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CHAPTER 1
GSSHA Precipitation

In this tutorial, you will learn the different methods that precipitation data can be
defined as storms in GSSHA. You will begin with an existing GSSHA project file.
You will also see how NEXRAD data can be processed for GSSHA and view the
difference in results while using various rainfall methods.

1.1 Open an Existing GSSHA Project
Open a WMS project file for Judy’s Branch watershed.

1. In the 2D Grid Module B select GSSHA | Open Project File... Browse
and open the file C:\Training\Precipitation\base.prj

2. Turn off the display of the Soil Type and Land Use coverages by
unselecting them in the Project Explorer.

This model already has overland roughness, infiltration and channel routing options
defined. We will not need to define or adjust these parameters, but will focus on
exploring different methods for defining precipitation.

1.2 Using Uniform Rainfall

GSSHA has four different methods of defining rainfall precipitation. The
method you use will be selected based on the availability of the data and
purpose of the model. We will first use the uniform precipitation method,
which generally is used to evaluate the initial set up of a model.

In the 2D Grid Module FE select GSSHA | Precipitation.

Under Rainfall event(s) select Uniform.

3. Enter 1.809 mm\hr for the intensity and 1740 minutes for duration. We are
using total depth of 52.451 mm (2.065in) over a duration of 29 hours.

N
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This precipitation depth is obtained from a real storm which we will use for
comparison of the different methods. It was obtained from the NOAA site:
(http:\\hdsc.nws.noaa.gov\hdsc\pfds\). The real storm total sums up to 2.065 inch
over a duration of 29 hours.

4. Change the starting date as 05\07\2008 12:00:00 PM and click OK.

GSSHA Precipitation 3

Rainfall eventlz]

Urifarm b

Intenzity [mmshr) [ 1.81
Diuration [nin) 1740
Start dateftime | 5472008 12:00:00 P j

ulti-gage interpolation method

’ Help ] [ Ok ] [ Cancel

1.2.1 Changing the Job control

Since the rainfall will last for 29 hours, the total simulation time should be adjusted
so that all runoff from the watershed will be captured.

1. Select GSSHA | Job Control. Then change the total time to 2880 mins (2
days). Make sure the simulation time step is 10 sec.
2. Click OK.

1.2.2 Save and Run the Model

We have now defined the uniform precipitation. Next we will save and run the
model.

1. Select GSSHA | Save Project file... Save it as C:\Training\Personal\
Precipitation\Uniform.prj.
2. Select GSSHA | Run GSSHA....

1.2.3 Visualization

1. Once GSSHA has finished running, click Close
2. You should have noticed that there is no runoff. This is because the
rainfall intensity was small and all of the rain got infiltrated.


http://hdsc.nws.noaa.gov/hdsc/pfds/
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1.3 Using A Design Storm Hyetograph

Here we will see how typical rainfall distribution can be defined in GSSHA. We
will be using the SCS synthetic rainfall distribution applied to the same total depth
of 52.451mm (2.065in). In a similar fashion an actual temporal distribution could
be defined if available. The actual temporal distribution of this storm will be used
in the next section.

Now we can keep using the same GSSHA project and just change the precipitation
method. Once the new precipitation has been defined, we will save the project with
different name and run it.

1.3.1 Define the rainfall

1. Make sure you are in the 2D Grid Module E

2. Select GSSHA | Precipitation. In the precipitation dialog, select
Hyetograph for the Rainfall event(s) option.

3. Click on the Define Distribution button.

4. In the XY Series Editor dialog, select typel-24hour for the Selected Curve
option. See the following figure.

!
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6. Enter 52.451 mm for the Average depth field and make sure that the Start
date is set to 05\07\2008 12:00:00 PM.
7. Click OK.

1.3.2 Save and Run the Model

We have now defined the hyetograph method of defining precipitation. Next we
will save and run the model.

1. Select GSSHA | Save Project file... Save it as C:\Training\Personal\
Precipitation\Hyetograph.prj.
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2.

Select GSSHA | Run GSSHA....

1.3.3 Visualization

N =

o

Once GSSHA has finished running, click Close

View the results (Hydrograph at the outlet).

For comparison, export the hydrograph ordinates as you did before and
copy\paste in the spreadsheet C:\Training\RainfallMethods.xls under
column Type I.

Close the plot window(s) when you are done copying.

Note the difference in the outlet flow hydrograph when comparing the
uniform and hyetograph methods.

1.4 Using Rain Gages with the Inverse Distance Weighted Method of

Interpolation

For this next simulation we will see how rain gages can be used to define
precipitation in GSSHA. We will be using four gage locations in the vicinity of the
Judy’s Branch watershed; namely Belleville, Carlinville, Carlyle and St. Louis
Airport gages.

1.4.1 Creating gages

1.
2.

3.

Right click on Coverages in the Project Explorer and select New Coverage
Change the type of the coverage to Rain Gage and click OK which will add
coverage on the data tree under coverages

Click on the Rain gage coverage and choose Create Feature Point

Tool +*. Click on the white area just outside your watershed boundary so
that it will be easier to locate and make sure you are not too far away from
the watershed. This will add a rain gage to the watershed. Create 3
additional gages surrounding the watershed. Do not worry about the exact
location of the gages for now. We will edit their coordinates in the next
step.

Choose Select Feature Point\Node tool /%l and double click any of the 4
gage that you just created.

In the Rain Gage properties dialog, make sure the Gage Type is set to
GSSHA and select All for the Show option.
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-
|I| Rain Gage Properties u

.

(asace ) [ osetscor |

ID | Name [x K | Precipitation

Al | Define... I

(1 |Belleville 773605.05 |4272627.20 Define... I

2 |Carlinville F60702.57 | 4319978.10 Define... I

3_Car|y|e 739357.97 429541207 Define... I

4 |5t Louis Airport 739016.86 4291515.45 Define... I

[ Hep | [ Lation > UTM Caleulator... | [ ok [ coneel ]

6. Edit the coordinates and the names of each gage as shown in the following
table.

Gage name Change gage X Y
name to
Gagel Belleville 773605.05 | 4272627.20
Gage? Carlinville 760702.57 | 4319978.10
Gage3 Carlyle 789357.97 | 4295412.07
Gage4 St Louis Airport | 739016.86 | 4291515.46

7. If you move Rain Gage Properties dialog to one side, you can see how
WMS automatically draws Thiessen polygons (see the following figure).

Hoged

8. On the Rain Gage Properties dialog, click on the Define... button for
Belleville gage which will open the XY Series editor window. In the XY
Series Editor make sure the option Show Dates is toggled ON.

9. Open the spreadsheet C:\Training\RawData\JudysBranch\ RealStorm.xIs
which has hourly precipitation records for these gages.

10. Copy and paste the columns with date and incremental distribution for
Belleville to the XY series editor. Your XY Series will look something like
this:
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11.
12.
13.

14.
15.
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e e

Repeat the same process for all other gages.
Once done, click OK to close the Rain gage property dialog.

Switch to the 2D Grid Module Jﬁ and select GSSHA | Precipitation.
Select Gage under Rainfall event(s) option and it will bring Rain Gage in
the list. Check on to select Rain Gage.

GSSHA Precipitation [

Riainfall event(z)

Gage v][ Impart Gage File... ]

Iv EGIEER

Multi-gage interpolation method
@ Inverse distance weighted [IDW)

() Thieszen polygonz

[ Help ] [ Ok ][ Cancel ]

16. Select Inverse Distance Weighted (IDW) for interpolation method.
17. Click OK

1.4.2 Save and Run Model

We have now defined the IDW method of interpolation for the gages to define the
precipitation. Next we will save and run the model.

1. Select GSSHA | Save Project file... Save it as C:\Training\Personal\

Precipitation\IDW.prj.

2. Select GSSHA | Run GSSHA....

1.4.3 Visualization

1. Once GSSHA has finished running, click Close
2. View the results (Hydrograph at the outlet).



Precipitation Methods in GSSHA 1-7

3. For comparison, export the hydrograph ordinates and copy\paste to the
spreadsheet C:\Training\RainfallMethods.xIs under the column IDW.

4. See the difference in the outlet flow hydrograph in using the three different
precipitation methods tested so far.

1.5 Using Rain Gages with the Thiessen Polygon Method of
Interpolation

151

For this simulation we will use the same gages for precipitation, but with
the Thiessen Polygon interpolation method.

Switch to the 2D Grid Module E and select GSSHA | Precipitation
2. Leave everything the same other but change the Interpolation method to
Thiessen Polygons and click OK.

=

Save and Run Model

1.5.2

We will save and run the model.

1. Select GSSHA | Save Project file... Save it as C:\Training\Personal\
Precipitation\Thiessen.prj.
2. Select GSSHA | Run GSSHA....

Visualization

1. Once GSSHA has finished running, click Close

2. View the results (Hydrograph at the outlet).

3. For comparison, export the hydrograph ordinates and copy\paste into the
spreadsheet C:\Training\RainfallMethods.xls under the column Thiessen.

4. See the difference in the outlet flow hydrograph using the different
precipitation methods.

1.6 Using NEXRAD Rainfall Data in GSSHA

16.1

In this section, you will see how NEXRAD rainfall data can be used in GSSHA.
You will begin with an existing GSSHA project file. You will see how NEXRAD
data can be processed for GSSHA and view the difference in results between using
gage-based and distributed rainfall.

Importing NEXRAD Rainfall Data

NEXRAD rainfall datasets have already been downloaded for this watershed. For
information on how to obtain your own radar rainfall datasets, see
http:\\www.xmswiki.com\index.php?title=GSDA:Obtaining NEXRAD Radar Dat
a_from_NCDC



http://www.xmswiki.com/index.php?title=GSDA:Obtaining_NEXRAD_Radar_Data_from_NCDC
http://www.xmswiki.com/index.php?title=GSDA:Obtaining_NEXRAD_Radar_Data_from_NCDC
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1. We will keep working with the same model. Check off the display of Rain
Gage Coverage by unselecting it on the project explorer. Zoom to GSSHA

coverage (Right click GSSHA coverage and select Zoom to Layer).

2. In the 2D Grid Module E select GSSHA | Precipitation. Under Rainfall

event(s) select Nexrad Radar

3. Click on Import Radar Data... button which will open the Convert Grids

dialog

4. In the Convert Grids dialog, make sure that Grid Conversion Information
is set to Arc\Info ASCII Grid to Incremental Distribution Rain gages

5. Click the Add Files... button and browse to C:\Training\RawData\
JudysBranch\Nexrad\ In the Open file browser, change the View Menu to

Details (See following figure)

Lok, in:

LY

9

My Recent
Dacuments

[
Desktop

)

by Documents

-
L
tdy Computer

.

hdp Metwark

) JudysNEXRAD

4] KLSX_NTP 20050507 _0400.a5¢
|3 KLSX_NTP 20060507 _0400.pri
[Z] kLS%_NTP_20080507_0400_sup. bxt
|3 KLS%_NTP 20080507 _0459.a5¢
4] KLSX_NTP 20060507 _0459.pri
[£] KL% _NTP_20080507_0459_sup.bxt
|3 KLS%_NTP 20080507 _0556.45¢
4] KLSX_NTP 20080507 _0556.pri
[Z] KLS¥_NTP_20080507_0S56_sup. txt
4] KLSX_NTP 20050507 _0700. a5
|3 KLSK_NTP 20060507 _0700.pri
[Z] kLS%_NTP_20080507_0700_sup.txt
|4 KLSX_NTP 20050507 _0755.a5¢
|3 KLSK_NTP 20080507 _0756.pri
[£] kLS%_NTP_20080507_0758_sup.bxt

<

File name:

Files of type: All Files [*.%)

w O ¥ 2|
ﬂ KLSA_MTP_Z0030507 _091
4] KLS%_NTP 20050507 0%
[£] kLs%_NTP_Z00B0S07 091
9] KLS%_NTP_20080507_0%!
4] KLS_NTP_20080507_D9!
E’J KLSA_MTP_20030507 _0959_sup.bxt
4] kLSX_NTP _20080507_1102.45¢
|4 KLS%_NTP_20080507 _1102.pr]
[Z] kLS¥_NTP_20080507_1102_sup.bet
4] KLS%_NTP_20080507 _1200. 450
7] KLSK_NTP_20080507_1200.pr]
[Z] KLSX_MTP 20080507 _1200_sup.txt
ﬂ KLSA_MNTP_20080507 _1257,asc

Tiles

Icans
» List

|4 KLSK_NTP _20080507_1257.pri
[Z] kLS%_NTP_20080507_1257 _sup.bxt

Thurmbnails

[Z] kLS.
Eif=
Ei[=3
[Z] kL5
Ei[=3
Ei[=3
[Z] kL5
Eif%=2

B[4
[Z] kLsw

>

.
| 3
3

6. Click on the Type column heading to sort the files by Type

7. Select the last time grid which is KLSX_NTP_20080508 1657.asc
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Open E]

Look in: | 39 JudysNEXRAD vl © F -
5 Mame Size | Type Date #
uﬁ 14 KLS_NTP_z0080507 _0901.asc 15,104 KB ASC File 6(17):
ty Fiecent 4] KLS%_NTP_20080507 0959, asc 15,104 KB ASC File 6(17):
Documents 4] KLS%_MTP_20080507_1102, asc 15,104 KB ASC File 617}
= [ 15,104 KB ASC File 1171
; |14 KLS%_NTP_20080507 _1257. 250 15,104 KB ASC File 6(17):
Deskiop 14 KLS%_NTP_20080507 _1400.asc 15,104 KB ASC File 6(17):
4] KLS:_NTP_20080507 _1500.asc 15,104 KB ASC File I171:
: 4] KLS:_NTP_20080507 _1559. asc 15,104 KB ASC File E(17):
_(_) |14 KLS%_NTP_20080507 _1658. 250 15,104 KB ASC File 6(17):
My Documents |14 KLSx_NTP_20080507 _1802. 250 15,104 KB ASC File 6(17):
4] KLS:%_NTP_20080507_1901. asc 15,104 KB ASC File I171:
. 4] KLS:_NTP_20080507 _2000.asc 15,104 KB ASC File E(17):
. 55 |14 KLS%_NTP_20080507 _2058. asc 15,104 KB ASC File 6(17):
My Egﬁq . 4] KLSx_NTP_20080507_2157.asc 15,104 KB ASC File BI17):
4] KLS:_NTP_20080507 _2257 . asc 15,104 KB ASC File I171:
~ 14 KLS:_NTP_20080507 _2356. asc 15,104 KB ASC File E(17):
‘_} |14 KLSx_NTP_20080508 01100, a5 15,104 KB ASC File 6(17):
.. 4] KLSx_NTP_20080508_01159. asc 15,104 KB ASC File BI17):
MPPT:Ct;“:fk [14] KLS%_NTP_20080508_01258, asc 15,104 KB ASC File 6/17};
4] KLS:_NTP_20080508_0357. asc 15,104 KB ASC File E(17):
|14 KLS_NTP_20080508_0501. asc 15,104 KB ASC File 6(17):
4] KLS_NTP_20080508_0558. asc 15,104 KB ASC File BI17):
4] KLS:_NTP_20080508_0702. asc 15,104 KB ASC File 6I17):
4] KLS:_NTP_20080508_0759. asc 15,104 KB ASC File E(17):
|14 KLSx%_NTP_20080508 _08S57. asc 15,104 KB ASC File 6(17):
4] KLS_NTP_20080508_1000, asc 15,104 KB ASC File BI17):
4] KLS:%_NTP_20080508_1056. asc 15,104 KB ASC File 6I17):
|14 KLS:_NTP_z0080508 _1202. asc 15,104 KB ASC File 6(17):
|14 KLSx%_NTP_20080508 _1259. asc 15,104 KB ASC File 6(17):
4] KLS_NTP_20080508_1357. asc 15,104 KB ASC File BI17):
4] KLS:_NTP_20080508 _1502. asc 15,104 KB ASC File 1171
14 KLS:_NTP_20080508 _1559. asc 15,104 KB ASC File 6(17):
il TP_20050508_1657.asc 15,104 KB ASC File 6(17):
4] KLS% _MTP_20080507_0400.pri 1KE PRIFile 171
4| KLS%_NTP_20080507_0459,prj 1KE PRIFile BT
< >
File name: "KLG¥_NTP_20030507_1200 asc" "KLSX_NT
Files of wpe: Al Files [7.7] “

8. Hold the Shift key and select the starting time grid which is
KLSX_NTP_20080507_1200.asc

9. Click Open

10. In the Convert Grids dialog, toggle on the option Convert inches to
millimeters (if it is not already on)

11. Toggle on Create 2D grid rainfall dataset option. Make sure that the time
interval is 1 hour (60 min)

12. Change the Starting date to 05\07\2008 and the Starting time to 12:00:00
PM (See the following figure)
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I Convert Grids E|

and Carvverzion Infarmation

Arzdlnfo ASCI Grid % | to | Incremental Distribution R ain Gages

Filez included in D55:

Add Files.. KLSx_MNTP_20080507_1200.a3c s
KLSx%_NTP_20080507_1257.a:c
Dielete File kLS _NTP_20020507_1400.a3:c

KLSx_NTF_20080507_1500.asc
KLSx_NTF_20020507_1559. asc
KLSx_NTF_20080507_1658.asc
Move U KLSx MTF_20080507_1802.asc

KLSx_ NTF_20020507_1901. asc
KLSx_NTF_20080507_2000.asc
Mowe Down KLS NTP_ 20080507 2058, asc
KLSx_NTF_20080507_2157.asc
Reverse Order | | KLS_NTP_20080507_2257.asc v

MHurnber af Selected Files: 30

Delete All Files

Corvert inches b millimeters
Create 20 grid rainfall datazet

Rainfall Coordinate System: | GEQ "

Starting date: | &/ 72002 b

Startirg tirme: | 12:00:00 PM

4

Time interval: |50 mintes

Multiplication Factar: | 1.0

[ Ok ] [ Cancel ]

13. Click OK to save the grid file. It will take some time to create the gages for
the NEXRAD rainfall method.

14. After a couple of minutes the conversion process will complete and a
summary file will open up (Following figure) showing the date\time and
rainfall depth (mm) at each time interval.

15. Review and close the summary file
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I a4aB4e01-b6bB-4d25-B3dc-dab6af0bf752.tab - Notepad

Eile Edt Format ‘Yiew Help

NEXRAD RADAR DATA SUMMARY REPORT

Basin average Hyetograph

Date & Time Time (min) Incremental bepth (mm)  Cummulative Depth (mm)
wednesday, May 07, 2008, 13:00:00 0. 000000 0. 000000 0. 000000
wednesday, May 07, 2008, a0, 000000 5.401149 5.401149
wednesday, May 07, 2008, 120.000000 0. 000000 5.401149
wednesday, May 07, 2008, 180.000000 0. 000000 5.401149
wednesday, May 07, 2008, 240. 000000 0. 000000 5.401149
wednesday, May 07, 2008, 200. 000000 0. 000000 5.401149
wednesday, May 07, 2008, 360.000000 0. 000000 5.401149
wednesday, May 07, 2008, 420.000000 1.138621 6.538770
wednesday, May 07, 2008, 480. 000000 6. 568966 13.108736
wednesday, May 07, 2008, 540. 000000 0. 000000 12.108736
wednesday, May 07, 2008, 600, 000000 1.532759 14.641404
Thursday, May 08, 2008, O 660, 000000 0. 000000 14.641404
Thursday, mMay 08, 2008, 720.000000 0. 000000 14.641454
Thursday, May 08, 2008, 780.000000 5.036207 19.677701
Thursday, mMay 08, 2008, 840. 000000 0. 000000 19, 677701
Thursday, May 08, 2008, 900, 000000 0. 656857 20.33455%8
Thursday, mMay 08, 2008, 960. 000000 0. 000000 20.334508
Thursday, May 08, 2008, 1020, 000000 0. 000000 20, 334598
Thursday, May 08, 2008, 1080, 000000 0. 000000 20.324508
Thursday, May 08, 2008, 1140, 000000 2.408621 22.743218
Thursday, May 08, 2008, 1200, 000000 0. 000000 22.743218
Thursday, may 08, 2008, 1260, 000000 0. 000000 22.743218
Thursday, May 08, 2008, 1220, 000000 0.802874 23. 546002
Thursday, may 08, 2008, 1380, 000000 3.705402 27.341404
Thursday, May 08, 2008, 1440, 000000 0.926437 37.267931
Thursday, may 08, 2008, 1500, 000000 6. 5680966 43.B36897
Thursday, May 08, 2008, 1560, 000000 4.063218 48.800115
Thursday, may 08, 2008, 1620, 000000 1.3B6782 50.186807
Thursday, May 08, 2008, 1680, 000000 0. 000000 50. 186897
Thursday, may 08, 2008, 1740, 000000 0. 000000 50.186807
Total storm puration:  1740.000000 min

Total storm Depth: 50.188897 mm

You should now see many gages covering the watershed and a network of
polygons joining the gages. You should also notice a new Gridded Rainfall Gages
coverage in the coverage tree.

16. The GSSHA Precipitation dialog will appear after the completion of the
conversion process. Toggle on the Gridded Rainfall Gages option and
click OK.

17. In the GSSHA precipitation dialog make sure that you toggle off the Rain
Gage coverage and the change the interpolation method back to IDW.

GSSHA Precipitation [

Rainfall eventlz)
Mesrad FRadar v] [Impnrt Radar Data...]

[~ Rain Gage

Multi-gage interpolation method

@) |nverse distance weighted [10W)

() Thiessen polygons

[ Help l [ ak. l[ Cancel l

b

18. The WMS window should look similar to the following figure.




1-12 GSSHA Modeling Using WMS - Volume 3

iz Wi 8.1 - [untitied.wpr]

= [ @ Coverager
B GSSHA
B® SaiType
B4 Lard Use e
% Givided Reirfal Gage: | 8 8 o5
= B Hydologic Tree Dala ) i TN
48 Hydrologic Modeling Tree ::Gi,i‘.h,
D183 Hyckauic Schematic Data
0@ 615 Layer: T
= B 20 GedData
= 8 new giid 1T
e
[@s ]
[SEISEEEEatnn ninntns
3 u an 1
- |3iznnnen i ] |
Suis %E: : e
@3 cevton{ee +H 6%
il dviskerioler an + HEHNS orey |
Rainfall Tac m'"?# T ﬁ"‘
= BJ@ 20 Scater Data FOET b NePywos_6ss
= B[] XMAG Raintall o i = |
Rainfall n 2 l#ﬂ:ﬁ-esﬁa bos 622 |
s e H ek
R e ' H ‘
RSB e # fertahos 61 |
LiEEseE siEiatiaed ‘
i crranmAnTe w005 60 |
% m% o 1 - 13 ‘
i bl
f T T
&
i me b b ‘
i L N
A B8R
et e el SRR g o2 ‘
ke e #"“‘?ﬁ!ﬁ i T
m e tﬁg 626
! l# L0 !fl'
X 7 PP L O P, s
H t
gt H
o o2
(2363330, 39769.0) "|_propestes [ etadta|
Mﬂm

1.6.2 Visualizing Meteorological Data

Before continuing, let us visualize the gridded rainfall data.

1.

2.

Toggle off the display of Gridded Rainfall Gages by unselecting it in the
project explorer.

Right click on Rainfall Cumulative on the data tree under 2D Grid Data
and select Contour Options...Select Color Fill for the Contour Method.
Click OK

With the down arrow key on your keyboard, step through the time steps in
the properties window on the right sidebar to see how the precipitation
varies.

There are two rainfall datasets, one is incremental and the other is cumulative. You
may choose to view the incremental rainfall data set in the same way you viewed
the cumulative data set. Whichever dataset is selected will be used to create the
film loop.

4,

o

In 2D Grid Module E select Data | Film Loop... Specify the folder
where you want to have the animation saved (C:\Training\
Personal\Precipitation), check off the option to Export to KMZ (Google
Earth) and click Next

Toggle on either (Rainfall Cumulative) or (Rainfall Incremental) and
toggle off all other datasets.

Toggle off the option to write to KMZ file.

Click Next
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8. Click Finish. WMS will now a few moments to create and save the
animation file. The animation will start playing as soon as the saving
process is complete.

1.6.3 Save and Run the Model

We have now imported the NEXRAD rainfall into GSSHA and copied the data into
the Gridded Rainfall Gages coverage. Next we will save and run the model.

1. Select GSSHA | Save Project file... Save it as C:\Training\Personal\
Precipitation\nexrad.prj.
2. Select GSSHA | Run GSSHA....

1.6.4 Visualization

1.7 Summary

Once GSSHA has finished running, click Close

With the Select Hydrographs tool i selected, double-click on the
hydrograph icon to view the runoff hydrograph at the watershed outlet
For comparison, export the hydrograph ordinates and copy\paste in the
spreadsheet  C:\Training\RainfallMethods.xIs under the column
NEXRAD.

See the difference in the outlet flow hydrograph in using different
precipitation methods.

You may export the animations to Google Earth (Optional).

Open up the comparison spreadsheet and compare the results from different
precipitation methods.

Flow (CFS)

180

160

140

120

100

80

60

20

Spatial Variations - GSSHA

=—Unifrom
——Gages (IDW)
A = Gages(Thiessen)

/ \ ——NEXRAD

500 1000 1500 2000 2500 3000



1-14 GSSHA Modeling Using WMS — Volume 3

180

160

140

Flow (CFS)

40

20

Temporal Variations - GSSHA

——Uniform

——Gages (Thiessen)
——NEXRAD

——Type | 24hr Distribution

N

\

\

\

|
|
L
|
|

/\———\-LA/\

~

500 10

00
Time (mins)

1500

2000

2500



CHAPTER 2

Analyzing the Effects of Land Use
Change

2.1 Open an Existing GSSHA Model

In this tutorial we will see how different land use change scenarios can be modeled
in GSSHA. These scenarios might be pre-development and post-development
scenarios or a wetland restoration scenario.
In this exercise we will first change a portion of land to a residential and an
industrial area to simulate a development scenario. We will then use abatement
measures such as a detention basin, wetland, infiltration basin and buffer strip. The
following are the different scenarios we will develop:

e Change of land use from Evergreen forest land to residential land
Change this residential land to an industrial area
Add a detention basin
Add a wetland
Add an infiltration basin
Add a buffer strip

This exercise will illustrate how the same grid and sets of index maps can be used
to develop multiple GSSHA models. Throughout we will compare the outcomes
from the different scenarios.

1. Switch to 2D Grid Module and open an existing project by selecting
GSSHA | Open Project File. Browse and open file C:\Training\Scenarios\
BaseModel\base.prj

Let us first save this project to personal folder so that the original project remains
unchanged.
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2. Select GSSHA | Save Project File. Save the project as C:\Training\
Personal\Scenarios\base.prj.

2.2 Changing the Land Use to Residential

The land is being developed on one of the hills in the watershed. To simulate this,
the forest will be converted to another land use thus changing both infiltration as
well as the overland roughness characteristics of the watershed.

2.2.1 Creating a new GSSHA project for the changed land use
There are two steps involved in creating a new GSSHA project for the changed
land use:
1) Create a new GSSHA coverage, and
2) Create a new GSSHA project.

2.2.1.1 Creating a new GSSHA Coverage
1. In the project explorer, under Coverages, right click the GSSHA coverage
and select Duplicate.
2. Rename the new GSSHA coverage as GSSHARes.

2.2.1.2 Creating a new GSSHA Project
1. In the project explorer, under 2D Grid Data, right click on GSSHA project
named Base and select Duplicate. This will create a new GSSHA project
with the name Base(2).
2. Under 2D Grid Data, expand Base(2). Right click on GSSHA and select

Assign.
3. Select GSSHARes

=L@ Map Data )
- Coverages &-EG@ Coverages
[ assHa -.[Flas GSSHA
O Land Use ] O LandUse &
O soil Type e O sail Type m

e GSSHARes El= G55HERe:
) B Hydiologic Tree Data () - 0 Hydiologic Tree Data L
& Copy of GSSHA Coverage T G -4 Copy of GSSHA Covera ge T B
OEA Hydraulic Schematic: Data @ O Hydiaulc Schematic Data @
Oig 615 Layers " -CIig 1S Layers i

- Ellgg 20 Gid Data - Eg 0 Gidbata

= IE new grid o-LAE new grid
50 Indes Maps

GSSHA
GSSHARes

e e

4. Right click on project Base(2) and select Save Project File.... Save it as
C:\Training\Personal\Scenarios\Residential.prj. This will also rename the
project.

2.2.2 Changing the Land Use Map

Let us now modify the land use.
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1. Since we are going to change the land use map, let us create a copy of the
original land use coverage. Right click on Land Use coverage and
Duplicate it. Rename it to LUResidential.

2. A background image will help to identify the proper location. Select File |
Open. Browse to C:\Training\Scenarios\Images\Aerial.jpg and open it.

3. Select Yes to build pyramid.

We will use this image to identify existing land use.

4. Turn off the display of “GSSHA Coverage”, “Soil Type Coverage”, “Land
Use Coverage” and “2D Grid Data” by checking them off in the data tree.
Make sure just “LUResidential” Coverage is turned on.

5. Zoom in around the area as shown in following figure.

H
6. Select the Map Module of WMS + :

Here, we can see that most of the area shown are shrubs and brush rangeland
(LUCode 32). After the development, let us assume that the area will be
converted to relatively impervious almost similar to a residential area (LUCode
11).

7. Click on the LUResidential Coverage to make it an active coverage. .
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8.

9.

10.
11.

Click on “Select Feature Polygon Tool” I'I Then double click on the
polygon in the area enclosed in the circle (in the above figure). This will
open up the “Land use Mapping” dialog.

I Land use mapping

Land uze properties

‘w5 landuse |0

Land D 11
Land ID 12
Land 1D 16
Land 1D 17
Land ID 32
Land ID 33
Land ID 41
Land 1D 42
Land 1D 43
Land 1D 52

LandID11  [LandiD12  [LandID1E  [LandID17 |
Untitled landuse | Urtitled landuse | Untitled landuse | Urntitled landuse
0o 0.0 0o 0.0

0o 0.0 0o 0.0

oo oo oo oo

oo oo oo oo

Land Mame

SCS Soil Type & CH
SCS Soail Type B CH
SCS Soil Type CCH
SCS Sail Type D CH

Add landuse 1D to list

Dizplay parameters
SC5 Ch's

[ Green-Ampt
[CIHsFF

[] Maricopa County
[ Percent impervious
[]5ma

[ Manning's n

| il |

Irpart land Lze attribute file Expart land uze attribute file

Export file type:
| 5C5 Land use fil

Import file type:
|SC5 Land use file
Cloze ]

On the left side of the dialog, you can see the current land use ID selected.
The Land Use ID selected should be 32. According to the USGS land use
classification, Land use ID 32 represents Shrub and Brush Rangeland. We
will now change a portion of this land use to “Residential”.

Click Close to close the “Land use mapping” dialog.

Make sure that LUResidential Cover’a_gg‘ is active. In the Map Module,
i

Select the “Create Feature Arc Tool” and trace a line as shown in the
following Figure. Trace an arc along the line using left mouse click and
make sure that the arc you trace will start and end at other existing land use

polygon arcs.

V| [ Expart file ]

J [

v| [ Import file ]

[ poh
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12. Select Feature Object | Build Polygon and click OK to use all arcs.

13. In the Map Module, Click on the “Select Feature Polygon Tool” tool I'I
Then double click the area enclosed by the arcs you traced. This will select
the new polygon for the area and bring “Land use Mapping” dialog up.
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WS landuse 1D

Land [D 11
Land ID 12
Land ID 16
Land ID 17
Land ID 32
Land ID 33
Land ID 41
Land ID 42
Land ID 43
Land ID 52

Add landuse 1D to list

Dizplay parameters
SC5CN's

[ Green-&mpt
[IHsPF

[ Maricopa County
[] Percent impervious

[]5ka
[ Manning's n

Import land uze attribute file
Import file type:
SC5 Land usze file

I Land use mapping @

Land use properties
LandIDO  [LandID11  [LandID12  [LandID16 |
Land Mame Untitled landuse | Untitled landuse | Untitted landuse | Untitled landuse
SCS Soil Type & CH | 0.0 0o 0o 0o
SCS Soil Type B CH | 0.0 0o 0o 0o
SCS Soil Type CCH | 0.0 0o 0o 0o
SCS Soil Type DCN | 0.0 0o 0o 0o
< ¥
Export land uze attribute file
Export file type:
v 5C5 Land use fle v
[ Apply ] [ Cloze ]

14. This time the land use ID is 0, we will assign a new ID for this area. Click
on Add landuse ID to list button on the left side which will add a new Land
ID (Land ID 53) to the list. Scroll all the way to the right to find Land 1D
53 and change the name to New Residential.
15. Click Apply. This will change the land use code for the new polygon.

2.2.3 Creating the Modified Index Maps

With the change in land use coverage, the index maps that use Land use
coverage need to be updated as well. To do this we will create new land use
and combined index maps.
1. In the project explorer under 2D Grid Data, right click project Residential

and select Maps...

2. In the “Index-Grid” tab, select the Input coverage to be LUResidential with
coverage attribute as ID and the Index map name LUResidential.

3. Click on the Coverages->Index Map button.

4. Next we will create a new index map which is a combination of soil type
data and the modified land use data. Select the following:

Input coverage (1): LUResidential

Coverage attribute:

Id

Select “input Coverage (2) by checking it ON.

Input coverage (2):
Coverage attribute:

Soil Type
Texture

Index map name: ComboResidential

o

6. Click Done after it completes.

Click on Coverages ->Index Map button.



7.
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Turn off the background image and LUResidential coverage. Turn on the
display of 2D Grids data.

You should have two new index maps added to the data tree.

2.2.4 Assigning new index maps and updating the parameters

1.
2.

3.

10.
11.

12.
13.

14.

Under 2D Grid Data, click on the GSSHA project named Residential.
Right click Index Maps folder and select Assign ST, LUResidential and
ComboResidential index maps.

Remove (Right Click|Remove) LU and Combined index maps which were
developed for the original land use.

The new GSSHA project uses ST, LUResidential and ComboResidential as
the index maps.

We need to update the mapping tables as well. Under 2D grid Data, right
click on GSSHA project Residential and select Map Tables...

In the Roughness tab, select “LUResidential ” for the “Using index map”
field and click the Generate IDs button.

Click No.

There will be a new field added with ID 53 at the end of the list (towards
the right). Enter a roughness value of 0.011.

Switch to the “Infiltration” tab. Select “ComboResidential” for the “Using
index map” field.

Click on the Generate IDs button and click NO.

There will be two fields added at the end of the table for the new land use.
Find a column that has the same soil type (i.e. Loam and Clay Loam) and
copy the infiltration parameters from that column to the new field\s.

Click Done

On the data tree, right click on Residential and select Save Project File...
Save the project (as C:\Training\Personal\Scenarios\Residential.prj)
Select Yes if prompted to replace existing file.

2.2.5 Save the projects a GSSHA groups

We will save all these GSSHA projects as GSSHA groups so that they can be
opened or run together. If by chance you close any of your GSSHA project, you
can open the group and resume the tutorial. As we keep adding new GSSHA model
to our project, we will keep saving all of them as GSSHA group. Saving all the
models could be done at the end when you will be done creating all scenarios, but it
is advisable to keep saving the projects you have created so far as GSSHA groups,
so that you can open, modify and close all the projects at any time.

1.
2.

In 2D Grid Module, select GSSHA|Save Group.

Toggle on all the GSSHA projects listed in Save GSSHA Groups dialog,
browse and save the group as C:\Training\Personal\Scenarios\
Scenarios.ggp.
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2.3 Changing the Land Use from Residential to Industrial

To simulate a progressive development scenario, let us assume that the portion of
land which we changed to a residential in the previous section now changes to an
industrial area. So, we will update the GSSHA maodel to reflect this change and see
the differences in the watershed response.

2.3.1 Creating a new GSSHA project for the changed land use

There are two steps involved in creating new GSSHA project.

2.3.1.1 Creating a new GSSHA Coverage

1.

2.

In the project explorer, under Coverages, right click GSSHARes coverage
and select Duplicate.
Rename the new GSSHA coverage as GSSHAIndus.

2.3.1.2 Creating a new GSSHA Project

1.

In the project explorer, under 2D Grid Data, right click on GSSHA project
named Residential and select Duplicate. This will create a new GSSHA
project with name Residential (2).

Under 2D Grid Data, expand Residential (2). Right click on GSSHARes
and assign GSSHAIndus

Right click on project Residential (2) and select Save Project File.... Save
it as C:\Training\Personal\Scenarios\Industrial.prj. This will also rename
the project.

2.3.2 Changing the Roughness and Infiltration Parameters

We are making an assumption here that the portion of the land that was converted to
residential now is converted to Industrial. Since we are using the exact same area to be
converted, we can just modify the index map used in residential land use (which we have
now duplicated to use in this case) instead of creating a new one.

1. Under 2D Grid Data, right click the GSSHA project named Industrial.

2. Right click on the GSSHA project named Industrial on the data tree and
select Map Tables...

3. The roughness will remain the same because the Manning’s roughness
coefficients for residential and industrial areas are almost the same.

4. Switch to the “Infiltration” tab and scroll all the way to the right to find the
new land use \soil ID.

5. For the last two columns, reduce the values of hydraulic conductivity and
capillary head to simulate the effects of more impervious land cover. Make
the following changes:

Parameter Loam\Land ID#33 | Clay Loam\ Land ID # 33
Hydraulic Conductivity | 0.50 0.09
Capillary Head 4.440 10.44

6. Leave other parameters the same and click Done.
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7. On the data tree, right click on Industrial and select Save Project File...
Save the project (as C:\Training\Personal\Scenarios\Industrial.prj)

8. In 2D Grid module, select GSSHA|Save group. Toggle on all the three
GSSHA projects (base, Residential and Industrial) and save as
C:\Training\Personal\Scenarios\Scenarios.ggp.

2.4 Adding a detention basin

It can be easily inferred that changing the land use in a certain portion of the
watershed causes a considerable increase in the peak flow at the watershed outlet.
This situation is often undesirable as various hydraulic structures like culverts,
channel etc downstream of the outlet become undersized. To mitigate the problems
of flooding we will introduce a detention basin in the watershed.

2.4.1 Creating a new GSSHA project for the detention basin

2.4.1.1 Creating a new GSSHA Coverage
1. Inthe project explorer, under Coverages, right click GSSHAIndus coverage
and select Duplicate.
2. Rename the new GSSHA coverage as GSSHADB.

2.4.1.2 Creating a new GSSHA Project

1. In the project explorer, under 2D Grid Data, right click on GSSHA project
named Industrial and select Duplicate. This will create a new GSSHA
project with name Industrial (2).

2. Under 2D Grid Data, expand Industrial (2). Right click on GSSHAIndus
and assign GSSHADB.

3. Right click on project Industrial (2) and select Save Project File.... Save
it as C:\Training\Personal\Scenarios\GSSHA\DetBasin.prj. This will also
rename the project.

4. Check the display of the background image off (If turned on).

2.4.2 Defining the detention basin parameters

1. Import a background map which will guide you to draw an embankment
arc as well as insert a node. Browse and open file C:\Training\Scenarios\
Images\DetBasin.jpg.

2. Turn on the display of 2D grid data by checking it on. Zoom into the area
as shown in the following figure. If you cannot see the background image,
it might be because you have selected one of the index maps. In that case,
click on elevation (elev) under 2D grid Data.
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10.

11.

To define a detention basin, we need to have an embankment arc that
encompasses the detention basin and a culvert at the outlet of the detention
basin. We will insert the detention basin on the stream arc.

Under Coverages, click on GSSHADDB, to select it.

Switch to Map Module and select the “Create Feature Point
Tool” *..

Insert a node on the stream arc at the location as shown in the background
map.

Draw an embankment arc as shown in the background image as well.
Make sure you do not click on the stream or boundary arcs while
drawing the embankment arc which will end the arc at the intersection
and we do not want that happen.

Once you have inserted the node and drawn the embankment arc, turn the
display of the background image off by checking it off in the project
explorer.

In the Map Module click on “Select Feature Arc Tool” .G:) and
double click on the embankment arc. Change the type to Embankment and
click on the (...) button under the Embankment attribute selection.

Enter 2158 for a PVI Elevation and click on the Compute Vertical Curve
button. This will plot the embankment arc over the grid (See the following
figure).

Click OK and OK again.



12.

13.

14.

15.

16.
17.
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In the 2D grid module, check the elevation of the grid cell at which the
node is located. The cell elevation should be 2115.53

N

In the Map Modulem, Click on “Select Feature Point\Node Tool” /Kand
click on the node you just created. See the elevation of the node on the
properties window to the right side. The node elevation is about 2110 (it
might be little different in your case as it depends on the location of the
node you have inserted).

Edit the node elevation in the properties window so it is 2115.3 such that it
is not too far below the grid. Once you change the elevation of the node,
the stream arc profile needs to be re-interpolated so that there is no adverse
gradient along the flow direction.

Still in the Map Module and select the model to be GSSHA in the
model selection drop down box.

Select the stream arc .@) which is just upstream of the node.
Select GSSHA| Smooth Stream Arcs.. The profile of the stream arc will
be as shown in the following Figure.



2-12 GSSHA Modeling Using WMS - Volume 3
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Click and drag to zoom. Select point and drag to move the point. Right-click for more options.
Grid cell
I: J

Cell elevation Stream elesvation

Smoothing optiohs

[ Smooth stieam elevations to smoothed gnd ] [ Interpolate stream elevations ]

[ Redistribute vertices... ] [ Get stream elevation value(s) from smoothed gnd ]
l Use thalweg data... l [ Offzet stream elevations by constant.. ]

18. Drag the vertices along the stream arc upward (towards the grid) so that
there is no adverse gradient and until it similar to the following figure. Do
not click on Interpolate stream elevations button which we have been
using to smoothen the channel thalweg because doing that will change
the node elevation which we do not want.

19. Click OK

Smooth GSSHA Streams X

Fiofile of selected arcs

i

TR ETETETEEEREE
E] 100 W oW w3 . o ERE]

Click and drag to zoom. Select point and diag to move the point. Right-click for more options.
Girid cell
20 )63

Cell elevation: 2121.2517 Stream elevation | 2119.2573

Smathing aptions

[ Smooth stream elewations to smouthed gid | | Interpolale stream elevations |

[ Fedisribute vertices... | [ Giet stream elevation valuels) from smocthed gid__|

[ Usethalwegdata.. | | Difset stream elevalions by constant.. ]

20. Click on the “Select Feature Point\Wode Tool”/&and double click on the
node you created. This will open the Properties dialog. Click on the (...)
button under Hydraulic Structures.

21. Insert a Detention basin by clicking on the Detention Basin button. Enter
2115.55 for Minimum, 2115.55 for Initial and 2150 for the Maximum
water surface elevations.
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22. Then insert a culvert by clicking on Culvert button. Enter the parameters
for the culvert as shown in the following figure.

G55HA Hydraulic Structures E|
Huydraulic Structures and Curves
Detention B azin Add:
Cuilvert 1
Culvert 1 Mama
Found “ | Culvert type
20 Diamneter [m)
21183 | Upstieam invert [m)
21150 | Downstream invert [m)
0.5 Inlet loss coeff e
1.0 Loss coeff [rev. Aow) o
0o Length [m)
0.0 Manning's roughness

[ Ok l [ Cancel ]

The upstream and downstream elevations of the culvert are taken from the node
elevations of the stream arc where the culvert is being inserted. The length and
diameter of the culvert are governed by the flow rate and site condition.

23. Click OK and OK again.

24. On the data tree, right click on DetBasin and select Save Project File...
Save the project file as C:\Training\Personal\Scenarios\DetBasin.prj

25. Save the GSSHA group selecting all the 4 GSSHA projects.

This completes another scenario we are going to model.

2.5 Adding a Wet land

A detention basin might not always be the best flood mitigation alternative. As
another alternative we will add a wet land in the watershed and compare how it
reduces the flood. Restoring a wet land helps maintain an ecological balance in the
watershed and this type of solution could be preferable over a structural solutions.

2.5.1 Creating a new GSSHA project for wetland

2.5.1.1 Creating a new GSSHA Coverage
1. Inthe project explorer, under Coverages, right click GSSHAIndus coverage
and select Duplicate.
2. Rename the new GSSHA coverage as GSSHAWL.
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2.5.1.2 Creating a new GSSHA Project

1.

In the project explorer, under 2D Grid Data, right click on GSSHA project
named Industrial and select Duplicate. This will create a new GSSHA
project with name Industrial.

Under 2D Grid Data, expand Industrial. Right click on GSSHAIndus and
assign GSSHAWL.

Right click on project Industrial (2) and select Save Project File.... Save
it as C:\Training\Personal\Scenarios\WetLand.prj. This will also rename
the project.

2.5.2 Defining the wet land parameters

1.

Open the background image which will guide you about the location of the
wetland. Browse and open file C:\Training\Scenarios\Images
\Wetland.jpg

Zoom into the area as shown in the following Figure.

=
o

2-1: Location of Wetland

To define a wetland, we need to draw a polygon and define it as the wetland.

3. Make sure GSSHAWL is selected as your active GSSHA coverage.
4. Switch to the Map Module + and click on the “Create Feature Arc

Tool”ﬂ. Then draw a polygon as shown in the background image. While
drawing the arc, make sure that you do not click on the stream arc at any
location.

In this exercise we have inserted the wetland such that the stream passes through it,
but GSSHA can model the wetland both on and away from the stream arc.

5. Once you are done drawing the arc, turn off the display of background

image.

6. Select the Select Feature Arc Tool ﬁt)
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7. Select the arc you have just created and choose the Feature Objects | Build
Polygon option.

8. Click on the “Select Feature Polygon Tool” double click inside the
polygon you just created. This will open the GSSHA Polygon Attributes
dialog.

9. Select Wet Land for the Polygon Type and define the following attributes
for the wetland.

GSSHA Polygon Attributes X

Folpgon type: | wetland w

Lake Attributes
Polygon Lake [D: 77

Wetland Attributes
Fualygon Yetland [D: 77

100 Initial storage depth [mm)

200.0 Retention depth [mm]

01 Retention depth hydraulic conductivity [m/day)
500.0 Yegetation height [mm)

100 ‘Wegetation height hydraulic conductivity [m/day]
0.001] Inundated Manning's n value
& o=

2-2: Polygon Attributes Dialog

10. Click OK.

11. On the data tree, right click on WetLand and select Save Project File...
Save the project file as C:\Training\Personal\Scenarios\WetLand.prj

12. Save the GSSHA group selecting all the five GSSHA models.

2.6 Adding an Infiltration basin

This is another abatement measure that can be used as a flood control measure. An
infiltration basin is some designated area in the watershed that has a very high
infiltration rate. Let us modify one of the existing GSSHA project in order to define
the Infiltration basin.
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2.6.1 Creating a new GSSHA project for Infiltration basin

2.6.1.1 Creating a new GSSHA Coverage

1.

2.

In the project explorer, under Coverages, right click GSSHAIndus coverage
and select Duplicate.
Rename the new GSSHA coverage as GSSHAIB.

2.6.1.2 Creating a new GSSHA Project

1.

In the project explorer, under 2D Grid Data, right click on GSSHA project
named Industrial and select Duplicate. This will create a new GSSHA
project with name Industrial (2).

Under 2D Grid Data, expand Industrial (2). Right click on GSSHAIndus
and assign GSSHAIB.

2.6.1.3 Creating a new Index map

Here instead of modifying the polygons in a coverage and creating a new index
map, we will modify an index map. So that the index maps associated with other
GSSHA models do not change, let us create a copy of the ComboResidential index
map and modify it for an Infiltration basin.

1.

2.
3.

oM

Right click on project Industrial (2) in the project explorer and select
Maps.

In GSSHA maps dialog, click on Data Calculator button.

In Data calculator, double click on d6. ComboResidential dataset which
will put a symbol (d6) in the Expression box.

Enter CombolnfilBasin in Result field.

Toggle Index Map option on.

Click Compute. Click Done and Done again. This should have added a new
index map in the project explorer.

Right click Index Maps folder under project Industrial (2) and assign
CombolnfilBasin index map. Similarly, remove ComboResidential index
map from this project. Just to make sure you data tree should look
something like the following figure:
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O# Map Data
--[#Ls Coverages
O G55Ha
O Land Use
O<= Sai Tvpe
[J== GS5HARes
[O== LUResindential
O= GSSHAIndus
[O== GSSHADB
== GSSHawWL
[¥]<®= GSSHAIB
+ L& Images
[ Hydiologic Tree Data
u?g Copy of G55HAIndus Coverage T
[O-54 Hydiaulic Schematic Data
Olg GIS Lapers
[Pl 20 Grid Data
- 18 new grid
=1 Index Maps
LU
5T
Combined
LUResidential
ComboR esidential
CombolnfilB asin
elevvation [elev]
1 base
1 Residential
4 Industrial
1 DetBazin
1 WetLand
=1 Industrial{2]
.} Job Contral
! Precipitation
& G55HAIB
—- 4 Index Maps
ST
LUResidential
= Conbaniibosn.
—- 4 Continuous Maps
elervation [elev]
O 20 Scatter Data

3. Right click on project Industrial (2) and select Save Project File.... Save
it as C:\Training\Personal\Scenarios\InfilBasin.prj.

3 e [ N =y B =

2.6.2 Defining the Infiltration basin parameters
1. Turn on the display of Wetland background image (yes! we will create an
infiltration basin at the same location as the wetland). If you had deleted
the image, you can open it from C:\Training\Scenarios\Images\
Wetland.jpg
2. Zoom into the area as shown in the following Figure.
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iRt

i

3. We will now update the index map properties for the cells that lie within
the polygon shown in the background image.

4. In the data tree under 2D Grid Data, select InfilBasin project and click on
CombolnfilBasin index map to select it. This will make the background
image disappear, because the grid contours are color filled. So select
Display| Display Options. In the 2D Grid Data tab, check off the option
for grid contour (See the following figure).

I Display Options E
H Drawing Girid 20 Grid
S Lighting Options
’%: Hydrological Modeling Data o |+ CInodes == ~| [J'wetland Cells
‘.‘L Map Data . Cells | -| [ Lake Cell, Minimun Area
T4y Display Oidler —
2D G (& Smoathed ==|~| []Lake Cells. Initial Area
iid Data
@ 515 Date O Blocked || [JLake Cells, Masimum Area
—I| [ Girid Boundary == | ~| []Flow Yectars
— |~ [¥|]Embankment Ed:
L] (el Embarkunent Edges o || ClpighalDams
——-|*| [Jlnactive Cells (B E
W Indices [ Contous
aaBk| | []Elevations

Aabk| 7| []Active Scalars
Z magnification. |1.0

Background color: |-

Change *0R Coalar: —|~

Change |nactive =~
Coverage Color: —I—l

5. In 2D grid Moduleﬁ, click on Select Grid Cell tool. Then select
Edit|Select with Polygon...Click OK.

6. Now, trace the polygon as seen in the background image and at the end
double click. This will select all the grid cells that are within the polygon
you traced.
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Once the cells are selected, change the Index Map ID to 100. This is done

by changing in the properties window on the right hand side of the screen,
see the following figure:

We defined a different Index Map ID for these cells so that these will be
displayed as different field in the mapping table and we can increase the
infiltration rate for these cells.

1 WMS B.3 - [untitled.wms] =)
i Flle Edit Display Data  Grids  GSSHA  Hydrographs  Window  Help -8 %
RGN R e R B BN W NEINCON | o] - ite P 41 a8 3 O § @ units || X7 Units: Meters | Z Units: Meters
i Project Explorer 0% e (4] untited wms | | i Properties Oox
== ] 4
DI Termsin Dats ~ | BN
=0 MapData W% Property value
=7l Coverages 1812 General
D= o al
O Land Use i) TR
= Sail Type &
04 G5SHARss B
D LUResidential s
[ G55HAIndus e}
<& GSSHADE &
0= GEHawL i

A= GSSHAIB
=0 Images
HAa wetland
= g Hydiologic Tree Data
4 Copy of GSSHAIndus C
A Hydrauiic Schematic Data
O GI5 Layers
= g 20 Grid Data
=-FE new grid
= Index Maps
57
5T
LURsidertial
[2d ComboResidentia
elevation [elev]

1 Bass
1 Residential T
L Industrial
[ Dethiasin ‘
1 wetland il .
B (4615610, 4501635.0) T Froperties | Metsdsta | |

/RO T B Em e

| |

Let us now turn the ‘contour color fill’ back in. Select Display|Display
Options. In the 2D Grid Data, check the option to display contours. Zoom
in to the area and see if the cells that are within the infiltration basin are
colored differently. If not change the Index Map id for that cell to 100
again.

In the project explorer, under 2D Grid Data, right click InfilBasin project
and select Map tables...
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10.

11.
12.

13.

Switch to the Infiltration tab. Select CombolnfilBasin as the index map and
Click on Generate ID button. Select NO. This will add a new field at the
end of the list with 1D 100.

Enter the following values for this field:

Hydraulic Conductivity | 23.56
Capillary Head 4.95
Porosity 0.437
Pore Index 0.694
Residual Saturation 0.02
Field Capacity 0.091
Wilting Point 8.4
Click Done.

On the project explorer, right click on InfilBasin and select Save Project
File. Save the project file as C:\Training\Personal\Scenarios\
InfilBasin.prj

Save the GSSHA group selecting all six GSSHA models.

2.7 Adding a Buffer Strip

A buffer strip is generally characterized by very high surface roughness because it
offers resistance to the overland flow.

2.7.1 Creating a new GSSHA project for buffer strip

2.7.1.1 Creating a new GSSHA Coverage

1.

2.

In the project explorer, under Coverages, right click GSSHAIndus coverage
and select Duplicate.
Rename the new GSSHA coverage as GSSHABS.

2.7.1.2 Creating a new GSSHA Project

1.

In the project explorer, under 2D Grid Data, right click on GSSHA project
named Industrial and select Duplicate. This will create a new GSSHA
project with name Industrial (2).

Under 2D Grid Data, expand Industrial (2). Right click on GSSHAIndus
and assign GSSHABS.

2.7.1.3 Creating a new Index map

We will create a copy of existing index map and modify its IDs to define a buffer
strip. So, let us create a copy of the LUResidential index map and modify it for the
buffer strip.
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Right click on project Industrial (2) in the project explorer and select
Maps.

In GSSHA maps dialog, click on Data Calculator button.

In Data calculator, double click on d5. LUResidential dataset which will
put a symbol (d5) in the Expression box.

Enter LUBUfferStrip in Result field.

Toggle Index Map option on.

Click Compute. Click Done and Done again. This should have added a new
index map in the project explorer.

Right click Index Maps folder under project Industrial (2) and assign
LUBufferStrip index map. Similarly, remove LUResidential index map
from this project.

Right click on project Industrial (2) and select Save Project File.... Save
it as C:\Training\Personal\Scenarios\BufferStrip.prj.

2.7.2 Creating the Buffer Strip

1.
2.

~

Change the display option of the 2D Grid Data to turn off contour color fill
Open the background image which has the outline for the wetland we want
to insert here. Browse and open file C:\Training\Scenarios\Images\
BufferStrip.jpg

Zoom into the area as shown in the following Figure.

i
e

You will see an arc embedded in the background image that shows the
location of the proposed buffer strip.

Since a buffer strip has high roughness value, we will modify the Land Use
Index map. In the data tree, under 2d Grid Data, select project BufferStrip.
Click on LUBUufferStrip Index map to select it.

In 2D grid Moduleﬁ, click on Select Grid Cell tool.

Hold Shift Key in the keyboard and select the grid cells that overlay the
buffer strip arc shown in the background image. Once you have selected all
the cells release the shift key.
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10.

11.
12.
13.
14.
15.

16.

Change the Index Map ID to 200. This is done by changing in the
properties window on the right hand side of the screen

Turn the ‘contour color fill’ option back in. Select Display|Display
Options. In the 2D Grid Data, check the option to display contours. Zoom
in to the area and see if the cells that are defined as the buffer strip are
colored differently. If not change the Index Map id for that cell to 200
again.

In the data tree, under 2D Grid Data, right click BufferStrip project and
select Map tables...

In the Roughness tab and Click on Generate ID button. Select NO. This
will add a new field at the end of the list with 1D 200.

Enter a rougness value of 2.0

Click Done.

Turn off the display of background image and turn back the contour
options on.

On the data tree, right click on project BufferStrip and select Save Project
File... Save the project file as C:\Training\Personal\Scenarios\
BufferStrip.prj

2.8 Saving a GSSHA Group

We are done defining all the different scenarios we wish to compare. You must
have noticed that we have not run any of the scenarios yet. Instead of running
them individually, we will save all these GSSHA projects as a GSSHA Group.
WMS will then run each of the projects and plot the hydrograph from each
simulation in the same window so that we can compare the different alternative
abetment measures.

1.
2.

3.

In the Grid Module Eselect GSSHA | Save Group...

In the Save GSSHA Group dialog, check on all seven GSSHA models to
be saved in the group.

Although we have been saving the projects as groups, to make sure they

Group filename:

are saved properly, click on the Browse button L and save the group
as C:\Training\ Personal\Scenarios\Scenarios.ggp
Select OK.
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I Save GSSHA Group X

Select projects to be saved:

Save | Project Mame |
= base

~ Residential

= Industrial

v DetBasin

~3 Wetland

~ InfilBasin

v Bufferstrip

Group filename:

| | C\Documents and SettingsiMPALDEL. AQUAYECH Desk

OF, |[ Cancel ]

2.9 Running a GSSHA Group

Now we will run the scenarios so that we can compare the detention basin and wetland
alternatives to the modified land use.

1
2.
3.
4

5.

Select GSSHA | Run GSSHA group...

Make sure that all seven projects are selected and the path is correct.

Click OK

WMS will run all these seven scenarios and plot the outflow hydrographs
on the same plot.

Export all seven hydrographs to the spreadsheet named C:\Training\
ScenarioModeling.xls






CHAPTER 3
Long Term Simulations in GSSHA

In this tutorial you will see how to set up and run a long-term simulation in
GSSHA. You will begin with an existing project file. Long-term simulations
typically involve running several rainfall events along with the evapotranspiration
model for weeks to months. There are two key parts to running a long-term
simulation. The first is to set up the precipitation file for multiple events, and the
second is to set up the evapotranspiration model with its hydrometeorological
(hmet for short) data.

3.1 Open an Existing GSSHA Project

Open a WMS project file for the Judy’s Branch watershed. This model has been set
up to simulate a single rainfall event. We will modify the project and perform a
long term simulation.

1. In the 2D Grid Module i select GSSHA | Open Project File... Browse
and open the file C:\Training\LongTerm\Judys.prj

2. Save the project with a different name C:\Training\Perwsonal\LongTerm\
longterm.prj

3.2 Format Data for Long-Term Simulation

A long-term event typically consists of multiple rainfall events, often with several
rain gages. Multiple gage events can either be setup using WMS or using the Time
Series Data Editor which is a convenient tool developed for managing such time
series data.

Minimize the WMS window and from the Start menu of your computer, open the
Time Series Data Editor.
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3.2.1 Format the Precipitation Data

Precipitation data preparation for GSSHA involves formatting as shown in the
following figure and saving the formatted data as a gage file (*.gag).

J Precip_formatted.t«t - Notepad

File Edit Format View Help

EVENT 'Storm Event # 1°

NRPDS 439

NRGAG 1

COORD 243038 4294413

GAGES 2001 g 23 7 45 0
GAGES 2001 g 23 7 50 0.254
GAGES 2001 g 23 7 35 0
GAGES 2001 g 23 g 0 0
GAGES 2001 i) 23 i) 5 0
GAGES 2001 i) 23 i) 10 0
GAGES 2001 i 23 i 15 0
GAGES 2001 i 23 i 20 0
GAGES 2001 2] 23 2] 25 0
GAGES 2001 & 23 & 30 0

T o
Year Month Day Hour Minute Value

o

The raw data often does not come in this format and needs some processing
before it can be used in a *.gag file. Follow these steps to get the raw data
formatted:

1. Inthe Time Series Data Editor window, select File|Open.

2. Open the file C:\Training\RawData\JudysBranch\
Long_Term_Simulation\Precip_data\precip_raw.txt.

3. This will open the data into the Import File Wizard.

o) Import File Wizard

File Import Options
@ Delimited Set Column Delimiters
) Fixed Width Tab [] Space [] SemiColon [C] Comma [] Cther
[ Treat consecutive delimiters as one [ Skip leading delimiters
Start Import at Row 0 = [ HeadingRow
Read Data | Map Fields
Columnl Column2 Column3 Column4 Columr
3 #05588710 Judy's Branch ...
#Date Time Precipitation ...
# (yr/mo/dy) (hr:mn) (inches) -, Missing v...
20010823 0000 0.00
20010823 0005 0.00

4. Select Fixed Width

a5 Import File Wizard

File Import Options
1 Delimited
@ Fied Width



5.
6.

8.

Long Term Simulations in GSSHA 3-3

Make sure that you are in the Read Data tab.

Enter 3 for Start Import at Row field to clear out three lines of heading text
that is in the data. This number represents the row number from which the
actual precipitation data begins and means that nothing from the first three
lines will be imported. Leave the Heading Row option unchecked.

Click on the test area or on the spacing bar (Horizontal line with numbers
0, 10, 20 etc) at the top of data which will insert a vertical line representing
the location to separate columns.

g~ Import File Wizard -

File Import Options

Delimited
@ Foeed Width

Start Import at
Click on
this Iine\ Read Data | Map Fields
D\‘ 10 2
[l ‘ [l ‘ [l
# DSéEg?lﬂ Juéy's Branch Tri
# Date  Time Precipitation Gag
# [yrimpfdy (hymn], linches
200108823 I 0.00
200103! ' 0.00
20010323 i 0.00

Data Separation lines

If you clicked at a wrong location, you can drag the line to the desired
location. To do this click on little black dot at the top of the line which will
turn to red once selected. Then while holding the mouse down drag the line
head and move to the desired location
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Click and drag this black
box to move the line

I
H\‘ ‘
# 05588710

# Date  Time
# [wrjmpfdy)

20010823
20010823
20010883

Aanninehs

9. Make sure that you have inserted the column separators such that Year,
Month, Day, Hour, Minute and Value are in separate columns, See the

following figure.

20010823 | 0000 0.00
20010823 | 0ops | o0.00
20010823 | om0 i 0.00

PPN JHpy SOUE IS SO S

10. Then click Next which will take you to the Map Fields tab.

11. Enter the name for Time Series List as Precipitation.

12. Make sure that the data is properly separated into the columns. If they are
not separated properly, you can click Back button and modify it.

13. Now map each column as shown in the following table:

Column Mapping Data
Column 0 | Year

Column1 | Month

Column 2 | Day

Column 3 | Hour

Column 4 | Minute
Column5 | Value

14. For the Value (Column 5), enter In to define the unit and Gage 1 for the
name. See the following figure and compare your mapping:
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Read Data | Map Fields

Time Series List
Precipitation

Mapping Values

Year « |Marth * | Hour - | Minute ¥ | Value

Unte ___
*
Column 0 Column 1 Column 2 Column 3 Column 4 Column 5
’ EL - 73 ) 00 0.00

15. Click OK to close the Import File Wizard.
16. You can now see the data plotted in the form of a time series and listed as
Time Series on the project explorer.

Thursday, August 23, 2! , 2001 11:55:00 PM

17. The data you just imported is a record of precipitation over about a week's
time. Out of this data, we will exclude the times when there was no rainfall
for a considerable duration. In other words, we will need to isolate the
storms into separate events.

18. On the project explorer, click on Gage 1 and select Edit|Properties. Enter
the coordinates for gage location as Latitude = 4294413 and Longitude =
243038.

19. Make sure Incremental is selected and click OK.
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ol Time Series Properties @M
[~ -

Properties
Name: Gage 1]
Latitude: 4234413

Longitude : 243038
MNotes:

SeriesType

@ Incremental () Cumulative

Original file name:  C:\July2010TrainingRaw Data“JudysBranch
“Long_Term_Simulation“\Precip_data
“WPrecip_raw bd

Mumber of points: 2304
Minimum Value: 0
Madmum value: 0.3

Mean: 0.00233506544444444

Edit Time Series Data... ] [ Show History ]

[ ok

20. Select Tools|Split Time Series for GSSHA.

- Time Series Data Edif 0 |
File Edit Display | Tools
EHS Interpolate...

=[] Project Interpolate To Fixed Time Increment...
E| Precipitation Interpolate To Specified Time Increments...
~[VlGage 1 | Split Time Series For GSSHA
Offset By A Constant...
Shift Times...

Edit Value(s)...

Merge...

21. Enter 720 minutes (12 hrs) for the time interval, which is the duration of no
rainfall used as a criterion to separate the storms into individual events. In
other words, if there is no rainfall for 12 hours after a storm we assume that
the storm has ended.

22. Highlight Gage 1 and click button to select the data and click
Generate.



23.

24.
25.
26.
27.

28.

Thi
the
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Time Interval {Min)
70 12.00 Hours 0 50 Days
Select Time Series Selected Time Series
[Precipitation] - Gage 1
[Gaget ]

>

>

Generated Time Series Lists
<
<
Generate Cancel

This will populate a list of different events on the project explorer. All
these events are individual storms each at least 12 hours apart. Now, we are
ready to export the data as a gage file to be used in GSSHA.

Select File|Save As. Save the data as C:\Training\Personal\LongTerm\
precipitation.gag.

Click the Save button. This will open GSSHA File Generator dialog.
Toggle Convert inch to mm at the very top of the dialog which will convert
the precipitation data to mm since GSSHA requires the precipitation data
to be input as mm.

Toggle the check boxes adjacent to the three storms named GSSHA Event
1, GSSHA Event 2 and GSSHA Event 3

Click OK.

s data is now formatted properly and ready to use in GSSHA. Do not close
Time Series Data Editor yet. We will use it one more time in the following

section to format the hydrometeorological data.

In Time Series Data Editor, select File|New. Select No when prompted to save.

3.2.2 Format the Hydrometeorological Data

Hydrometeorological data are used in GSSHA to determine how the soil moisture
is affected by atmospheric conditions. The hydrometeorological data is used to
drive the evapotranspiration model which is particularly important during the time
between events when it is not raining. In the following steps we will create a file
that contains all the hydrometeorological data for the same period as the
precipitation data.

1.

2.
GS

The HMET data we will be using here is extracted from a spreadsheet
C:\Training\RawData\JudysBranch\Long_Term_Simulation\Hmet_data\
Hmet_raw.xls.
Open this file in Excel.

SHA needs the following hydrometeorologic information from this data:
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Date in "YYYYMMDD" format, Example: "20010823" is August 23, 2001
in "????z" format, Example: "0100z" is 1:00 AM zulu time, the z stands for zulu,

Hour and is needed
Barometeric in decimal value with inches as the unit, Example: "29.92"
Pressure
Relative . g
humidity in percent value, Example: "54
in 8ths of the sky that is covered, Example: "0" means no clouds, "4" is halfway
Sky Cover wg i
covered, and "8" is completely overcast
) in knots, with direction and unit label, Example: "21006KT" is wind from 210
Wind Speed

degrees at 6 knots
Temperature | in degrees Celsius, Example: "32" is 32 degrees Celsius
Direct

-2
Radiation Whm
Global 2
Radiation Whm

The Barometric pressure, relative humidity, Sky cover and Wind speed are in the
first sheet (named KBLV_Scott) where as the two radiation parameters are in the
second sheet (named Scott_radiation_2001).

3. Since the two sets of data in the two sheets have a different time scale
(although they are for the same length of time), we will have to import
these data individually to the Time Series Data Editor.

Note: If your data has the same start/finish time and same temporal resolution

(Same time steps), then you can import all the data at once.

4. In Excel, create a copy of this data by saving the workbook as
C:\Training\Personal\LongTerm\Hmet_Raw.xIs.

5. Switch to tab KBLV_Scott sheet. Delete all other column except the ones
shown in the following figure (Right click at the column header and select

delete)
A B C D E F G
) ) Temp Altimeter
Date Time Wind Sky (8ths RH%
1 ky ( ) () (Inches)
2 (20010823 |0000Z|19011KET 7 32 54 (| 23.30
3 |20010823|0100Z|20007TET 4 29 6l || 29.92
4 |20010823|0200Z|20007KET 4 27 T3 | 23.33
f |20010823|0300Z|21006KT 4 27 73 || 29.92
B 20010823 |0400Z|23007TKET 4 26 T8 || 258.93
T AT ASYI2IACAATI?ITIANATT £ TE T o Ga

6. Select File|Save as and save this Sheet as a TEXT file in C:\Training
\Personal\LongTerm\Inputl.txt. Click OK and Click Yes

7. Similarly switch to second tab in the spreadsheet (Scott radiation_2001)
and delete all other columns except the ones shown in the following figure.
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A
year
2001
2001
2001
2001
2001

AnAa

o | =

[=3]

mo day

30O 0O 00 OO 0D

C D
hr (2)

23

23

23

23

23

~

00
01
02
03
04

E

direct rad

F

total global rad
41.99586496

0
0
0
0
0

0
0
0
0

8. Select File|Save as and save this Sheet as a TEXT file in C:\Training
\Personal\LongTerm\Input2.txt. Click OK and click Yes.
9. Close Excel and bring the Time Series Data Editor back on.
10. Select File|Open and open file C:\Training\Personal\LongTerm\
Inputl.txt. This will bring the File Import Wizard.
11. Select Fixed Width
12. Specify Start Import at Row to be 1.
13. Separate the columns as shown below.

p 10 20 20 40
] ] [ ] ]

0010823 00007 11KT 54 B0

20030823 01P0Z | 200D7KT:4 29 61 29.92

20010823 02D0Z | 200D7KT!4 27 73 29.93

20010823 03007 | 210D6KT 4 27 73 29.92

20010823 04D0Z | 230D7KT: 4 26 78 29.93

Note: The Date column should be separated into Year, Month and Day. Initial
two digits in the Time column represent hours. The fourth and fifth letters on
the Wind column represent wind velocity, column Sky(8ths) is sky cover,
column Temp is temperature, column RH% is % Relative humidity and

column Altimeter(Inches) is barometric pressure.

14. Click Next

15. Enter HMET for Time Series List name.
16. Map the fields as shown in the following figure and enter the names.



3-10 GSSHA Modeling Using WMS - Volume 3

(8 import Fle Wezard [E=EER=)
File Import Options
) Delimited
© Foed Width i
Start Import at Row 1 ~! [[] HeadingRow
Time Series List
/_ |y HMET -
-
Mapping Values Year |w |[Month |+ |Day | |[Hour [+ - * | Value | - - | Value |v Value |v Walue | - IVa\ue | - | ;
Units 3 A A A
»  Names Speed HSK’V fover | Tempefature | Relativp Humidity NaEE -
S by 7 Gk G Cobmi Colm oo bng SO Codng Coumhd  Coumhin G ‘i
3 08 px] oo 0oz 180 |11 KT 7 32 54 2950 ﬂ
2001 08 23 1 00z |200 |07 KT 4 29 61 2992
2001 08 23 02 ooz |200 |07 KT 4 27 73 2953
2001 08 23 03 00z |210 |06 KT 4 27 3 2992
2001 08 23 04 00z (230 |07 KT 4 26 78 2953
2001 08 23 05 00z |220 |04 KT 4 26 78 2994
20m 08 23 08 3_Z |VRB |05 KT 7 22 8 30.00
2001 08 23 03 00Z |VRB |04 KT 7 2 88 3002
20m 08 23 10 0oz |VRB |04 KT 7 22 a8 30.04
2001 08 23 " 00Z |VRB |02 KT 7 2 88 3003
20m 08 23 12 0oz 240 |03 KT 7 22 a8 30.04
2001 08 23 13 00Z |200 |06 KT 7 23 83 3002
20m 08 sl 14 00z |VRB |06 KT 7 24 78 30m
2001 08 23 15 00Z |VRB |04 KT 7 25 3 3004
200 08 23 18 0oz |VREB |02 KT 7 28 65 30.06
2001 08 23 17 00Z |VRB |04 KT 7 27 69 30.06 il
:

17. Click OK which will bring the data into the Time Series Data Editor. You
can now see the data plotted as well as listed in the project explorer.

Similarly, let us import Input2.txt which has radiation data.

18.

Input2.txt.
19.
20.
21.
22.
23.
24.

Enter 1 in the Start Import at Row field.
Click Next

Map Columns 5 and 6 to values and enter the names.
Select OK

Select File|Open. Open File located at C:\Training\Personal\LongTerm\

All the fields are already split. So you do not have to separate any column.

In the Time Series Field Select HMET from the drop down menu.
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Vi el

Time Serizs List
R gVET]
7
Column 1 Calumn 2 Column 3 Column 4 Column 5 Column 6
Mapping Values Yea) || Mot ~ | Day || Hour - || Value * | Value -
Units
& Names Direct Rediation Global Rdiation
*
Column Column2 Column3 Columnd Column5 Columné&
» 2 23 L] 0 41.955864596
2001 8 23 01 0 ]
[2nna I - m n n

25. Now, you should have seen that the data from second input file has been
added to the same time series. Check the project explorer.

JEHS ¥ 5~

=-[C] Project
=-[#]HMET

--[¥]Wind Speed

[¥] Temperature

[¥] Relative Humidity

-{¥] Pressure (Attimeter)

-[¥] Direct Radiation

..[¥| Global Radiation

26. The data is now ready to export as GSSHA HMET data. Select File|Save
As.

27. Browse C:\Training|Personal\LongTerm and enter hmet as the name of
the file.

28. In the Save as Type field, select (HMET (*.hmt) and click Save.

29. In the HMET dialog, select the mapping parameters (eg select Temperature
time series and choose Temperature etc ) from the drop down box to match
with the Time Series names. See following figure
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Time Series List
HMET -
IR l= s
( Wind Speed Wind Speed (cts)
Skey Cover Total Sky Cover (%)
Temperature Temperature ('F)

Relative Humidity | Relative Humidity (%)

Pressure Pressure (in Ha)
Direct Radiation Direct Radiation (Whm™ 2)
4 Global Radiation

(EEEEEREEERERE

null

oo o fo L)
Relative Humidity (%)

Direct Radiation m
Global Radiation (Whm™ 2)

Make sure that the
fields in both columns
match each other

30. Click Save.
31. You may now close the Time Series Data Editor.

3.3 Setting up Long-Term Simulation

Now we will go back to WMS and set up the Long-term modeling data. First we
need to set up the Job control options to turn on long-term mode.

1.
2.

pow

B0 ~No

Select GSSHA| Job Control...

In the “Evapotranspiration” section of the window toggle on “Penman
Method”.

Enter 0.5 for Soil Moisture depth

Check the box next to "Long term simulation” in the GSSHA Job Control
Parameters window.

Click the Edit parameter... button and enter a value of 38.7696 for
“Latitude”.

Enter a value of 270.05 for “Longitude”.

For “GMT” enter a value of —6.00.

Enter 0.10 for “Minimum event discharge”.

Make the “Soil moisture depth” equal to 0.5.

. Click on the folder icon to next to “HMET Data File” to browse for the

Hmet text file you created with the time Series Data Editor. Navigate to
the file and select it. C:\Training\LongTerm\hmet.hmt.

11. Under “Format”, toggle on WES.
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Continuous Simulation [&J
L atitude: (0]}
Longitude: 270.0500 (8]}

GMT: -6.00 +/- hours
inimum event discharge: 01000 cms

Sail moizture depth: 05000 m

HMET

HMET Data File: (5
C:AJuly2010T raiming. . shmet.hmt
Format:

Samson

Surface Ainways

@ WES
[ (]9 l | Cancel |
| -
12. Select OK.
13. In the Overland Flow Computation method combo box make sure ADE is
selected.
14. Select OK.

3.3.1 Set up the Evapotranspiration Parameters

1. Select GSSHA | Map Tables...

2. Click on the Evapotranspiration tab.

3. In the drop down box next to Using index map select Land use, then click

the Generate IDs button.

4. Enter the values required for evapotranspiration using the following table:.
Land use ID 11 14 16 21 41
Land Surface Albedo 0.15| 0.22| 0.22| 0.22 0.2
Vegetation height (m) 0.08 0.1 0.5 1 17
Vegetation Radiation Coeff 0.7 0.5| 0.35 0.2 0.15
Canopy stomatal resistance (s\m) 20 20 50 86 100

5. Click Done.

3.3.2 Importing the Gage File

Next we need to tell set up our precipitation file.

NS

Select GSSHA | Precipitation...

Select Gage from the drop-down menu.

Click the Import Gage File... button.

Browse to the precipitation file C:\Training\Personal\LongTerm\
precipitation.gag, select it, and hit OK.
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Since we only have one gage, the rainfall data is spread out uniformly over
the watershed. If we had more than one gage we would pick either
Theissen Polygons or Inverse Distance weighted here in this dialog.

5. Select OK.
6. You should have seen that three coverages added in the project explorer
representing three storms.

D =] Terrain Data
—D.@ tap Data

— L Coverages
[Fa G5SHA

.[Fa G55HA Event 1

. [Fla® GSSHA Event 2

[ G55HA Event 3
=8 'FF Hydralogic Tree Data

D.ﬂ Huydraulic Schematic Data
D_ﬁ GIS Layers
| g | -

3.4 Change the Output Control

We are ready to run now, but first we will want to change some output
options. We will not want to output the data sets so frequently.

=

Select GSSHA | Job Control...

Click on the Output Control... button.

3. In the Write frequency section of the dialog, change the Write Frequency
to 60 (minutes).

4. Select OK, OK.

N

3.5 Save and Run the model

1. Save the GSSHA project C:\Training\Personal\LongTerm\ longterm.prj
2. Select GSSHA|Run GSSHA and click OK.

3.6 Results

Your results should look something like the figure below.
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CHAPTER 4
Simulating Sediment Transport

In this workshop, you will learn how to develop inputs for a sediment
transport simulation using GSSHA. You will begin with an existing
GSSHA model, the Eight Mile Creek watershed located in Wisconsin,
and add the sediment transport features to the model. The model is
currently set to run a long term simulation.

4.1 Open an Existing GSSHA Project

Open the GSSHA model for Eight Mile Creek watershed

1. Start a new instance of WMS.

2. Inthe 2D Grid Module ﬁselect GSSHA | Open Project File.
3. Browse and open C:\Training\Sediment\Base\Base.prj
4. Save the project as C:\Training\Personal\Sediment\sed.prj

4.2 Turning Soil Erosion on and adding sediment

1. Inthe 2D Grid Module Eselect GSSHA| Job Control...

2. Click on the Soil erosion option to turn it on

3. Click the Edit parameter... button next to the soil erosion spreadsheet
option
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GS5HA Job Control Parameters

Computation parameters

Tatal tine [rir): | 2000
Time step [sec) R 65

Computation method

Interception
[ Initial depth
Fietention depth

[ Area reduction

Outlet information
Columr: 56

Slope:

Evapotranzpiration

Overland flow

() Mo evaparation
() Deardaorff rmethod
(%) Penman methad

Seasonal resist.

Infiltratior
O Mo infiltration

(&) Green + Ampt with soil
moisture redistribution

Sacramento Model...

O Richard's infiltration

Edit Parameters...

Soil depth [m) 0.25

Top layer depth [m)
Output Control...

Channel routing computation scheme

)

O Mo routing

(®) Diffusive wave

(I MESH

[ Groundwater E dit parameter.. | |4

W

[ Contarinant tra...| E it parameter

™ Nutrients E dit parameter. .

™ Stormile drain | E it parameter

™ Stochastic Edit parameter.. |

™ Calbrate E dit parameter. .|

[~ Link CE-QUAL-.. v
[ QK ] [ Cancel ]

4. In the Overland Soil Erosion dialog, select Kilinc-Richardson for
Transport capacity.

5. Although you can specify as many sediment particle sizes as you
desire, typically three sediment sizes are used to describe the soils —
sand, silt, and clay. Click the Add button three times to add three
sediments

6. Fill in the Sediments spreadsheet with values from the following table:

I Particle Base output
ID | Description | Sp. Gr. Diameter (mm) file name

1 Sand 2.65 0.25 Sand

2 Silt 2.65 0.16 Silt

3 Clay 2.65 0.001 Clay

|I| Overland =oil erosion

Cormputation methods

Transpart capacity: | Engelund-Hansen

add | |

Delete ] [ Use Defaulks

Sediments
Description Sp. G | Ft. Diarn... | Sorb Affinity Base Output File...
1 Sand 2,650 0.25000 Sand
2_ Silt 2,650 016000 Silk
3_ Clay 2,650 0.00100 Clay

ak ] [ Cancel




oo

9.

10.

11
12
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Select the option to adjust the elevation by checking the toggle. If this
option is turned on, GSSHA will create an adjusted elevation map
based on erosion and deposition which can be compared with the
original elevation map to find out the areas of erosion and deposition.
Click OK to close the Overland Soil Erosion dialog

In the Job Control dialog, click on Edit Parameters... button in the
Channel routing computation scheme portion (top right corner).

Make sure the Sediment porosity is set to 0.4, the Water temperature at
20.0 deg C, and the Sand size at 0.25 mm.

. Click OK to close the GSSHA Channel Routing Parameters dialog
. Click OK to close the GSSHA Job Control dialog

4.3 Specifying Soil Erosion Parameters

Now you will specify the properties of the soils in the watershed related

to soil

aorwbhE

erosion. This is done with the mapping tables.

In the 2D Grid Module Bllselect GSSHA | Map Tables...

Click on the Soil Erosion tab.

In the Using index map combo box, select LUST as the index map
Click Generate IDs

Fill in the spreadsheet with values from the following table (Since it is
a lot of information, there is an Excel spreadsheet that already has
these numbers. Outside of WMS browse and open file
C:\Training\Sediment\ ErosionParams.xls. Copy the data from this
spreadsheet and paste into Erosion tab in the Map table dialog).

Normally you will not change most of these basic parameters. For the Kilinc-
Richardson the key parameters are the fractions of each sediment size and the
erodibility coefficient.

° 104 105 106 108 110
Sandy
Description 1 Loam Loam | Silty Loam | Row Crop SL | Commercial
Description 2
Transport coefficient 0.285 0.285 0.285 0.285 0.285
Transport index 1.3 1.3 1.3 1.3 1.3
Crit. transport capacity 0.0002 0.0002 0.0002 0.0002 0.0002
Rain splash coeff 1200 1200 1200 1200 1200
Runoff detachment coeff 0.0001 0.0001 0.0001 0.0001 0.0001
Runoff detachment index 0.4 0.4 0.4 0.4 0.4
Runoff detachment crit. shear 0 0 0 0 0
Erodibility coeff 0.0048 0.0068 0.0088 0.0688 0.0088
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Sand 0.65 0.45 0.2 0.2 0.2
Silt 0.2 0.35 0.65 0.65 0.65
Clay 0.15 0.2 0.15 0.15 0.15

6. Click Done to close the GSSHA Map Table Editor

4.4 Specify the output parameters

1. In GSSHA| Job Control, click on Output Control button.
2. Under Gridded Data sets, turn on Volume suspended sediment and
Sediment Flux.
3. Similarly, under Link\Node data sets, select Sediment Flux.
4. Set the Gridded data set output format to ASCII if it is not selected by
default.
[ GssHA Output Control =
Gridded data sets Link # Mode data zets
Data type:  General - v Channel depth -

v Charnel flav

[ Infilration rate
[ Surface zoil moizture

Sediment flus

[ Groundwater slevations

[ Incremental groundwater e ™ Flood [max] depth

[ wiater surface elev
I Pipe flow
I Pipe node depths

[ Curnulative groundwater res

m

ment flux
[~ et sediment transfer

[ Flood [max) depth
] T r

4 UL

Wwnite frequency

I Charnel velocity [avg)

™ Met sediment transfer

I Pipe node indout Ao
I Steam nitrite [NO2-]

Wwite frequency: 180 [min]
[aridded data et auput format
~ Binary @ ASCI ) GRASS I =MDF
Hydrograph Other
Wwite frequency: 180 [min) Suppress screen printing
] ) [ Strict Julian dates
Output units: @) Metric [cms)
1 Enaglish [cfz)

| oK

J

Cancel

5. Click OK and OK again.

45 Save and Run the Model

1. Inthe 2D Grid Module Eselect GSSHA | Save Project File...

2. Saveitas C:\Training\Personal\Sediment\sed.prj
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3. Inthe 2D Grid Module Eselect GSSHA | Run GSSHA...
4. Once the model is done running, click Close to read in the solution.
5. You may visualize different solution outputs.

4.6 Visualizing the results

4.6.1 Visualizing Outlet Sediment Graph

1. In the project explorer, find the solution folder for sed GSSHA
project and right click Outlet Sediment Graph. Select View
Graph.

2. You will see the sedograph plotted something similar to the

following plot.
J— o D

B 7 Sedograph —

Flow vs. Time

PEAK: 0.00009 ems TIME OF PEAK: 0.09 years VOLUME: 3.39m"3
0.00009

0.00008+

0.00007

0.00006

0.00005

0.00004

Flow (m”"3/s)

0.00003

0.00002

0.00001

il .,
I I Y Y 1 W . W Y Y B

0.00 0.02 0.04 0.06 0.08 0.10 0.12
Time (years)

o
(==}
(=]
[=)
[=]
o
e

Silt Clay Sand

4.6.2 Visualizing the TSS plot

1. GSSHA generates the TSS plot as well. To see the TSS plot at the
watershed outlet, right click Outlet Sediment TSS Graph. Select
View Graph.

2. You will see the TSS plotted something similar to the following
plot.
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4.6.3 Visualizing Sediment flux in the channel

To visualize the sediment motion in the channel network follow these steps:

1. Select Display|Display Options.

2. Select 2D Scatter Data and click on the check box for the Contours.

3. Click Options button select Color Fill for Contour Method. Click
OK

4.  Enter Radius of 15 and Z-magnification of 0.5.
5. Similarly on the left side of the dialog, there is another place to enter
Z-magnification. Enter the value to be 4.
6. Click OK.
'|1| Display Options — I — Léj‘
ﬁ Drawing Grid Scatter Point ‘
69 Lighting Options
*% Hydological Modeling D ata ] Symbols
¥ MapData a0k | [F] Numbers
4 Displap Order =
BH 20 Giid Data [ 258:]7[ 17| Data Set Values
58] 20 Scatter Data [7] Contours Radus: 15 |= Z magrification: 1.0
@ IS Data E—
[ z maﬁnilicalinn 4.0
Backgiound color —l- Al of
Change X0F Color —|~
Eovareae oy =]
f
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7. In 2D Grid Module, select Rotate button Q. and rotate the
watershed as shown in the following figure.

8. In the project explorer, under 2D Scatter Data folder, click on
Stream sediment flux and toggle through the time steps as seen in the
properties window. There are several time steps at the beginning
which will not show anything. The picture shown in the following
figure was taken at around 6\26\2002 at 2:00 pm. Most of the
sediment fluxes are associated with the runoff events, so you should
expect to see something whenever there a storm or whenever you see
a considerable peak in the outflow hydrograph.

Stream sediment f 0
scatter data set

(

PR -
SEEF LLILYY Fi

o e

9. These animations can be exported as Google Earth animation. This is
optional step and you may export .kmz animation if you want.

4.6.4 Visualizing Erosion and Deposition Map

GSSHA has produced an adjusted elevation map based on erosion and
deposition while this map is not loaded into WMS by default when the results
are read it can be loaded manually.

1. In the project explorer, under 2D Grid Data you should be able to
find new grid dataset. Right click on this new grid and select Import

Scalar Data Set. See the following figure.
DL‘ GIS Lapers
- Mg 20 Grid Data
oM

{ L Inde

: i Activate Polygon Region
L= S
L@
[ eley Data '
E“—J STDb | Convert 4
u’j F'rec| Import Scalar Data Set...

- G55

=3 Inde;

L Properties...

5 \) Display Options...

=3 Cont

Activate Selected

Inactivate Selected

Import Index Map...

Delete



4-8 GSSHA Modeling Using WMS - Volume 3

2. Inthe pop up window, select GRASS ASCII grid file and click OK.

File Formats I,&J
Generic scalar file
@ GRASS ASCH and file Cancel
Arcdlnfo ASCH grid fil —_—
relnfa grid file Help

3. Browse and open C:\Training\Personal\Sediment\sed_adj.ele. You
might need to change the file type filer to All files (*.*)
4. You can now see Adjusted Elevation data added in the data tree.

I_I.ﬂ lals Layers
- B g 20 Grid Data
. ¥IEl new orid

=3 Index Maps

-J123] elevation [elev)
--[123] sed_adj

-1 sed
..... B3 ah Cantal
5. Select GSSHA|Maps.
6. Select the Data Calculator button.
7. Double click sed_adj which will put a symbol in the Expression

field. Type or click -' (minus) and double click on elevation (elev).
The formula is (sed_adj - elevation)
8. Enter ErosionDeposition in the Result field.
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r|I| Data Calculator &Jw

Data zets Time steps

=@ new grid [ Oe/MeA0TE5zaE ]

+ -1 Index Maps

Add ta Expressinn“ Data Set Info Usze all time steps

+ " log(=] ” B | I
" Infx) ” avelxy] I
[ i |
/ " ahisfx) ” s I |
[ " ) ” tunclx,a.b) I

Help...

Expression:  d1-d39

Result: | ErosionDeposition

9. Click Compute (do not select Index map toggle)

10. Click Done and Done.

11. You should have seen a new continuous map under new grid.

12. You may now change the contour options to see the areas of erosion
and deposition.

13. Cells with negative value are the eroded cells and that with positive
value are the ones where deposition occurred.

In this exercise we did not allow the channel to erode. In reality the
channel beds also erode and the following section shows how you include
channel erosion.

4.7 Updating Channel Erodibility Parameters

In the previous exercise, we did not allow the channels to erode. Now
you will turn the channel erosion option on and rerun the model.

1. Click on Plan View macro |—\ to zoom to the full extent of the
watershed in a plan view.

2. In the Map Module, click on Select feature line branch tool

E and double click on the stream arc just upstream of the
watershed outlet.

3. In the Channel Properties dialog that opens, scroll to the right to
find Max Erosion (m) column.

4. Enter a value of 0.35 for all the channels which is the maximum
erosion depth for the channels.

5. Click OK.




4-10 GSSHA Modeling Using WMS - Volume 3
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6. In the 2d Grid Module 4 save the project as C:\Training\

Sediment\SedStrErosion.prj

Run the project.

8. Repeat the visualization you did in section 4.6 of this tutorial and
see the differences in stream sediment flux.

~



CHAPTER S
Simulating Constituent Transport

Two types of reactive constituent transport are available in GSSHA and
these constituents can be simulated as simple first order reactants. The
nutrient cycle can also be simulated with the Nutrient Simulation Model
(NSM). In either case, the overall simulation methods within the
GSSHA model are the same.

We will create a constituent transport model without soil erosion and
later add sediment transport to the model to see how the models behave
with and without sediment transport associated with constituent
transport.

5.1 Open an Existing GSSHA Project

1. In the 2D Grid Module Bl select GSSHA | Open Project File.

2. Browse and open the project C:\Training\Personal\Sediment\base\
base.prj.

3. Save the project with a different name as C:\Training\Personal\
Sediment\contam\contaminant.prj so that the original project
remains unchanged.

4. Turn off the display of all other coverages except GSSHA coverage.

5.2 Adding Contaminants

In this exercise we will assume that there is a dairy farm as shown in the
following index map which acts as a contaminant source in the watershed.
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Constituent transport can be simulated on the overland flow plane, in the
channel network including reservoirs, and in the soil column. These parameters

are defined as shown below.

1} (|
fi I
= Dairy Farm
Ezz’ .
P =i
i
I-u-- o H- R E-ﬁ

1.In 2D Grid Module, select GSSHA | Job Control.

2.In the Job Control dialog, click on the check

Transport to select it.

box next to Contaminant

GSSHA Job Control Parameters

iy

Area reduction

Help

V| Seasonal resist.

Top layer depth [ 0.25

Output Contral...

Channel routing computation scheme

Computation parameters Outlet information Infiltration
Total time fmin): 2000 Column: 56 Mo infiltration Mo routing
: t = Fro: s @ Green + Ampt with soil @ Diffusive wave | Edit Parameters...
St (el moisture redistribution MESH
Slope: 001000
Overland flow Help
Computation method Beeprlensaticton 5 acramento Madel... ™ Soil erosion Edit pararneter
ADE - W Long term simul.. | Edit parameter..
Mo evaporation . o
B Interception Richard's infiltration | Edit parameter.. L
Deardorff method Eel P I Nutrients Edit parameter. |
Iritial depth [ Stamdlile drain | Edit parameter
V| Retention depth @ Fenman method Soil moisture depth (m)  0.25 ™ Stochastic Edit parameter...
[T Calibrate Edit pararneter..

I™ Link CE-QUAL-..

Cancel

L

3.Click on the Edit parameter button for Contaminant Transport.

4.In the GSSHA Contaminants dialog that opens, click on the Add button twice

to add two contaminants and enter the following information.



Simulating Constituent Transport 5-3

r ~
[4] GSSHA Contaminants et G
Contaminarts
| add || Deete |
Description | Index Map | Precipitation Con... | Partition | Base Dutput File....
1 Mitragen l_dairy j 0.0 27 Mitragen
2 FPhoszphorous Iu_dairy j n.a 180 phozphonous J

Contaminant Tranzport Dptions

Fun Soil Contaminant Transport
Top laver depth: 0.2500 m
Mixing layer depth: | 0.0000 m

Fun Sediment Contaminant Transpaork

Note: The base output file column specifies the location of the output files
that will be generated for each contaminant. These output files will be
written in the same folder where your project files are located (in this case
C:\Training\Personal\Sediment\)

5.Check off both options for Contaminant Transport Options at the bottom of
the dialog.
6.Click Done.

5.3 Defining Contaminants in the channels

1.In the Job Control dialog, click on Edit Parameters next to Diffusive channel
Routing.

2. In GSSHA Channel Routing Parameters dialog that shows up, make sure
that Compute Contaminant Transport is checked on and enter the following
values:

e Decay coefficient; 0.0

o Dispersion coefficient: 0.0

o Initial Concentration: 0.0

3.Click OK. This will define the conditions in the channel network.

4.Click OK to close the Job control dialog box.

5.4 Defining Contaminants parameters

1.Select GSSHA | Map Tables. Values for Roughness, Evapo-transpiration,
Infiltration and Initial Moisture are already defined. Here we will define the
parameters for the contaminants. If you can recall, we had two contaminants
Nitrogen and Phosphorous defined in previous step. We will have to define
the parameters for both.
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2.Select the Contaminants Tab. In Using Index Map drop down box, select
“lu_dairy” and click Generate IDs button. This will generate 4 1Ds.

3.The last column with ID 111 is the Dairy, you may rename the description
field if you wish.

4.Enter the values in the spreadsheet for Nitrogen as shown in the following

table.
ID 7 9 13 111
Description 1 forest grass row crop dairy
Description 2
Dispersion (mz\s) 0.00 0.00 0.00 0.00
Decay (per day) 0.00 0.00 0.00 0.00
Uptake (per day) 1.00 1.00 1.00 1.00
Mass loading (kg\cell) 4499.00 4847.00 2169.00 15854.00
Groundwater concentration 1.00 1.00 1.00 1.00
(mg\l)
Initial Concentration (mg\l) 0.00 0.00 0.00 0.00
Soil water distribution coefficient 2.70 2.70 2.70 2.70
Max concentration\solubility | 5., 30 | 360000.00 | 360000.00 | 360000.00
(mg\l)
rm GSSHA Map Table Editor 3 |
Foughness Interception Fietention Evapotranspirationl Infiltration | Initial b gisture I Soil Erosion |
[
L’”"m‘ v
[ enecaillle ! Add ID Delete ID
7 N
Contaminants ( | n I
D 7 9 13 m
Description 1 Forest Grass Row Crops Dairy
Description2
Dispersion {m"2/s) 0000000 |0000000  |0.0DDDO0 | D0.000D0D
Decay {per day) 0.000000  |0.000000 | 0.0DDDO0  |0.00000D
Uptake (per day) 1000000  |1.000000 | 1.000000  |1.000000
Mass loading (ka/cell) 4439000000 | 4247.000000 | 2163.000000  15854.0000..
Groundwater concentration {mg. 1.000000 1.000000 1.000000 1.000000
Initial concentration {mg) 0.000000  |0.000000 | 0.0DDDOO | D.00DDOD
Soil water distribution coefficient \|2.700000 2700000 (2700000 | 2.700000
Max concentration/solubility {mg.1)
Help I { Impart Table... I I Export T able... I I Job Contral

5.From the Contaminant Drop down Menu select Phosphorous and select
lu_dairy as the index map. Then click Generate IDs. Use the following table
to fill the spreadsheet for Phosphorous.

ID 7 9 13 111

Description 1 forest grass row crop dairy

Description 2

Dispersion (m\s) 0.00 0.00 0.00 0.00
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Decay (per day) 0.00 0.00 0.00 0.00
Uptake (per day) 1.00 1.00 1.00 1.00
Mass loading (kg\cell) 710.00 901.00 629.00 3115.00
Groundwater concentration (mg\l) 1.00 1.00 1.00 1.00
Initial Concentration (mg\l) 0.00 0.00 0.00 0.00
Soil water distribution coefficient 18.00 18.00 18.00 18.00
Max concentration\solubility (mg\l) | 220000.00 | 220000.00 | 220000.00 220000.00

Note: More information about these parameters for the contaminants can be found

on the GSSHA wiki

6. Click Done to close the Mapping Table dialog.

5.5 Save and Run

1.In the 2D Grid Module [ select GSSHA | Save Project File.
2. Save the file as C:\Training\Personal\Sediment\contam\contaminant.prj
and click yes to replace the existing file.

3. Select GSSHA | Run GSSHA.

5.6 View Results

GSSHA generates contaminant maps for both the channel and the overland
flow for all the constituents being modeled.

1. In the Project Explorer, right-click on the Outlet Constituent Mass graph,
located below the GSSHA solution folder (the folder with the letter "S" on
it) and select View Graph. In the window that opens, you have the option to
select the contaminant you want to view.

2. Close the contaminant plot.

w

You can follow the same steps for the Constituent Concentration graph.

4. Visualize the Contaminant concentration and mass for both Nitrogen and
Phosphorous by changing grid contour options.
5. Finally, from the display options, set the z-magnification and contour
options for 2D scatter data and visualize the contaminant concentration and

mass along the channel.
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5.7 Adding Sediment Transport

turned on and click

ion is

make sure that Soil eros

on Edit Parameter
2.Check and see if all the parameters are defined according to the following

1.0pen a new instance of WMS by clicking New button or select File|New.
figure

2.0pen GSSHA project C:\Training\Sediment\contam\ContaminantWSed.prj
3.Turn off the display of all other coverages except GSSHA coverage.

Now, we will turn on the soil erosion and sediment transport in the constituent
4.In the 2D Grid Module Eselect GSSHA | Save Project File.

transport model that we developed in the previous step and see how it affects

the constituent transport.
turned on and the constituents defined. You will modify this project and run it.

To save some time, a GSSHA project is already created that has sediments
5.Save the file as C:\Training\Personal\Sediment\contam\ContamWSed.prj

1.In the GSSHA Job Control,

5.7.1 Sediment Parameters
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-
II‘ Qverland soil em&ior.l. u

Computation methods

Transport capacity: | Kiline-Richardzon - ] Adjust elevations

Sediments

| Description Sp. Grv. | Pt. Dian... | Sorb Affinity Baze Output Filen...
| 1 Sand 2.650 0.25000 Sand
2 |Sik 2.650 016000 Silt

I 3 |Clay 2.650 0.00100 Clay

’ Add ] [ Delete ] [Use Defaults

| ) [

3.Click OK.

5.7.2 Contaminant Parameters
1.Still in the GSSHA Job Control dialog, click on the Edit Parameters button
next to the Contaminant Transport option.
2.Make sure that the parameters are defined as shown in the following figure.

|I| GSSHA Contam]nan_ ' E
Contaminants
| add || Delte |
| Dezcription | Index Map | Precipitation Con... | Partition | Bagze Output File. .
1 Mitrogen Iu_dairy j oo 27 Mitrogen I
Phospharous ILi_dairy j no Phasphaorous J

Contaminant Transport Options

Fiur Sail Contaminant Tranzport

Top layer depth: 0.2500 m
Mixing layer depth:  0.1000 m
Run Sediment Contaminant Transport

3.Enter 0.1m for Mixing Layer Depth
4.Click Done and OK.
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5.7.3 Map Table Parameters

1. Inthe 2D Grid Module HH select GSSHA|Map Tables

2. Switch to the Contaminants Tab and make sure that the parameters for both
Nitrogen and Phosphorous are defined.

3. Similarly, switch to the Soil Erosion tab, make sure the parameters are
defined properly.

4. Click Done.

5.8 Save and Run

1. Inthe 2D Grid Module T select GSSHA | Save Project File.

2. Save file as C:\Training\Personal\Sediment\contam\contamWSed.prj and
click yes to replace the existing file.

3. Select GSSHA | Run GSSHA.

5.9 View Results

This will take little longer than the model with Constituents only. Once done
running, GSSHA generates contaminant concentration and mass maps for both
the channel and the overland flow for all the constituents being modeled.

1. Toggle through the time steps for both mass and concentration of the
contaminants.
2. See the outlet sediment graph



CHAPTER 6

Overland Flow Boundary Conditions in

GSSHA

So far the only source of runoff in our GSSHA models has been precipitation.
However, there is the possibility of defining sources separate from rainfall with
other boundary conditions. Two such types of boundary conditions are
hydrographs defined on stream nodes and head boundary conditions defined on
overland flow cells.

In this workshop you will learn how to define a hydrograph boundary and a
variable stage (water surface elevation) boundary condition using two separate
models. You will begin with an existing project file, modify the boundary
conditions and evaluate the differences.

6.1 Hydrograph Boundary Condition

6.1.1

This boundary condition is used if a hydrograph is input from a source
upstream of the model, for example using the results from HEC-HMS or some
other “regional” model to drive a local model where GSSHA is employed. The
hydrograph is defined in GSSHA at a node on a stream arc.

Open Existing Model

In the model you are going to simulate in this workshop, we are assuming a
hypothetical scenario where the Deer Creek reservoir upstream of Provo
breaches generating a hydrograph input into the GSSHA model, see the
following figure. Using the channel overbank option which allows flow from
the stream to “spill” onto the overland grid, we will see how the input
hydrograph floods the Provo area.
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1. Open a WMS project C:\Training\BoundaryCondition\ProvoBase.pr]j.
This model has variable overland flow roughness and variable infiltration
processes already defined. A negligible amount of precipitation is defined
because GSSHA won't run when not performing a long term simulation if
no precipitation is defined.

2. Save the project as C:\Training\Personal\Boundary\Hydrograph.prj so
that the original project remains unchanged.

3. Turn off the display of all other coverages except the GSSHA coverage.

4. In the GSSHA Job Control, select Diffusive wave for the channel
routing method and click the Edit Parameters button.

5. Toggle on Allow overbank flow option and click OK.

-
GS5HA Channel Routing Parameters ﬁ

birirnuim flow: 0.0] [z

Allow overbank flow ]

7] Outlet head BC 0.0 [m]

[ Create kot start file
Hit start filenarme: | untithed. sta

| | [l Start from hot start file

Hat start filename: | untited. sta

Channel erozion

Sediment porosity: 04

W ater lemperaturne; 200 [C]

B Sand =iza N>R Trarnl ]
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6.1.2 Defining an Input Hydrograph

1. In the Map Module, click the Select Feature Point\Node tool E and
double click on the stream node furthest upstream on the left branch. See
the following figure

Double P

Cli(;:k this’—? ”“\\

node / —
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A
\\\
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T e

2. This will open the Properties dialog. In this dialog, scroll over to the right
and select the Use Input Data toggle.
3. Click the Browse button under Define Input Data column.

[4] Properties
Feature ype: |Poirtsrodes v|  Show [Selected  v|  Fier using. Calurn: [None - [4] GSSHA Input Data 20
£
Hydrograph Define
1D [ Variable Stage BC | Constant BC_ [ Solution Resulff | Observations | Lise Input Data Defne [t Data
Al [ [I=
i a0 )
« m
Frr— pore_|

4. Click the Define button. This brings up an XY series editor where the input
hydrograph can be defined.

5. Outside of WMS open the file C:\Training\BoundaryCondition\
hydroinput.txt and copy all the data from it.

6. Return to the WMS, XY Series Editor window and paste the hydrograph
ordinates. This is a hydrograph that is being input at the node in the channel.
This hydrograph is a hypothetical scenario of the dam failure, but it can
come from any source, such as an upstream regional model or an output
from dam break simulation, etc.

7. When you paste the data in the XY series editor, the dates are not shown
and you can see a time increment of 10 mins. Toggle on Show dates at the
bottom of XY Series Editor.

8. In the Reference Time window, enter 6/7/2010 for data and 12:00:00 PM
for time. This is the time when precipitation begins (as does the GSSHA
model).
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9. Click Select. You can now see the time column replaced with date/time,
see the following figure.

DR ) -
Time Flow (cms) [~

1 [eremoizonmPM  v]00 L
2 |eremoizinmeM  v|00 3 700
3 [eaomotzanmeM v 00
PO eI R O
5 [B7m0tzanoOPM v 00 600
6 [B72M0IZE00PM v 001
7 [eremotmooorM w02 500

| R A S T
E R L e [ £
0 |B720013000PM |10 <400
B R L e R 3
2 [ean0tE M v 18 " 200
B |BAMOZOODAM  v|29
4 (60021000 v (45
8 [eramozanooM  v|152 200
B [B72M023000PM v 551
7 [eemozanoorm w73z
B [eoomozsnooPM  v|1i02 100
8 [eromoamoonrM  v|1az
@ [eromoainoM w1722 0 S T A A SR R i S SO
| 21| 6/7/2010 3:20:00 PM ~|2032 12PM  3PM 6FPM  9PM 8Tue 3AM 6AM  OAM
ER T L R EEY 7 Mon Jun 2010 Time
EN G L A E-F
EN R L e ~  CumeMame  NewCuve
9] Show Dates Selected Curve: | New Curve v [ New | [ Delie |

Help Impart. Export Cancel

10. Click OK, Done and OK to close all the dialogs.

6.1.3 Save and Run the model

1. Save the project as C:\Training\Personal|Boundary\Hydrograph.prj
2. Click Yes if prompted to overwrite existing project
3. Select GSSHA| Run GSSHA

6.1.4 Results Visualization

1. Select the overland depth datasets in the project explorer and toggle
through the time steps in the properties window.

2. Turn the stream flow bar plots on from the display options and see how the
flood wave propagates downstream.

3. You can see as the flood wave proceeds downstream along the stream, it
overflows the bank and inundates the flood plain.

4. You may wish to export the flood animation into Google Earth.

6.2 Variable Stage Boundary Condition

In this workshop you will create a variable stage overland flow boundary
condition in your GSSHA model. For the hydrograph boundary condition, you
entered an inflow hydrograph at a stream node and let the GSSHA flood the
downstream grid cells. In this case you will put water directly onto the grid cell
and let it flow overland on the grid. The condition we are simulating here is a
coastal tidal surge.
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6.2.1 Open Existing Model

We will simulate the effect of the storm surge from hurricane Ike on Galveston
Island, Texas. The tidal surge data were obtained from the NOAA tides and
currents website. You will begin with a developed GSSHA model in which
you will update the boundary conditions and run.

*_ Virtoal Earth Map Locator m@@
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Map Locanor Map Corack:
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e pan [ et | —= [ Rt | Zoom [ - ][

(O] — =
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2.
3.

4.

Open the GSSHA project  C:\Training|BoundaryCondition\
GalvestonBase.prj. This model has variable overland flow roughness
defined where as the infiltration is turned off. A precipitation of 10.5 mm\hr
is defined for one day. We are going to simulate a large overland flow and
in such cases the amount of water that infiltrates is negligible by
comparison.

The model currently does not have a flow boundary condition.

Save the project as C:\Training\Personal\Boundary\Overland.prj so that
the original project remains unchanged.

Turn off the display of all the coverages except the GSSHA coverage.

6.2.2 Creating an Embankment

1.

2.

Open the topographic map for Galveston located at C:\Training\
BoundaryCondition\Galvestontopo.jpg.
Zoom into the area as shown in the following figure:
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3. SWltch to the Map Module. With the background lmage and the following
picture as a reference, create an embankment arc for the levee surrounding

76

’ san @7 JACINTO )

“Tower

OoLD FOR‘Q

Fodioe="

OId Fort San Jacmto located on the north side of Galveston Island.
|

Embankment
arcs

4. You should have seen in the background map that there is a dotted line that
represents a Levee. Just trace the embankment arc along that line to form a

polygon around the protected area.

5. Make sure that you do not intersect the embankment arc with the
watershed boundary.

6. The second embankment line that runs to lower left corner (representing a
sea wall) should not intersect the embankment arc on the top.
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7. For each of the embankment arcs double click to change the type to
Embankment and click on the Browse button under Embankment.

8. In the Embankment Arc Profile Editor dialog, enter 6 for PVI elevation and
click Compute Vertical Curve. This will set embankment height to 6 meters.
Do this for both arcs.

Embankment Arc Profile Editor ﬁ

[ Conform Are to Grid ] [Compute Curve Length] [Compute Wertical Eur\-'e] [ Offset Arc ]

Wertical Curve Parameters

I 1] P4l Elervation oo # Back Tangent Grade [left]
FR22 5176820529 Curve Length 0o # Forward Tangent Grade [right)
= ok (o]
4

6.2.3 Creating Boundary Arcs

The boundary arcs are used to define the variable surge boundary condition
that flows directly into the cells overlapping the arc. In this model, we will use
the watershed boundary arc, so the arcs are already there but currently the arc
representing the boundary is a single arc. We need to break the arc so that the
variable head can be defined only on those locations where the storm surge
occurred. You break an arc by inserting a node at the desired location.
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Bay Side

Insert Nods here \ : / Insert Kade here

Gulf Side

Insert Node hee

1. Create a node at the start point and end point of the Gulf Boundary arc as
shown in above figure.

2. Similarly, insert a node in the start point and end point of the Bay
Boundary arc as shown in the above figure. Include a node in the middle
where the watershed outlet is located.

NOTE: You do not need to draw an arc, they are already there. The

arcs are shown in the above figure to show which arcs are used to
define the boundary condition.

6.2.4 Entering Variable stage data

1. Select the arc(s) on the Gulf Side and set the arc attributes to variable
stage (water surface elevation) under the Flow BC type field.

r N
P r
[4] Properties - P E
Feature ype: | Arcs v|  Show [Selected  v| Fiter using Eulumn.
Walue:
[n] Tupe | Groundwater BC ISP sl | e i 0115tant BC | Solutio
All j Wariable stage [water surface elewvation]
. 5615 | Generic j Generic Wariable stage [water surface elevation] 0.
7 Generic j Generic “Wariable stage [water surface elewation]

4 1 +

2. Click on the Browse button under the Variable Stage BC column and enter
the Galveston Pleasure Pier storm surge time series into the XY series
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editor. The time series can be found in C:\Training\Boundary\
PleasurePier.txt.

3. Similarly, select the arc(s) on the Bay Side and set your arc attributes to
variable stage (water surface elevation) and enter the Galveston Pier 21
storm surge time series into the XY series data editor. Get the time series
data from C:\Training\Boundary\Pier21.txt.

6.2.5 Save and Run the model

1. Save the project as C:\Training\Personal|Boundary\Overland.prj
2. Click Yes if prompted to overwrite existing project
3. Select GSSHA| Run GSSHA

6.2.6 Result Visualization

1. Select the overland depth datasets in the data tree and toggle through the
time steps in the properties window.
2. You may export the flooding animation to Google Earth.

Pelican/island »



http://ce531.groups.et.byu.net/syllabus/homework/gsshaflooding/GulfStage.txt
http://ce531.groups.et.byu.net/syllabus/homework/gsshaflooding/GulfStage.txt
http://ce531.groups.et.byu.net/syllabus/homework/gsshaflooding/BayStage.txt
http://ce531.groups.et.byu.net/syllabus/homework/gsshaflooding/BayStage.txt

