital dam and surrounding cells are clearly visible.

Digital Dam 1 1 1 h

NS Wi

S~

 ARLE. RIS

- -
R e

4. Switch tothe 2d Grid Module and ®lecta cell with a digital damand
increase its elevation in such a way that flow occurs fitusncell to
surroundng cells. It might take few trials. You might end up removing
the digital dam from this cell but create a new oper downstream of
it.

5. Oncethe digital darms arefixed by changing theell elevationsyou will
need to right click theelevation dataset in the Project Explorer
Window (under thenew grid 2D grid) and select th&et as Elevation
option Doing this will permanently update the elevation data.

6. After you have manualy fixed a few digital dams, go to the display
options and turroff the display ® ElevationsandFlow Vectors.Then

selectthe Frametool % to zoom to full extent.

2.3 Using Cleandam to Fix Digital Dams

Manually adjusting cell elevations works fine Bosmallareawith a few digital

dams or if there are one or two particularly troublesafigital dam cells in a
larger watershed model. It quickly becomes tedious, however, when there are
hundreds of digital dams. This is wiBleandamwvas createdCleandanmuses

a stochastic search process to find the best path from the digital dam to a lower
elevation. It does this by starting from the digital dam and randomly searching
from cell to cell until it finds a lower cell elevation. A cost function is then
calculated which is the difference between the current cell elevations along the
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path and ariear sloping path from the digital dam and the cell with the lower
elevation.

To runCleandam

1. SelectGSSHA | Clean Digital Dams

2. You should now see cleandam running in the model wrapper. When it
is done seledflose

3. If you stil see any digital dampresent, youcould manualy adjust
them.

2.4 Save and Run the Model

Once done cleaning the digital dams, save the projecC:8&aining\
PersonalDigitalDam\clean.pr;.

1. SelectGSSHA | Run GSSHA Turn off theSuppress screen
Printing option.

2. SelectOK.

3. You cansee the time steps being computed and discharge at each time
step in the modasd wrfdmper.he Cloinpplutiat
complete.

2.5 Visualizing Overland Flow Results

2.5.1 Visualizing Hydrograph s

In the 2D grid modul, c | i c IseleotrHydtobrapb ﬁotm and

double click on the hydrograph icEE: near the watershed outl&ince digital
dams have been removed, yoondel should have produceabre runoffthan
the previous model

1. Right click on the hydrograph plot and chodgdew Valueswhich will
disphy the hydrograph ordinates and corresponding times.

2. Select the data und&tow column, right click and then seleCbpy.

3. Openthe spreadshedt:\Training\InitialGSSHACanparison.xlsand
paste the hydrograph ordinates under the coldomected Grid

4. Pasteyour datain the white areasf the spreadsheenly and compare
the plots before and after correcting the digital dams by selecting the
Initial_Correctedtab in the spreadsheet
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5. See the following plot which compares the hydrograph before and after
fixing the digital dams. Is your plot similar to tt{st least of the same
magnitude?

6. In WMS, dose theHydrographplot window after you are done

Comparison between Initial setup & Corrected Grid

2500

Time (Mins)

2.5.2 Visualizing Summary File

1. Underthe GSSHA modefolder, you can se®ne or moresoluions. If
you have been working with the same model frdm previous
exercise, you might have two or more solution foldegs. to the
solution folderwith the nameclean(GSSHA) See the following figure:

-8 clean
L) Job Contral
L) Precipitation
<& G55HA
Multiple -l Index Maps
solution folders Unifarmn
=/l Continuous Maps
elevation [eley]
- =) basic_ov [G55HA]
depth
B Summar File Look at this
[=] clean [GSSV .
i depth solution
B Surnmary File
B Outlet Hydragraph
O 20 Scatter Data

2. Open the summary file and
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9 Compare the amount @vater remaining on the surface
1 Volume of discharge

You should have noticed thdiet volumeof water remaining on the surface
has significantly reduced as compared to the previous simulation where the
digital dams were not fixedn the previous simulatip nearly all of the
rainfall remained on the surface and there was very little discharge. In this
simulation, much of the water was converted to discharBeere is stil
some water remainingn the overland cells because this modeés not
haveinfilt rationor streamgurned on

3. When you are done you can close shenmary file

2.5.3 Visualizing Depth Contours

1. Inthe 2D Grid modul, selecDisplay | Display Options
2. Turn on the2D Grid Contours SelectOK.

3. Inthe data tree, rightlick on Depthunder thesolution folder.
4. SelectContour Optiondrom the popup menu.

5. Under the Contour Method selectColor Fill. SelectOK in the
Contour Optiondialog to save your changes.

6. Now in the project explorer, click oepth to select it.In the
properties window (tahe right side), a set of time stepppear. Click
around on a few time steps.

7. Look at the depth contasitoward the end of the simulation to see if
water is pondingn some part of the watersheld it is, then you can
adjust the elevations manualynd ty re-running the simulatioras
described above

What differences do you sedn the results before and after fixing the digital
dam®



CHAPTER 3
Infiltration

Infitration is a key pocess in a rainfall runoff model and to this pgiot have
not simulated it sincg/ou were learning other concepts and you shtwgd
make surethe overlandlow processunscorrectly During this tutoriglyou
will set up the inputs needed for tlereen & Ampt with Soil Moisture
Redistributionmodel.

Keep working with the modefiu have been developindf you are continuing
from the last tutorial then you can skip the first two steps which open your
model (or the backup saved in case you havelgr®) and go to step 3 below.

1. Inthe 2D Grid Moduleﬁ selectGSSHA | Open Project File.

2. Browse and openthe file C:\Training\PersonalDigitalDam\
Cleanprj. If this file does not exist or is incorrecipu may open
C:\Training\DigitaIDam\Cleanprj.

3. Save this project witha different name so that the original project

remains unchanged. Sele6SSHA | Save project Filand savehe
projectasC:\Training\Personal Infiltration \Infiltration.prj.

3.1 Index Map Setup

Describing the spatial variabilty of almost parameters is doney setting up
an index map anthen assigning parameter valuestmapping tableAn index
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map is a grid of ID number®arameter values can be assigned to each index
mapID number in theprojectmapping table. Index maps are geneamd may

apply to any number ahappingtables. Each table lists the name of the index
map associated with the table and all the IDs that the index map (should or
could) have, along with parameters for the.IDs

In this tutorial, youwill use a soil typeshape filefrom the NRCSSSURGOsoil
database to create a soil type index mém wil learnto perform ecessary
join operationgo derive infitration parameters from SSURGO soil data

3.2 Create Soil Type Coverage

1. Rightclick on the Coveragedolder in the project explorerand select
New Coverageé .

2. Change the&Coverage Typéo Soil Type

3. SelectOK.

3.3 Import the Soil Data

1. Rightclick onGIS Layersn the project explorer

2. SelectAdd Shape file DataBrowse and operC:\Training\Raw
Data\ JudysBranchSSURGOSoIRaw\Spatiaksoilmu_a_il119shp.

3. Right click on soilmu_a_il119shp in the project exploreand select
Open Attribute Tableln the attribute table, noticthat there are no
soil parameters other thdUSYM and MUKEY assigned to the soll
polygons. SelectOK to close theAttributesdialog.

4. Right click onsoilmu_a_il119.sh@and selecfoin NRCS Data.
5. Togglethe Fill blank valuesandCompute Hydraud éoptions on.

6. Leave the fields to fill (i.e. B and Silt loana)s is displaye@nd click
OK. After the join is comjgeted, youmay check the attributes taltg
right-clicking on soilmu_a_il119.shpand selectingOpen Attribute
Table notice thathe attributes are mojoined to the shape file.

Now we can convert the shape fileatooverage

7. Rightclick on theGSSHAcoveaage and selecZoom To Layeto set
the current view so you are zoomed to your GSSHA model.
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8. Click onthe Soil Typecoveragein the Coveragedist to make it the
active coverage.
9. Select thesoilmu_a_il119shp GIS layer by clicking on it. This will

changethe active module to th81S moduk%a.

10. Click the Select shapes toX and drag a rectangle arouf@hd a
little outside)the watershed to select the soil polygons that overlay the
watershed.

11 In the GIS ModuleselectMapping | Shapes> Feature Objects

12 Sekct Next Notice that the fields should bemapped properly. Click
Nextagain.

13 SelectFinish and wait for WMS to convert theselected shape®
feature objects ithe map module

14. You maynow delete the shape file under GIS LayeRight click |
Deletd since you are done with it.

15. Toggle off the display ofthe Soil Type coverage sthe WMS display
will updatefaster.

3.4 Creating an Index Map from Soil Data

Now you cangeneratean index map out of the soil type coverage.

1. Switch to the2D Grid Module E
2. SelectGSSHA | Mapst

3. For thelnput coverage (1)use theSoil Typecoverage. Do not use a
second GIS data source.

4. Make surethe Coverage Attributs setto Texture

5. Change the Index map nameSoilType

6. Click on the Coverags -> Index Map button It might takea few
moments tdouild the Index mapbut when it does you will see the grid
display updated and th8oilTypeindex map listed under the Index

Maps folder in the project explorer

7. SelectDone

3.5 Creating a Mapping Table from the Index Map

Now you can define IDsbased on youtSoilTypemap in your infitration
mapping table and assign infitration parameters to each ID
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6.

7.

In the 2D Grid Moduleﬁ selectGSSHA | Map Tables
Select thdnfiltration tah

SelectYesto open theJob Controlwindow so you can turn on the
simulation of infitration for your GSSHA model.

Under thelnfiltration heading,select theGreen + Ampt with soil
moisture redistributioroption.

Select OK.
In the Using Index Mapdrop down boxgchooseSoil Type

Click onGenerate IDsutton

The Generat IDs buttonshould havecreatedsomelDs, among which 1D4L5,
17 and 18may exist You can see the soil texture name in Erescriptionl
field below each ID. You wil now define infitration propertiesfor each of
these soail textures

8. Using the following &ble, enter the values for each soils type
Parameters Igle?r?] Silt loam Si:ga(r:rllay
ad1sy | (910 1 (418

Hydraulic Conductivity (cryir) 0.2 0.68 0.2
Capillary Head (cm) 20.88 16.68 27.3
Porosity (m\m®) 0.464 0.501 0.471
Pore distributin index (cricm) 0.242 0.234 0.177
Residual Saturation (m®) 0.075 0.015 0.04
Field Capacity (fAm?) 0.318 0.33 0.366
Witing Point (n\m°) 0.1 0.1 0.1

9. Switch tothe Initial Moisture tah

10. In the Using index mapdrop downbox, select theSoil Typeindex

map

11 Click onthe Generate ID<utton.
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12 Enter Initial Moisture values of 0.15, 0.1 and 0.2 for Clay loam, Silt
loam and Sitty clay loam respective§he initial moisturevalue must
always bdess tharporosity.

13 Click Done
14. Save your projecasC:\Training\Personalinfiltration \Infiltration. prj.

15 Run the modelusing theRu n G S Sdinma@nd in theGSSHA
menu

3.6 Running the model and Visualization

You can see the volume infitrated or volumedafcharge and other summary
valuesby opening the summary file.

1. In the data tree, under tHafiltration solution, doubleclick on the
summary fileto open the file If your Clean solution is stil open,
doublec I i ck on this solutionds summary

2. Find the following values ineachsummary fileand comparé¢he valies
with each other:

9 Volume of infitrated water
9 Volume of discharge
9 Volume ground water recharge
1 Volume remaining on surface
1 Mass conservation error
3. Doubleclick on theOutletHydrographto view it

4. To export the hydrograph ordinatesao Excel spreadsied, right click
on the hydrograph plot and chodéew Values

5. Selectall the Flow data valuegight click and selecCopy.

6. Openthe spreadshed:\Training\InitialGSSHAComparison.xlsand
paste the hydrograph ordinates under the colWith Infiltration-
Flow (CFS) Pasteonly the data values (no text) and paste ytauain
the white areas only.
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7. Visualize the difference in outflow hydrograph in the two modédsir
plot may besimilar to this:

Comparison of outflow hydrograph with and without streams

4000
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Flow (GFS)
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You should have noticed that thegk flowandthe runoff volume have
significantly decreasedome of the rainfall should have infitrated into
the soilwith the infitrationoptionturned on.

8. In WMS, dose the Hydrograph plot window after you are done
comparing the infitration plot wi the plot from the model without
infiltration.

3.7 Defining variable surface roughness

So far inyour modelyou have set up uniformvatershedoughness, uniform
precipitation and variable infitrationparametersYou wil now setip spatially
varied roughnes coefficients. Setting up noruniform precipitation wil be
coveredn alaterworkshop

You will be using a land use GIS file to creatrindex mapthat wil be used
with the roughnessappingtable.Using land use data to create an index map
for rougmess makes your model more closely representwedd conditions
since your modetan usebotha land usemap to describe watershed roughness
and a soil type map to describe watershefitration. Before the modelis
complete, youwill consider howland use affects infitratiorand adjust the
infittration parameters based on a combifsedl use/soihdex map

Continue working on the moddan the previous sectiorif you have already
closed the model theopen your savedhodelor the backupnodeland sae
your model as a new project.
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In the 2D Grid module ﬁ selectGSSHA | Open Project Filelf it is

not already open, browse and operthe file C:\Training\Personal
Infiltration \Infiltration.prj . If you do not havehis project file saved

you may operC:\Training\Infiltration \Infiltration.pr;j

Save this project witla new nameusing GSSHA | Save Project Fie

that the original project remains unchanged. Save the new project as
C:\Training\PersonalRougnes&Roughness.pr;.

3.8 Using Land Use Data

1

11

12

13

14

Right-click on Coverages folder in the project explorer and séleet
Coverage

Change the Coverage Typeltand Use.Click OK. Y ou shouldhave
three coverages: GSSHA, Soil Type and Lbise

Right click on theGIS Layersfolder in the project explorer and select
Add shapefile data.

Browseto the folderC:\Training\Raw Data\JudysBrancihLanduséa
and open the fieBelleville.shpand StLouis.shp

Right-click on theGSSHAcoverage and seleZbom To Layeto set
the current view so you are zoomed to your GSSHA model.

Click on the Land Usecoverage in th&€€overagedist to make it the
active coverage.

Select theBelleville shp GIS layer by clicking on it. This will change

the active module to th&IS modult‘%.

Click the Select shapes tod_T and drag a rectangle arounchdea

ittle outside) the watershed to select the soil polygons that overlay the
watershed.

In the GIS Module, seledflapping | Shapes> Feature Objects

. SelectNext Make sureLUCODE is mapped te.and Use Click Next

to accept the attribute mappings.

Select Finish and wait for WMS to convert the selected shapes to
feature objects in the map module.

You may now delete both shape files un@ds LayerqRight click |
Deletd since you are done with them.

Toggle off the display of the Land Use coverage soiéS display

will update faster. If your Soil Type coverage is displayed, you should
also toggle off the display of this coverage.

Select theGSSHAcoverage to make this the active coverage.

3.9 Creating an Index Map from Land Use Data

Now you can make an irek map out of the land use coverage
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wnN

No M

Switch to the 2D Grid MOdL,E.

SelectGSSHA | Mapg

In thelndexi Grid tah for thelnput coverage(1) use theLand Use
coverage. Do not use a second GIS data source.

Set coverage attribute Id.

Change the Index ma@ame td_andUse

Click onthe Coverags -> Index Map button

SelectDone

Under the2D Grid Data folder in the project explorgou will notice that there
are now three index maps listéthiform, SoilTypeandLandUse.

3.10 Creating a Mapping Table from Index M ap

When youselectthe land use index map, thiisplay shouldshow gridcells
colored in several colors representing the diffelmd uselDs of the polygons
that were mapped to the grid cells. Nepdu will assign the Land Use index
map to the roughnestable and set up roughness values for each of the IDs in
the Land Use index map.

AW

c

I

SelectGSSHA | Map Tables
Select theRoughnesgabif it is not already selected.

Undé&siag i ncdheoxosmapthe ALand Useo
Cl i c IGenerate IDs . éswlek asked to delete the selected
processo® existing | Ds.

Fill out the Roughness values according to the table below. To enter a
roughness value for an ID, highlight the surface roughness box below
the ID then edit the roughness value. (You may also thd
descriptions if you wish, however you should leave the original polygon
ID description as is.)If one of the roughness values does not show up

i nde
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in your mapping table, just define roughness parameters for the values
that show up in the mapping table.

ID |Description Roughness
11 |Land ID #11, Residential 0.011
12 |Land ID #12, Commercial Senices 0.012
14 |Land ID #14, Highway 0.011
16 |Land ID #16, Mixed Urban or Built-Up Land 0.011
21 [Land ID #21, Cropland and Pasture 0.035
23 [Land ID #23, Confined Feeding Operations 0.035
41 |Land ID #41, Deciduous Forest Land 0.100

6. Once you are donentering the roughness valysslectDone
7. Save your projecasC:\Training\PersonalRougnes¥oughness.prj.
8. Run GSSHA.

3.11 Visualization

After GSSHAsuccessfully runsopenthe outflow hydrograph.

1. Doubleclick on the outlet hydrograph to bring up the hydrograph plot.

2. Right click on the hydrograph plot and chodew Valueé

3. Select thevaluesunderthe Flow column, Right Click and sele&opy:.

4. Openthe spreadsheeZ:\Training\Initial GSSHAComparison.xlsand
paste the hydrograph ordinates under the colvith Roughness
Paste your data on the white areas only.

5. Visualze the difference inthe outflow hydrograph (under the
W_WO_Roughnegab)in the two models.

6. Close theView Valueswindow and theHydrograph plot window in
WMS after you are done

Comparison of outflow hydregraph with & without overland roughness & Modified for Land
use

700

——Without Roughness
——With Roughness

600

N
N

Time (Mins)

Flow (CFS)
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3.12 Creating _a Combined Index Map

You will now adjust the model to take into accotime effects of land use on
the infitration parameters. The valugsu have been using from Rawls and
Brakengek are forfbare earth and do not account fdhe effects of land use
For instance cropland withsandy soiland the concreteparking lot buitt on
sandy soilwil obviously have differentfi e f f e iofitration eades In this
section you wil see how you can determine the effects dand useon
infittration in a GSSHA model

You wil continue with the model you have been workorg The first thingyou
will start with is to createa combined index map which wilse both the soil
andthe land usecoverages

1 SelectGSSHA | Mapsé
2. Inthe GSSHA Mapslialog, select the following:
Input Coverage (1)Soil Type
Coverage attributeTexture
Check onlnput coverage (2and select.andUse
Coverage attributeld
Index mamame:Combined
3. Click onthe Coverages> Index Map button. WMS wil computea
new index map whiclspecifiesa unique ID for each combination of
land use and sdype.
4. Click Doneonce the calculation is complete to close @&SHA Maps
dialog.
5. Now you carsee an index map which should look something like this

R
=

g FH B
: F 4
f
3 i
EabtE } 3
e H S A T i
EHHEHE B e

6. Nextyou wil define the infitration parameter®r this combined index

mapin the infitration mapping tableSelectGSSHA | Map Tabl esé
7. In the GSSHA Map Table Editpswitch tothe Infiltration tab. For the

Using Index magdield selectCombinedand click onthe Generate

IDs button. ClickYesto deletethe existing IDs.
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8. Severalfields are added in the table These fields showall possible
combinations of land use and soil type present in the sladr

The infitration parameters listed the Rawls and Brakensiek table represent
the bare earth soil infitration parameteHowever you have generated a
combined index map thabmbines the effectsf land use and soil covefhe
mapping table forhis index map should accouftdr the change in infitration
parametersaused byanduse changes in a watershed

9. In the infitration tab, click orthel mp o r t but@rinlthe Bwer
part of the editor.

10. Browse and ope@:\Training\gsshacmt

Now you ca see the values filed in for all the fieldshese are the values
from standard Rawls and Brakenseik table. You wil need to modify the values
as follows:

11 The values foRoughnesandinitial moistureare correct, you do not
need to edit those.

12 Switch tolnfiltration tab and eplacethe values in the upper two rows
(i.e. for Hydraulic conductivity and &pillary head) with the values in
the following table.

Note: Only the Bold faced numbers are changdéem the Rawls and
Brakensiek values. The resttbk parameters arthe sameas the values from
standard GSSHA.cmt (Rawls and Brakensiek) table.

1 2 3 4 5 6 7 8 9 10 11 12
Siltloam | Siltloam Silty clay Siltloam Silty clay | Silty clay Siltloam Silty clay | Clay Siltloam Clay Sity clay
loam loam loam loam loam loam loam
LandID | LandID | LandID | LandID | LandID | LandID | LandID | LandID | Land ID | Land ID | LandID
#21 #11 #21 #41 #11 #41 #14 #14 #16 #16 #21
0.5 0.1 0.15 | 0.6 0.05 (015 (01 0.05 |0.05 |01 0.1 0.1
1768 1668|273 |16.68|30.1 |27.3 | 16.68| 301 30.1 |16.68|23.25| 294
0.501/0501(0471({0501({0.471|0.47110.501|0.471)|10.464|0.501(0.464|0.471
0.23410.234(0.177(0.234( 0.177| 0.177] 0.234| 0.177]| 0.242| 0.234 | 0.242 | 0.177
0.015]0.015(0.04 [ 0.015({0.04 | 0.04 |0.015|0.04 |0.075|0.015|0.075|0.04
0.33 | 0.33 | 0.366|0.33 [ 0.366|0.366 | 0.33 | 0.366|0.318| 0.33 | 0.318| 0.366
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

13 Once you have filled in the values, cliblone.

14. Save the GSSHA project as C:\Training\Personallnfiltration \
UpdatedInfil.prj

15. Run GSSHA.

16. Open the outflovhydrograph.

17. Right click on the hydrograph plot and chodew ValuesSelect the
hydrograph ordinates, right clicknd selectopy.
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18 Openthe spreadshed®:\Training\Initial GSSHAComparison.xlsand
paste the hydrograph ordinates under the colwtodified for
roughnessPaste your data on the white areas only.

19. Compare the results you get here with the results from your previous
simulation where you did not modify the parameters based on land use.

20. Close theView Valueswindow and theHydrograph plot window in
WMS after you are done

Comparison of outflow hydrograph with & without overland roughness & Modified for Land
use

1400 ——\Nithout Roughness

= \Nith Roughness
Modified for LU

1200

1000

800

Flow (CFS)

N

NS
N

0 100 200 300 400 500 600 700
Time (Mins)




CHAPTER 4
Stream Flow

4.1 Adding Streams to a GSSHA Simulation

While there arestreamsin the GSSHA coveragechannel simlation has not
been turned on and channel properties are undefided. define tannel
properties on the stream arcs in WM&u will continue to workwith the
same projectOpen your project or the backup copy if needed and then save
your stream projedb a new fileto get started.

1. Inthe 2D Grid moduhﬁ selectGSSHA | Open Project File

2. If you saved your project in the last workshomvisseto and operthe
fle C:\Training\Personalinfiltration \UpdatedInfil.prj. If the project
was not saved, you maypen this file C:\Training\Infiltration \
UpdatedInfil.prj.

3. Save this project file witha different name sahe original project
remains unchanged. Sele6SSHA | Save project Filand save as
C:\Training\PersonalStream4&stream.prj

In WMS, the tools for wrking with 2D grid data are in the 2D Grid module.
The tools for working with the stream data are in the Map module. In order to
set up the stream model four things must be done:

Set thestream arcs to a GSSHA stream arc type
Define thechannel cross sdoh geometry
Define thechannel thalwegs

1
1
1
1 Turn on be channel routing job control tem
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1 Turn on additional outpubptions to visualizeéhe GSSHA stream
Output

When you originally delineated this watershetteam arcan the GSSHA
coveragewere createdThe® stream arcs, however, are curreatigigned a
generic streanattribute Further the stream densitfhode spacings defined
according to the threshold limit used whenginally delineating thevatershed.
You can manually edit the streaafter the w#ershed has been delineated, but
you should determinghe appropriate stream density when you are first
delineating the watershedou wil see the importance of defining your stream
point densityin the hydrologicmodeling wizard tutorial

H
1. Select theMap Module T .

2 Sel e cSelect Branchii M o |
3 With this tool selected, click
following figure to select all streams

!
#3 #S/J""
S
/L
N #4~
e R
E
[

4. SelectFeature Objects | Attributes

5. In the Propertieddialog, £lectthe fiTrapezoidal Channéltype for the
first row in the table (colored yellowyvhich allows you to define
channel geometry foall selected stream arc(sgee the following
figure.

6. Enter the remainingchannel propertiesh the same first row of the
Properties dialogccording to théollowing table.

Parameter Value
Manning's N 0.07
Channel Depth 3
Bottom Width 5
Side Slope 2

on

t

h €
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.
II‘ Properties L—'S__"hJ

Feature type: |ATCS v| Shaw: |Selected v| Filter using: Column: | Nore -

D | Type | Link/Superlink | Manning'sn | Depth (m) | Bottom widh [m) | Side slope (H:v)

Al | 0.07 30 50 20

2 Trapezoidal channel  « |5 0o? a0 50 20

284 | Trapezoidal channel j 4 .07 a0 5.0 20

285 | Trapezoidal channel j i n0o? an 50 20

548 | Trapezoidal channel j 2 .07 a0 5.0 20

543 | Trapezoidal channel j 1 o7 a0 B0 20

Fl i1 3

Help... Ok, l | Cancel
A [ —
7. SelectOK

So far all the stream arcs in the basin are defined as trapezoidal claamhels
have identicalproperties There are two types of channels ttGSSHA
recognizes trapezoidal and bregboint (derived from actual cross section
geometry) It would be niceto add some variation to our streams to represent
the streams narrowing upstream. To doyhiswill increase thelimensions of
the most downsteamarc.

8. Click onthe Select Arctool E (be sure not to select the Create Arc
tool which looks similar but does not have the arrow)

9. Select themost downstreanarc (#1 in the figure aboveand lect
Feature Objectfttributes

10. Enter the following attribats

, Bottom | Side
Ma nninn| Depth width sope
0.075 3.5 7 2

11 Click OK to close the Properties window

The stream arcs now have defined geometries and are ready to be smoothed.

4.2 Smoothing the Channel Thalweg Elevations

Now that thechannelgeometry for eaclstream arc has been defined, it is
important to ensure that each arc is flowing downhil. Dueheocoarse
resolutionof the DEM data, stream arcs wdften have segments that flow
uphil, which causes digital danis the stream networkTo avoidthis problem
you shouldlook at the stream profie and modify ts&reamnode elevations
until each arcsegment goeslownhil in the upstreardownstream direction
First, however,you shouldredistribute the vertices on the arcs to a more
manageablespacing since by default stream nodeswvere createdat the
resolution of the original DEM, which &pproximatelyl0 metes.

1. Select theMlap Module *,
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&~ w

5.
6

If the Model combo box on the X)Y,Z edit bar is ns  imagss CAD  todels
set to GSSHA, change it to GSSHA now.

o

Click on theSelectFeatue Arc Branchtoo,m".

Click on
previous figure.
SelectFeature Objects | Redistri

t he

st r e &omths

bute.

Al

1.wp

Maone

Hone
CE-GILUAL-W 2

Storm Drain
Storm Drain-FH WA
River Tools

D
et

Type 90 in the box next t8pacing check the option t&Jse Cubic

Splineand clickOK.

The node spacing on the arcs is r@@outsimilar to the grid sizeYou should

now smooth the thalweg elevatioly selecting continuoushannel segments

until all channel segmentsave been smoothed.

7.
8.

0.

model where they do not exist natlyaM/e wil mitigate this problem by

Select theSelect Arctoo.

abel ed

Select arc # 1 as shown on the figure above, and while holding down
the shift key, select stream aft #03so this continuous channel
segment is selected with no branches.
With these streams selected selB&8SHA | Smooth Stream Arés
In the Smooth GSSHA Streams dialog you will see a profie of the arcs you
have selectedNotice that while the segment has a general downward trend, in
some places the streambed is significantly adverse. Whie GSSHA is able to
handle adverse slopes, it is not desirable that adverse slopes should be in the

making slight changes to the node elevations along the segment.

.

Frofile of selected anss

x|

Click and drag to
Girid cell

160 kM Cell elevation: 130.2000

Smoothing options

zoom. Select point and drag to move the

paint. Right-click for mare options.

Strsam elevation | 1235453

[ Smecth strzam elevations tw smocthed gid | [ In

terpolale stream clevations |

[ Redistibute vertces...

] [ et stream elevation val

Juefs) from smoothed arid

[ Usethalweg data

J

Offset stream elevations by

constant ]

Help

10. Se | e c intergolate strédam elevations butt ons
needed(probably 1615 times)to generate a smooth stream segment

with no uphill flow, then clickOK.

as

11 If uphil flbw cannot be eliminated in this manner, yshould edit
individual points by dragging the point to a new position or editing the

val ue i n

many

t hStrearn elevationedx tBet ce sipeci al |y

c

t

-

C
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make sure the nodes nextttee outletdo not create adverse slape
Moving nodes manualy and selecting thaterpolate stream
elevationsbutton is an effective way of eliminating any adverse slopes

in your stream segments.

12 You maydraga boxto zoom into anyareawhere you want nre
detail Other optionsfor modifying the stream plot display can be
accessed by aght click menun the stream plot window
13 After you have finished smoothing the streams and removing any
adverse slopeslick OK to close thesmooth GSSHA Streaulialog
Once the stream segment you have selected is smooth, select a new stream
segment or combination of segments to smooth. Repeat the smoothing process
outlined in steps 8 througt8 until adverse slopes have been removed from all
stream segmenin the basi. After removing adverse slopegur streams are
now ready for use in the GSSHA model.

Before saving the modehe stream routing option must be turned on in the Job
Control dialogior GSSHA to run with thdD stream flow option

Options

1. Inthe 2D Grid Moduleﬂ SelectGSSHA | Job Contra?

GSSHA Output Control 3

Gridded data sets

Data type: | Other w

[ Distributed rainfall intensity
v Surface depth

I Curnulative infiltration deptt
I Infiltration rate

I~ Suface soil maisture

[ Groundwater elevations

[~ Sediment flus

™ Sediment deposzition

Wwrite frequency:. (15 [rnit)

Output unitz: () Metic (zms)
(%) English [cfs)

Link / Mode data sets

[ Channel velocity [avg)
I~ Sediment flux
™ Sediment deposition

[ Contaminant flux
™ Contaminant uptake
I Flood [max) depth
[ ‘wiater surface eley

I Pipe fow
I Cantaminant flux b I~ Pipe rode depths v
£ b < S
Wwirite frequency
Wwrite frequency: (15 [min]
Gridded data set ouput format
() Bimary [OF3:4al () GRASS () =MDF
Hudrograph Other

Suppress screen printing
[ Strict Julian dates

[ [1]8 ] [ Cancel

]

N

UnderChannelrouting computation schenslectDiffusive Wave

3. Click on Output Controland toggle orChannel DepthandChannel

Flow and selecOK.
Click OK.

&

5. Save the model &:\Training\Persamal\Streans\stream.pr;j
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4.4 Running the model and viewing the outflow hydrograph

1. SelectGSSHA | Run GSSHASelectOK to run the model.

2. After the simulatiorhas finished runningpen theSummaryfile. View

and comparehe totalamount ofdischarge Final volumeon surface,

final volume in channels, infitration, and other parametelfs the

channel profile is nasmoothed correctlyou wil seea large amount of

water trapped in the channeClose the summary file and return to

WMS.

Open theoutlet hydrogiaph.

Right click on the hydrograph plot asdlect View Values. Then select

and copy thdlow values

5. Openthe spreadshedZ:\Training\InitialGSSHAComparison.xlsand
paste the hydrograph ordinates under the coMith Strears (under
the Data tab). Paste youdatain the white areas only.

6. Visualze the difference in outflow hydrograplioetweenthe two
modelsin theW_WO _Streamgah

7. Close theView Valueswindow and theHydrographplot window in
WMS after you are done

s~ w

Comparison of outflow hydrograph with & without streams turned on

4000
3500
[\
2500
o
1500
1000 / \
\
500 /
s —
0

1] 100 200 300 400 500 600 700
Time (Mins)

= Without streams

—With streams

Flow (GFS)

4.5 Visualizing St ream Flow Data

While the streams are connected to the overland flow plhegrepresent a
separate but couplethodel. Thedepth and flow outputs from this stream
hydraulic model are i format called the lifkode data set format. These files
hold a daa value for everyode (arc segment) of eveliyk at the same time
step as that for the gridded output datevo of the most common files in this
format are the channel depth file (*.cdp) and the channel discharge fie

(*.cdq.).
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These streamdata sets caie visualized in WMSYou can create depth
contours, flood histogramer a movie of how these values vary with time. In
this tutoria) you will see some of #sse WMS visualizationtools

4.6 _Changing Contour Properties

1

2.

In the project explorer (near the both, under2D Scatter Dataclick
onthe Streandepthdataseto select i.

SelectDisplay | Display Optionsin the 2D Scatter Datavindow,
toggle off the display of symbols atmbgle on the display d@ontours
and click onOptions

Change theContourMethod toColor fill and clickOK.

Stream depth Contour Options

Contour Method Cortour [nterval
Murnber of Contours w 20 %
Usze Color Ramp v
Start Value | End Value |D:-Ior ”~
1 |00 0.38 i
Data Range |
[rata zet: Stream depth 2_ 0.33 0.78 -
Data set Timestep 3 |07E 1.14 -
Mirg (0.0 0.0 4 |14 1.52
5 152 19
Maw |7.25101 0o £ |13 298 3
[ Specity a range Fill continuous color range
Transparency
Transparent %: |0 3
Label Options...
T

Changethe Radiusfield to 15andZ-magnificationfor the contours to

1.

On the left side of the dialog, set tharagnification to §This sets the
Z-magnification for all your data while the Z magnification under the
scatter point options only sets the-nZagnification for scatter point
contours)

Select2D Grid Dataoption in the list. Make sure th&ells option is
set toSmoothed.

Click OK.



4-8

GSSHA Modeling Using WMS i Volume 2

[4] Display Options ==
e Drawing Grid Scatter Paint
‘39 Lighting Options
Hychological Modeling Data 7] Symbols

N
_!L Map Data Ak | *| (2] Numbers
‘i Display Qrder
E 20 Grid Data AaBk| 7| || Data Set Values
2D Scatter Data 7| Contours | Options Radivs: 15 : 7 magrification: 1.0
@ 615 Data

Z magnification: 5.0

Background colar: [ | Al off ‘ | Alon

Change »0R Calor: |-

Change Inative =

Coverage Color: —u

8. Click and selecthe fRotat® to Then rotate the watershed by
using the left mouse click so thathe display isas shown in the
following figure (Usethe middle button on the mousfeyou need tgan
the displaywhile the rotate tool is selecfed

9. Now click onStream Flowin the project exploreito select and toggle

throughdifferent time step# the Propertieswindow at the right side

of the WMS main window.As you cycle through the time steps, you
can seecylinderdiagrams representirige dischargdélood wave along

the streamsYou can also see the depth contours aldmg 2D
overland flow plane and view the effects of overland depth on stream
flbw as water enters the streams. Viewing the 2D overland flow and
the 1D stream flow in this way should give you a clearer idea of the
coupling of overland and stream flow in GS&H
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CHAPTER 5

Developing GSSHA Model Using
Hydrologic Modeling Wizard in WMS

Because you may not use the modeling tools on a day tbadasy it can be
difficult to remember thestepby-step processes you must go through to
develop a hydrologic modekingWMS. The Primer on the GSSHA wiki is an
excellent reference to help you remember the process, but the WMS interface
also includes dydrologic modelingwizard to help guide you throughe basic

model setup processThe wizardalso streamlines and improves some of the
processes/ou went through in the previous tutorialwo processes that are
streamiined by the wizard are thmoothingof stream channels prior building

the 2D grid andthe creation of index maps from commonly availaG¢S
shapefiledata.

In this tutorial,you will create a GSSHA modelith the Hydrologic Modeling
Wizard using data in the area dPark City UT. This malelwil use the same
basic simulation option@D overland flow, infitration, and 1D stream flow) you
have just set up in the previous tutorials and wil serve as a review of what you
have learned so farThe rawdata forthis Park Citymodelcan be found at
C:\Training\Raw Data\ParkCity.

5.1 Starting the Hydrologic Modeling Wizard

1. Open a new instance of WMSf you havestarted WMSprevioudy,
close it and restart WMS.
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Click on the fHydrologic Modeling Wizarad b u R onnthe
bottomtoobar of the WMS interfaceto startthe Hydrologic Modeling
Wizard This wizard wil guide you through thbasic set up of a
GSSHA model(or any other hydrologic model supported by WMS)
You canstart atthe beginningof the wizardor jump in and out at any
step as neededAll of the WMS menugools work while the wizard is
open though you may have to moviee wizard windowaside to see
the WMS windows

Project Filename

Project Filename

Define Project Bounds
Watershed Data

Download Data (Web Service
Read Data (Catalog)
Compute Flow Directions and
Choose Outlet Locations
Delineate Watershed

Select Model

Define and Smooth Streams
Create 2D Gnd

Job Control

Define Land Use and Soil Dat

Browse for project filename

| C:\July2010Trining'ModelingWizard\ParkCity. wms

Save

Hydrologic Computations
Define Preciptation
Clean Up Made!

Run Hydrologic Mode!

Help < Back Mext > Close

Click on the Browse button - to specify the project name and
location to save. EnterC:\Training\PersonalModelingWizard
Parkcity.wms as the project namand clickSave

Click on theSavebutton in the wizard.

5.2 Defining the Project Boundary and Coordinates

1

In the modeling wizard, clickr

Current Projection

Nextto go to theDefine Project
Boundsstep of the wizardHere
you need to define youproject
coordinates and project bounds.

Click on the Define button under et Propoion.
Project coordinate system Curent Tl e
Setthe Projection and Daturto || Poeefr =120 -
be UTM NAD 83 Zone 12and || .ica

set the horizontal and vertical| Frojsstion (NAVD 88US) <]
units tometers Setthe vertical || ynis [Meter

projection toNAVD 88 (US)rd
click OK.

Harizantal
Local projection

Units:

@ Global projection

-] I

[

K

||

Canecel |
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5.3 Importing the DEM Data

1. Click Nexton the wizard to import watershed data. The data can be
downloaded fronthe web, from catalog fileswith listings of local data
and their boundariesy data can bénportedfrom any locatioron your
computeror local network Hereyou will import the datafrom a file on
your computer.

2. Next to the Open file(s) text in the wizard click on the browse

=

buttor==2 . Open the file C:\Training\Raw Data\Park CitADEM\
ned_35172081.hdr

3. Click OK to verify the dé&a you haveselected and Clickres if
prompted to change the coordinate syst8hkip steps4 and 5 ifyou
are not prompted to change the coordinate system

4. In the coordinate transformation dialdgee beloy, make sure thahe
AConvert F r o mGeogcaphicNAD 834US)kand that
vertical unis are set tameters(use NAVD 88 (US)for the vertical
system) Then if needed,check on theEdit Project coordinate

systemunderthe iNew projectio® o pt i on
Reproject Object E
Object projection Project projection
Specify
Horizontal Horizontal
O Local projection O Local projection
Units: Units:
(&) Global projection (&) Global projection
Current Geographic A Current UTH, NADB3, Meters. ZONE
projection: | [Laitude/Longitude), NADE3, projection: 2120
Wertical Wertical
Projection: NAVD S3(US) “ Projection: NAVD S3(US) “
Units: Meters v Urits: Meters v

5. Setthe New ProjectionHorizontal systento UTM NAD 83 (U$.
Make sure that the UTM zone is 12 atiek vertical systenis NAVD
88 (US) inthe new projectionThe horizontal unitéor both the current
and the new projectionshould be meters. Clic®K and WMS will
convert the coordinates of the DEM from Geographi&DN83 to
UTM NAD 83. After WMS converts the coordinates, you should be
able to see¢he DEM contours behind the modeling wizardhe WMS
main window.

5.4 Computing Flow Direction and Flow Accumulation

1. In the Modeling Wizard, clickNextandNextagain You shaild be in
the Compute Flow Direction and Accumulatigart of the waard.
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2. Set theMin flow accumulation thresholtb 0.2 sq mile.

jons and Accumulations

e

ershed
S\de\

Creste 20 G
Job Cortrol

Hycrologic Compuations
Define Precipiation

jce,

Define and Smooth Streams

Define Land Use and Sl Da

Compute TOPAZ flow data and.
© Wrte TOPAZ files to a temp drectory.
Wiite TOPAZ fies o a specfic diectory.

(& | [Ca\Users\mpaudei\AppData\Local\Temp\WMS_3408

Compute subbasin areasin:  Compuie distzncesin

[ square Mites

Compute TOPAZ

) e -

Min flow accumuation threshold: 0.4 2]

<Back Cose

3 Click

GamputehTepazfi but t on

wh i

ch

Wi

directiors and accumulations and infer the streams base®BM

dat a.

Closar k a one M sare coppletealft youomove

the modeling wizard dialog to the sidé the WMS window you can

see blue lines added to the dispthgit represent areas of high flow

accumulation

4. Click Next on the modeling wizar and SelecCreate Outlet Point

Cese ozt O\ you move the mouse pointer out of the

wizard dialog, it will now change to a small cross hair. Locate the point

where you want the outlet for the watershed tpdse shown in the
following figure and click near adiv accumulation cell at this point to

create an outlet.

ﬁ\sv\w

55 DeIineating the Watershed

i \N(
b\/\\Qutlet Location

=

Wy

1. Click Next on the modeling wizardand click @ the Delineate

Watershedoutton.

2. Your watershedhouldlook like the following figure

com
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3. Save your WMS project by selectifgle | Save ld Replace the
existing file if prompted that it already exists.

5.6 Initiating GSSHA

Click Nexton the wizard dialog and selgbe desireanodel to beGSSHA
in the drop down box and clidkitialize Model Data

This generates the basic paraemstnecessary for GSSHANotice thatthe
Drainage coverage inthe project explorethas been converted ta
GSSHAcoverageand a default GSSHA model (GSSHAModell) has been
created under the 2D Grid Data folder

5.7 Defining Stream Channels

All the streams defiad so far in GSSHA are generic and they do not have
any defined shape or geometry. Also, becauselatk of resolutiom the
DEM data, the stream beday not go from higher to lower elevations in
the downstream directiomhich might create problesuring simulation. In

this section you wil define the channel cross section and roughness
properties angou will also check and smooth the channel bottom.

5.7.1 Defining stream cross sections

1. In the wizard dialog, clickNext This will display the Define and
Smoah Streamsstep as shown in tHellowing figure:
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Define and Smooth Streams

Praject Filename

Define Project Bounds Select one of more stteams: Ik [Hold down the Shift key o diag & bo to mul-select]
Watershed Dats
Download Data (web Service Select a steam branch: [l

Read Data [Catalog)

Computs Flow Dirsctions and
et Lot Set Selected Arc Attibutes...
Delineats Watershed

Seloct Model Redistibule Verlices on All Suears..

Define and Smooth Streams
Create 20 Gid [ Smooth Selected Sucam Segments... |
Job Conral

Defing Land Uze and Soil Dl

Hydrolagic Computations

Define Precipitation

[ cBack [ tests | [ Cos= |
2. In the wizard, ick on the Select feature line branch toﬁ| and

click on stream segment #fnost downstream stream segment that is
connected to the watershed oytjetu might need to zooto the outlet
areg in the following figure

3. Select theSet Selected ArcAttributdsitton.

4. This wil open up the Channel Propertiesdialog. Select the
Trapezoidal channebptionfor all the arcs (from théll row). Enter
the following valuedor all the streams:

Mann ngb6s n 0.015
Channel depth (m) 3
Bottom Width (m) 5
Side slope (H:V) 1.45
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r -
[4] Properties I [—S__"hj
Feature type: |AICS hd Show: |Selected '| Filter using: Columr: | Mane b

D | Type Link/Superlink. | Manning's n | Depth [m) | Bottorm width [m) | Side slope [HY =
0015 30 5.0 1.45

0015 30 5.0 1.45 -
005 30 5.0 1.45 I
0015 30 5.0 1.45
0015 30 5.0 1.45
005 30 5.0 1.45
0.0% 30 5.0 1.45

Al Trapezoidal channel
2 Trapezoidal channel
9 Trapezoidal channel
10 | Trapezaidal channel
29 | Trapezoidal channel
30 | Trapezoidal channel
84 | Trapezoidal channel

OF | Trormmmicdal alrowninal nnie an En 1 4R
] [T} 3

Help... [ ak. ” Cancel |

o] fq ]

Dlo|lo|lo| o|lo|lo

5. Click OK. Here we are assuming that all the stream segments have the
same cross sectioiowever,as demonstrated previousiyou could
definedifferent stream propertiger each arc

5.7.2 Smoothing the stream thalwegs

1. With the entire stream network still selected, clicktiomRedistribute
Vertices on All Streamntsuttonin the wizard

2. Enter90for the Spacing andurnon the option td&Jse Cubic Spline

3. Click OK.

The node spaaip on the arcs is now something greater than DM
resolutionand approximately the resolution of the computational grid we will
generate laterWe wil now proceed to smooth the thalweg elevatibys
selecting continuoustream segments ime channel uih all stream segments
have been smoothed.

4. In the wizard, ick on the Select Arctool and select line of
streams from the bottom to the top of the stream network without
selecting any branching stream&art at the most downstream
segmeniand selec{Hold Shift Key down and clickall arcs to the left
(or right) until you reach the topMake sure that there is no branch in
your selection and the selectiohstreamss continuous

5. With these streams selectedelect Smooth Selected Stream
Segmentbuton on the wizard dialog.

In the Smooth GSSHA Streams dialog you wil see a profile of the arcs you
have selected. Notice that while the segment has a general downward trend, in
some places the streambed is significantly adverse. While GSSHA is able to
handle adverse slopes, it is not desirable that adverse slopes shprdddiet

in a model where they do not exist naturalou can solvethis adverse slope
problem by making slight changes to the node elevations ae@rigsegment.



5-8 GSSHA Modeling Using WMS i Volume 2

Smooth GSSHA Streams

Prafile of selected arcs

L L
800 1000 1200 o 1600

Grid cell

Smoothing optiohs

[ Redistribute vertices. ..

]

Click and drag to zoom. Select paint and drag ta maove the paint. Right-click for more options.

Stream elevation

| Interpolate stream elevations

[ Uge thalweg data...

J

Offget stream elevations by congtant... ]

[ oK ][ Cancel ]

6. Select thelnterpolate Stream Elevationkutton as many times as
needed to generate a smooth stream segment with no uphil flow, then

click OK.

7. If uphil flow cannot be eliminated in this manner, you can edit individual
points by selecting thenode andthen dragging the point to a new
position or editing the value in the box next3tream elevationBe
especially careful to make sure tisdope next to the outleis not

adverse.

Once the stream segment you have selected is smooth, select a new stream
segmenbr combination of segments to smooth. Repeat the smoothing process
outined in steps 4 through until no stream arcs in the badirave adverse
slopes Your streams are now ready for use in the GSSHA model.

58 Creating a Grid

Once the channel is smoothedg wvill create the 2D grid for GSSHA. Click

Nexton the wizard dialog.

1. Make sure that th&nter Cell sizeoption is selected and enter a cells
size of 90 (meters)in the Xdimension fieldThe same cell size gsed
for the Y -dimension fieldoecause GSSHArig cells must be square
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Create 2D Grid .
Froject Flename
Define Project Bounds ") Enter number of cells
Watershed Data
Download Data (Web Service| @ Ertter cel size
Read Data (Catalog)
Compute Flow Directions and
Choose Outlet Locations
Delineate Watershed
Select Mode!
Define and Smooth Streams
Create 2D Grd
Job Control
Define Land Use and Soil Dat]
Hydrologic Computations |X—di Y-dime:
Define Precipitation
Clean Up Model Cell size: |5D 000 50.000
Run Hydrologic Model
Create 2D Grd
Help l < Back J[ Next > ] { Close ]

Click on the Create 2D Gridbutton to create th&D grid for the
watershed.

Click OK to interpolate the grid elevations from the DEM and CYiels
to delete the existing background DEM.

5.9 Defining Job Control

1

2.

Click Nextin the wiard dialog.

Enter start and end dates ¢dA01\2010, 12:00:00PM to Q@2\2010,
12:00:00P M)with a computationaime intervalof 10 sec for the model
simulation. Click orSet Job Control Data

Click Next

5.10 Define Land use and Soil Data

GSSHA modes canbe parameterized usingadily availableGIS shapefils for
land use and soil informatiorin this section, yowvil import these shapefile
layersand map them to WMS coverages.

1. Click on theAdd shapefile button -

in the lower section of the
Define LandUse and Soil Datavindow. Browseto andopen the file
C:\Training\Raw Data\ParkCityp\Lusésalt_lake cityshp. Notice
thatthe land use shape fieadded t o t h e thdgV@dSS
Project Exploremwindow.

Layerl
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6.

Click on the Add Shapefile button again ===/ ard open the file
C:\Training\Raw Data\ParkCitASSURGO _Solkoil_ut613spatiak
soilmu_a_ ut613shp. Notice that this soil shapefie does not overlay
your watershed completeligecause the shapefile does not overlay the
entire watershed, yaweed to opeanadjacensoil dataet so yolave

soil datathat coversyour entire watershed

Click on the Add Shapefile button again ==/ and open the file
C:\Training\Raw Data\ParkCitASSURGO _Solikoil_ut622spatiak
soilmu_a_ut@2.shp This will cover the entire watened.

Since these are the raw SSURGO dgdtal, need to join the attributes
to them. The NRCS SSURGO attributes are joined using a menu
command available in the project explorerthe project explorerjght
click each of the SSURGO shagkek (soilmu_a w613.shp and
soilmu_a_ut622.shpand selecfoin NRCS dataCheck both toggles
on and clickOK.

In the Wizard, rake sure that th@ypefield is correctlyselected for
the corresponding shapefiekhe Typefield should be set tband Use
for salt_lake_cityshpand toSoil Typefor the other shapefiles.

Define Land Use and Soil Dat k‘ A
efine Land Use and Soil Data . o il
Project Filename
Define Project Bounds Avallable shapefiles:
Watershed Data 3 "
Download Data (Web Service Define |-|—"1:"a Join Tables J
Read Data (Catalog) IV salt_lake_city shp Land Use ﬂ Join
Compute Flow Directions and ¥ sailmu_a_ut613 shp -] Jain
Choose Outlet Locations r o - -
Delineate Watershed I¥ soilmu_a_ut622 shp Soil Type J _ doin.. |
Select Model
Define and Smooth Streams
Create 2D Grid
Job Control
Define Land Use and Soil Dat]
Hydrologic Computations
Define Precipitation
Clean Up Model
Fun Hydrologic Model
Add shapefile: [
Model coverage for clipping shapefile data):  |GSSHA -
Create Coverages...
Help | < Back H Nexdt > ] | Close |

In the wizard, click orCreate coverage$o create land use and soil
coverages and map the corresponding shape file polygons to their
respective coverageBecause the shapefies use standard attribute
name the mapping should be defaulted correctlp accept the
defaults in theGIS to Feature Objects Wizatay clicking Nextand
Finish when prompted.

After both the coverages are created, toggle off the display of your soil
shapefies (all theshp files uncer the GIS Layersfolder) and toggle

off the Land Use and Soil Type coverage display under the
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Coveragedolder in the WMS Project Explorer Doing this cleans up
your display and makes the model display faster.
8. Click Nexton the modeling wizard

5.11 Creating Index maps and defining Model Parameters

1. Click on theCompute Index Mapping Tablésitton which will bring
up GSSHA Maps dialog.

U1 GSSHA Maps X]

Index - Grid Index - Stearn | Continuous - Grid

Compute index uzing GIS data

Ihput coverage (1] : Land Use L

Coverage attribute : 1d w

[ ] Input coverage (2] ;

Ihdex map name: e

[ GIS Data -» Index Map ]

Compute index uzing data calculator [uniform map)

[ Data Calculatar... ]

2. SelectLand Useas the Input Coverage arn® as the Coverage
Attribute. EnterLand Useasthe Index Map Name. Then click dmet
Coverages> Index Map button.

3. SelectSoil typeas the Input Coverage afi@xtureas the Coverage
Attribute. Enter Soil Typeas thelndex Map Name Then click on the
Coverages> Index Map button.

4. Toggle on the Input coverage (2) option so that we aaate a
combined index map using bothe land use and soil type coverages.
SelectLand Useas thelnput Coverage (1andID as the Coverage
Attribute. SelectSoil Typeas thelnput Coverage (2andTextureas
the Coverage AttributeEnter Combinedas the Index Map Name
Then click on theCoverages> Index Map button.

5. Click Done Notice thatthree index mapsave been added to your
GSSHA model (Land Use, Soil Type, and Combined)

6. The GSSHA Map Table Editadialog wil pop up. You need to define
the index mapping parameters.




5-12 GSSHA Modeling Using WMS i Volume 2

512 Defining Model Parameters

1. In the GSSHA Map Table Editor dialog, switch to the Roughness tab (it
is selected by default).

2. In the Using index mapfield, selectLand Useand click on the
Generate IDsbutton. You can see the different fiejoigpulated based
on the land use data.

#I GSSHA Map Table Editor X

Roughness | Interception | Retention | Evapohianspiration | Infitration | Initial Maisture | Soil Erosion | Contaminants | Mutrients | Continuous Maps

Uszing index map: | Land Use | Tvpe: (Grid %

i Generate |Ds i Add 1D

Roughness | | |

D 1 12 16 17 32 ] 41 42
Description] Untitled land... | Untitled land...  Untitled land... | Untitled land... | Untitled land...  Untitled land... | Untitled land... | Untitled land...

Desciiption2
Surface roughness | 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

[ Help ] [ Import Table.. ] [ExportTabIe... ] l Job Contral ]

3. Simiarly switch to thelnfiltration tab and clckYesto turn the
infitration option ON. In theJob ControlDialog, select thésreen +
Ampt with soil moisture redistributiooption and click OK.

4. In the Using Index map field, select Combined and click the
Generate IDs button. This wil generate a unique ID for all
combinations of land use and soil type data within the watershed.

5. Switch to thelnitial Moisture tab, selecSoil Tyge in theUsing Index
Map field and séct theGenerate IDutton.

6. Now select thdmport table button at the bottom left of the SSHA
Map Table Editor Dialog

7. Browse and open the filg:\Training\gssha.cmt

NOTE: This table has typical values for the watershed parameters based

on standard sliypes and land use classificatmnimporting this table wil

populate values in thenapping tableswvhich we wil verify later. One
important thing to remember is that the values from the table are not
absolute and the modeler needs to take ownershipeoi and adjust as
necessary for the specific conditons of a given area. Generaly these
values are best estimated either by field measurement or by the calibration
of the model. Values obtained from this table should be used only as inttial
parameteedimates.

8. Now if you switch back to thRoughnessab, some preliminary values
for roughness are already mapped based on the land use data. Make



Developing GSSHA Model Using Hydrologic Modeling Wizard in WMS 5-13

sure that each field has a non zero value. If one does then you must
enter a suitable value.

9. Similarly, switch o thelnfiltration tab. Theparametewalues listedn
this mapping tableare based on soil texture onldowever, the
Combinedindex mapis a combination of both land use and soil type
information. Because of this, yowshould adjust the parameters
reflect the impact of different types of land use on thebsaiked
mapping table parameterSor examplefi s a n dmagricuktural area
and ina residential aredave different properties Si mi | ar |y, L
a foresed area anth anindustrial aredave dferent properties

10. The land use IDs arthe same as the IDs usedtire USGS Land Use
Classification CodesYou cango ta
http\\emrl.byu.edigsdadata_tip¥ip landuse _table.html
to find a table that relates land use classification code IDs to land use

descriptions.

11 For the columns with landselDs of 11, 12, 16and 17reduce the
values of Hydraulic conductivity to half ¢fie values currentip the
table. These land uses argerviousrelative to bare soil, causirige
infitration rateto decreaseln a modeling situatignyouwould use your
judgmentto approximate the effect of land use on hydraulic
conductivity and other infitration values

12 In the Initial Moisture tah erter the value®.1, 0.15, 0.2 for Loam,
Sandy clay Loam and Clay Loam respectivédjake sure that the
values you enter here are smaller than the values for porosity in the
Infiltrati on tab.

130nce you are done debdnei.ng the par a

5.13 Editing Parameters

1. Click on theEdit Parametershutton on the modeling wizard. This will
open theGSSHA db ControlParameterdialog.

2. Select theDiffusive Waveo pt i on f or the AChannel
s ¢ h eimtbedop right side of job control dialog.

3. Sele¢ the Output Control button. Toggle on theCumulative
infiltration depth and Infiltration rate gridded data sets and the
ChanneldepthandChannel flowlink/node data sets

4. Enter a write frequencyof 15 minutesfor boththe overland model
(this value is inthe Write frequencybox) and the hydrographand
change thehydrographunits to be English (Metric is selected by
default).

5. Click OK to close the5SSHA @tputControl dialog.

Click OK to close thaGSSHA db Control Parameterdialog.

Click Nexton the moding wizard to define the precipitation data.

N o
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5.14 Defining a Meteorological Model

1

3.

4.

In the wizard, click on theDefine Precipitatio® button. In the
GSSHA Precipitationdialog, change the Rainfall event(s) to
Hyetograph Then click on théefine Distributionbuton.

In the XY Series Editor window that operss,e | @ypet24 fhoud
underthe Selected Curveption. This is thedimensionlessemporal
distribution ofan SCS typd-24 hour storm. CliclOK.

Enter an Average Depth of 63.5 mm andke sure the start @stime
is set to 0W01\2010 12:00:00 PM. kgk OK.

Click Next on the wizard.

5.15 Cleaning and Checking the Model

1

When you reach this step in the hydrologic modeling wizard,ayeu
done defining most of the parameters and components required for the
model Click on theClean Up Modebutton. This buttondoes several
things to clean up the display of the modgiis button als@repaes
your model for running by runninthe Clean Dam routine to improve
the overland flonand bringingup the model checkeo showanyinput
errors. In the model checkerglicking on an error take you to a
GSSHA dialog where you cammake suitable correctiort® the input
data

Click Doneto close the5SSHA Model Checkindow. Click Closeto
close theModelWrapperf or t he fpraytama nda mo

5.16 Save the Model

1

Click onthe Savebutton to save th&SSHAproject file. The GSSHA
project file is in a differentformat than the/VMS project filg so even
though you havesavedthe WMS project, this step is necessary to save
the GSSHA project file.

Save your project as C:\Training\PersonalModelingWizard
Parkcity.prj.

5.17 Run the Model

1

2.

Click Next in the modeling wizard This will bring you to the Run
Hydrologic Modelwizard step

Make sure the path you defined to save the project is correct
(C:\Training\PersonalModelingWizardParkcity.prj)

Click the Run Simulationbutton turn off the option toSuppress
screen printingand clickOK to runGSSHA
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Project Filename ;
Define Project Bounds Filenarne prefix: | ParkCity Update Filehames
Watershed Data

Download Data (Web Service)  |noutfile; (2| |C:ATraining\Personalstodelingwizard\Park City. pri
Fead Data [Catalog)

Compute Flow Directions and
Choose Outlet Locations
Delineate W atershed

Select Model

Define and Smooth Streams

Create 2D Grid Run Simulation...
Job Control

Define Land Use and Soil Dal
Hydrologic Computations
Define Precipitation

Clean Up Model

Bun Hydrologic Model

[ <Back | Fish | [ Cose |

4. As GSSHA runsyou can see the time steps being computed and
discharge at each time step in the modepmpae r . Clo€ b itea kK A
the simulation is completéo exit the model wrapper and read the
solution

5. After the solution is regdiook at the outlet hydrograph and depth
datasetontours.

A
]

Flow (CFS)
@
—
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NI \

550 600 650 700 750 800 850 200
Time (Mins)

In this tutorial you learned how WMQummates GSSHA modeeneration
This tutorial repeatd all the steps irthe previous several workshofiom the
hydrologic modeling wizard. The hydrologic modeling wizard providea
standardiramework for developing a basisSSHA model. Once yosetup a
basic GSSHA modethe modelvill be ready formodeling additionahydrologic
processes







CHAPTER 6

Post -Processing and Visualization of
GSSHA Model Results

In this tutorial, you will explore different posprocessing optionsYou have
already been using some of thgmstprocessingools in the previous tutorials.
This tutorial explains and leads you through exploring some of the post
processig tools in WMS

6.1 Open an Existing Project
1. Start WMS. If you are continuing from a previous tutorial clasd
restartWMS.
2. In the 2D Grid Module, select GSSHA | Open Project File.
Browse to and open the file C:\Training\Visualizatior\
visualization.prj

This Judy's Branch project models distributed roughness, infitratiprard
distributed precipitation. Notice several precipitation gagescovering the
watershedrea

3. Becawse of the land use and stipe coveragess well asthe
precipitation gages, the diag looks cluttered and the screen
refreshes sloty. Turn off the display of all items undeCoverages
in the WMS Project Explorerwindow. Then turn the display ohe
GSSHAcoverageback on.Select theFrame button to zoom into the
GSSHA coverage afterahGSSHA coverage is turned oikee the
following figure:
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LI MapData .
5.008 Coverages 3. [F08 Coverages
0= G5SHA .[Hla G5SHA
D:& Land Use D-CEI Land Usze
D:& Soil Type D-CEI Soil Type
.. Gridded Rairfall Gages L[ Grdded Rainfall Gages
A= Uodralamic Traa Mzt A= Hudmlnnie: Tree Data

6.2 Read Solution

WMS stores the results of a run together as a solution set (the input data is not
a part of the solution, only the output dat@here can be many solution sets in

the project explorerbut they must be for the same grid and streams. For
example, you couldary roughness parameters in a single GSSHA model and
have solution sets foeach set ofroughness parameters and then you can
compare resultbor each set of input paraters

Since this projechasalreadybeenrun, you do not have to runiit orderto
view the resultsHowever the results are not reachen you read the project
file, soyou needto tell WMS to read the solution files.

1. Inthe2D grid modile, selectGSSHA | ReadSdution..

2. A dialog box pops up here that allows you to select a simulation (though
the current project is there by defaubelectOK in this dialogto start
reading the solution.

3. Notice thatsolutiors areadded to theproject explorerunderthe 2D
Grid Data andthe 2D Scatter Datdolders.

6.3 Visualization

6.3.1 Visualizing the Outlet Hydrograph

As soon as the result is read, you can semallhydrograph icon at the outlet
of your watershedClicking on this icon showthe outflow hydrograpim a plot
window.

1. Inthe 2D grid modul, c | i c %elea Hydrograph ﬁtlﬁ;lo I

and double click on themallhydrograph iccEL near the outlet.

Clicking on the icon operthie hydrograph in a plot window.

3. There are several options to contiw display ofthe hydrographplot,
including options to view and export the plotted valuesigigt clicking
on the hydrograph platnd selecting the appropriate menu item

4. The simplestwaytec opy t kata topalspreadskges you have
seen in previous tutorigls to choose th&/iew Valueption and then
copypasteselectedialues to a spreadsheet.

N
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5. Closethe Hydrograph plot windowhenyou are done.

6.3.2 Reading the Summary File

Notice thatthere is a folder namedisualization under the Visualization
project folder The solution folder hasa symbol 6 s 6 for sol u

=[5 visualization [335HA] Noticethe summaryflunder t his project ¢

1. Doubleclick on theSummary Fileunder the solution folder.

2. If WMS asks for your editor just clic®K.

3. Look through the summary file. It is good to ckehings like the mass
balanceerror and the volume remaining on the surface to know that
GSSHA is simulating the processes correctly.

4. When you are donelose thesummary file

6.3.3 Visualizing Depth Contours

1. In the Project Explorer rightclick on Depth uncer thevisualization
folder.

2. SelectContour Options(this menu itentanalsobe found under the
Display menu orby using the Contour Options mad)

3. Under the Contour Methagklectthe option taColor fill from the drop

down box
4. Click the Legendbutton and toggleon theoption toDisplay Legend.
depth Contour Options 2 || contour Legend Options ===
Contour Methad Contaur Irterval Legend Specifications
[Color it ~|  [Humber ot Com - 20 Legend till: depth
[Use Color Fiamp ] [ Color Ramp.. | Populate Values... Populste Celors... 4] Display legend
. : szt.lanvmua \E;E:;\ue [ Color ;
Data set Timestep 3 [oo0se 00063 |
Min 0.0 o0 4 [00083 00032
& |00082 0016
Max 0.044312998652 0.0 G a6 GG
Specity arange ] Fil continuous color range:
0.0 Fill below Transpatericy Zlocation: | 0.0
0.04431299865; Fill above Transparent % 0 It Font 5
(e [sosopon | (Lmmdmmma) (|| semce || 7
R N Height 200
Help oK Cancel
PR ! [ Hep | [ ok ][ Comce
AT T T T T TR T T T T T T T T
5. Click OK on theContour Legend Optiondialog.
6. Click OK on theContour Optiongdialog.
7. In the Propertieswindow (to the right sidef the WMS windov, a set

of time steps appeaif the time steps are not shogineitherthe
Depthdata set is not selectédthe project explorer gomething else
has been selectesince selecting the Depth datasétthis happens,
click somewhere outside the watershed boundary and sfeddoepth
data setvith your left mouse titton

8. Click on first time step and use the down arrow key (on the keyboard)
to cycle through the time step&bout half way through the time steps,
notice thatthe depth contosivary in color at different time stepsrou
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do not have to go through thengé stepsconsecutivelyyou can select
any time step to make it active. This model is actualy not that
interesting for surface depth becaus
few time steps before you see any changes and even then the changes
are modets

9. Notice thatthe legends alsodisplayed.

You can also adjust the lightingdDisplay | Display Options | Lighting
Optiong and the vertical exaggeratidDigplay | View | Z Magnificatioi

= . .
Try panning\—'-a;, Zoomlngq , and rotatlngl,@ .

6.3.4 Visualizing Stream Flow Results

While the streams are connected to the overland flow plhegrepresent a
separate but couplethodel. Thedepth and flow outputs from this stream
hydraulic model are ia format called the liikode data set format. These fies
hold a data vak for everynode (arc segment) of eveliyk at the same time
step as that for the gridded output datevo of the most common files in this
format are the channel depth file (*.cdp) and the channel discharge file

(*.cdq.).

These streamdata sets can beisualized in WMS.You can create depth
contours, flood histogramer a movie of how these values vary with time. In
this tutoria) youwill see some of #se WMS visualizationtools

In the2D Scatter Datdfo |l der in the projedasetexpl orer
Stream Depth, and Stream Flowhe Stream Depth and Stream Flow data

sets are linknode data sets. In order to visualize stream deptiorastieam

flow, follow these steps

6.3.4.1 Visualizing Depth Contours

1. Intheproject exploreclick on StreanDepthto select it.

2. SelectDisplay | Display Optionsin the 2D Scatter Dataindow,
toggle off the display ofSymbolsand toggleon the display o€Contours
and click onOptions

3. Change the contour Method@mlor fill and clickOK
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Stream depth Contour Options [z|
Contaur Methad Contavr [nterval
Color Fil v| [Mumber of Contours v 02|

|Usa Calor Ramp v| [ Calor Ramp... ]

Start Yalue ‘ End*alue | Caolor A

1 |00 033
Data Range —
Data set: Stream depth 2_ LS 078 - T

Data set Timestep 3 |078 114 -

Mir: \nn ||nn | 4 [114 1.62

5 |182 14
Max |7.25101 |[00 | Tehe 22 v
|:| Specify a range

Fill continuaus color range

oo ] E—

4. In the Display Options diadg, change theRadiusto 25 and Z
magnification to75.

P ,

B Drawing Giid Scalter Pont |
00 Lighting Options
Hydralogical Modeling Data [] Symbals
N
# MapData aabk| *| ] Numbers
“h Display Order
B o0 Gid Data 23Dk~ | [C] Data Set Values
2D Scatter Data [¥] Cortours Radius: 25 + Z magnification:  75.0
@ Gis0ata

Z magnification: 8.0

Backaround calor |-

Change *0R Color: —|~

Change Inactive =
Coverage Color: Eu

5. On theleft side of the dialog, set theagnification taB and ClickOK

6. Se | e c tRotdtah e '.oHotate the watershed bjicking onthe
left mousebuttonand dragging in the window untillooks similar to the
following figure:
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6.3.5

7. Now click on theStream Flowin the Project Explorerto selectit and
cycle through the different time steps (shown on the properties window
at the right side of WMS main windowNotice the bar diagrams
represeting the flood wave being generate@nd traveling along the
streams tahe outlet

Notice the overland flow depth contour changing with the flood wave bar
diagrams. This gives a clearer idea of th& betweenoverland flow and
stream flow

Creating an Animation Film Loop

These processes can be animaigidg the fim loop command

1. Inthe 2DGrid Moduleﬁ, selectData | Film Loopé















