Watershed Analysis Lab — Homogeneous, Gaged W ater shed

The most common use for the TR-20 modd is for the prediction of pesk discharge
behavior involving heterogeneous weatershed conditions or storage. In some ingtances, it
is desired to consder the homogeneous case where the watershed has no subdivision.
The homogeneous case assumes that the behavior of runoff is the same throughout the
watershed. Thisisusudly not agood assumption, especidly for larger watersheds,
because the potentid for runoff, represented by the curve number, is known to vary
gpatialy. Nonetheless, the peak discharge predicted by TR-20 for an undivided
watershed can serve as a basdine estimate to compare other dternatives with varying
degrees of subdivisions and variations in other model parameters.

The andyss presented in this [ab will involve the development of a TR-20 models for a
homogeneus watershed. The watershed will have a USGS stream gage located at its
outlet and it’s predicted peak discharge will be compared with that of the flood-frequency
peak discharge reported by the gage record. The lab isintended to dowly walk through
the process of developing the TR-20 modd using the Gl SHydro2000 software, for the
amplest of cases. The next watershed andysis lab will feature a more complex
combination of subdivision, channd routing, and calibration techniques.

Task

Edtimate the pesk discharge resulting from the 5-yr storm for the Northwest Branch
Watershed located in Montgomery County, Maryland under 1997 conditions. The
watershed outlet is located exactly at USGS Stream Gage No. 01650500 near Randolph
Road. Determine the peak discharge using the USGS regiond regression equations and
compare this vaue with the peak discharge predicted by TR-20. Assume that the
water shed conditions are homogenous.

Step One— L ocate Outlet and Salect Quads

Note: The following Section describes how to find an outlet location to estimate which
guad sheets are needed. |If the quad sheets are already known, skip to the section below
titled “ Selecting Quads” .

The location of the watershed has been given at USGS Stream Gage No. 01650500 above
Randolph Road. The Maryland View contains themes ussful for finding this location.
Select the theme cdled “MD Mgor Roads’ and make it active, so that its legend “pops
out” from the other legends. Open the Query Builder sdecting the Query option from the
Theme Menu. The window on the left lists the field namesin the MD Mgor Roads

theme attribute table. The window on the right of the query builder lists the unique
vauesfor each fidd. Sdect the“Update Vaues’ check box and build the following

query by double-clicking on the [Hwynamg] fidd, sdlecting the “=" rdation, and

scralling through the vaue ligt to find Randolph Road.

( [Hwname] = "RANDOLPH RD' )



":." MD Major Roads

Fields

[Rpol]
[Length]
[Fjr-rds_ztpdt]
[Pjr-rdz_stp-id]
[Hwyname]
[Clzc]
[Statefipz]

"RaVEN ROCK RD"

[ [Hwyname] = "RaHDOLFH RD" |

"RED RUM BLWD" “‘I
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W Update Values

= | MNeww Set I

AddToSet |

= Select From Set |




Once the query expression istyped, pressthe “New Set” button to select Randolph Road
from the MD Mgor Roads Theme. With the selection made, now we can zoomin to the
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selected area by pressing thel2241 button (Zoom:-to-selected). When this button is pressed
View window will zoom to the extent of the sdected Randolph Road, which will be

colored yellow.

Based on the location of the Road, use the 1:250k DRG theme (Balt. 1:250K DRG) to
edimate the overdl sze of the watershed (you may have to turn off, or re-order some
themesto see it drawn correctly). Let's assume that we have identified the quads which
cover the drainage area of the Northwest Branch in the generd facility of Randolph
Road. They include:

Kennsington
Bdtsville
Clarksville

Sandy_Spring
We will now use the Select Quads Dialog Box to sdlect these quads.
Selecting Quads
While in the Maryland View, open the Select Quads Dialog Box using the“ Q” button
from the button-bar. The Didog box will open. Sdect the four quads above from the

aphabeticd list or visudly using the pick tool. The quads are located just North of the
northern-most part of Washington, DC. The graphic below shows the sdected quads:

"L" GISHydro2000 - Select Quadrangle(z] for Hydrologic Analysis |
40 Quads Available 4 uadz Selected Pick Toal
abbttstown ﬂ zandy_zpring [
aberdesn clarkswille

) ) Select DEM Data

accident Add beltzville

i . | 30m DEM= =]
airville kenzington
Handns Select Landuze Data
amaranth 11997 MOP Landuse =]
anacoztia Select Soilz Data
annapaliz =] E | Ragan Soil: x|

® S5SURGO soilz data NOT COMPLETELY awailable for zelected quad.

(DEM Froceszing Farameter Hydrologic Condition———

[+ PFefformn Processing. W Bum Steamsz, | 3004

Enter Threzhald Area [pinelz] I 250 Haset

Apply | Cancel




Select Data Types

The best resolution data available in GISHydro2000 is the 30m USGS DEMs which we
have resampled to 100-ft cdlls. Usethis datafor thisexample. We want to mode the
predicted pesk discharge for the watershed under homogeneous conditionsin 1990.
Select 1997 M OP L anduse from the land use pull down menu. For soils data, select
Ragan Soils. Note that awarning message has appeared in the center of thedidog. This
isinforming the user that, for the SSURGO data, there is only partid availability for the
sdlected quads. Thisis because only 12 of the 23 Maryland counties are availablein
SSURGO format &t present. (in this case, Prince George's County is unavailable
SSUGRO format.) If you are confident that the watershed you will later ddinegte is
within the bounds of this data, you can proceed with SSURGO. But, if your watershed
extends beyond the limits of this data, you will be forced to go back and select a different
soilsdatatype. Thiswarning system aso applies to watersheds that extend outside of the
State. In cases where the selected quad is completely outside of the State or a SSURGO
county, data choiceswill be removed from the soils and land use pull-down menus.

Select Processing Options

The last step before closing the Sdect Quads Didog box is to set the desired processing
options. In order to delineste streams and watersheds, the “Perform Processing”
checkbox must be checked. The “Burn Streams’ checkbox is recommended to be
checked to insure that the aignment of the extracted drainage network corresponds with
known locations from the 1:100k blue lines. Thethreshold drainage areain pixels
controls the extent and amount of streams to be extracted from the DEM topography. A
high vaue (>1000) will provide less sreams while alow vaue (<250) will produce many
streams. The default value of 250 corresponds roughly to the extent of the blue lines
vigble on a 1:24k topographic map.

There are two hydrologic conditions to choose from: good and fair. These conditions
control which curve number lookup table will be used when creating a curve number

grid. “Good” isthe default. When dl data selections, data types, and processing options
are complete, press apply to begin the data extraction and processing process.

A word about processing time

For this example, we have selected four quad sheets. For an average PC, processing will
take 3-4 minutes. For asingle watershed, processing typicaly takes 1 minute. During
the processing stage, you will see alittle blue bar move rapidly back and forth on the
ArcView Window. Thisisnormad. During the processing phase, ArcView determines
the flow directions and flow accumulations for each cdl in the combined grid (the four
quads are extracted from the database and merged for the DEM, land use, and soils
layers.

The Area of Interest View
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When processing is complete, anew View will be crested limited to the extent of the four
quads. ItisfromthisView that al further stepswill teke place (the Maryland View is
closed automeatically, but remains part of the gishydro.apr project.)

Step Two — Delineate Water shed

In step one we showed hoe to use the Query Builder to locate feature within a particular
theme. Since we know that the outlet of the Northwest Branch Watershed is located at
USGS Stream Gage No. 01650500, we can use thistheme to find our outlet point.

Load USGS Gage Network

To locate the gage, we must add the USGS stream gage network to the current view.
Sdect the “Add Theme’ option from the View Menu. Use the file browser to locate the
file usgsgages.shp located in the umdgigmaryland directory:

@ Add Theme

Dhirectary: ] c:hurmndgizhmanland ok |

B rmj-rds_stp _ﬂ = -] B
B quads23+3.shp [= umdgis

& 113 stp

B statesshp £ info

B statzgo_all shp £ limestone

B tifrectangles.shp £ lu3dstpft % Directonies
: E - " Libraries
Data Source Tupes: Dirives;
I Feature D ata Source =] I o B

Now, make the gage theme active and open the query builder, asin step one. Insure that
the “update fidds’ box is checked, then build the query:

( [Gage_id] = "1650500" )

Note that the leading “0” in the gage is not entered. Select the “New Set” button then
close the Query Builder box. Now repest the procedure described in Step One to zoom to
the selected feature, in this case agage. Make sure the theme isturned on (visible). You
should see the sdlected gage colored ydlow. Thiswill be the watershed subdivison

point.
Delineate the Watershed

Zoomtin to the selected gage and arrange the themes so that the “Inferred Streams’ theme
isturned on and visble. Note that the selected gage is not shown directly on the drainage

network. ThisisOK. Usethe tool to select the pixd (sdect the tool from the
toolbar, then click on the pixel in the display window), on the inferred streams, nearest to



the selected gage. The watershed will be delineated after some processing is complete.
Use the zoom+-out feature to adjust the view extent to the boundary of the watershed. The
delineated watershed should ook like:

&3
Lhy

ﬂ Inferred Streams _..:J :

ﬂ AN aters hed

ﬂ Uzgsgages.shp
L]

ML Quads

D Roads

. ..

Outlets

Stre am Link=

Curve Number

Sails

[

Step Three— Calculate Basis Statistics

With the watershed now ddineated, we now want to determine its relevant basin
getigics. From the Hydro Menu, select Basin Statistics. The following Dialog box
should appear.

";‘ W atershed Statistics

Cutlet Location: Piedmont _ﬂ
Drrainage Area 21.2 square milez
Channel Slope: 21 feet/mile

Impervious Area; 20%

IMPERWIOUS AREA IN WATERSHED EXCEEDS 15%.
Calculated dizcharges should be modified wsing
1S5GS Urban Eguations.

Time of Concentration: 4.9 hours
B azin Relief: 149 feet

Average CM: il
% Farest Cover: 27
% Storage: ]

% Limestone: 1]




Note the warning message indicating that the watershed contains more than 15%
impervious area. This suggests that the Urban regression equations should be used. At
the time this manua was written, the USGS Urban equations are not included with
GISHydro2000. But, the equations use the same basin statistics. Vaues of drainage
area, basin relief, etc. should be noted or written out to afile

Step Four — Calculate Peak Dischar ges

After the Basin Statistics have been calculated, the next step is to caculate the peak
discharges. Sdlect “Caculate Discharges’ from the Hydro Menu. The pesk discharges
are caculated in conjunction with their appropriate confidence intervals. For the case
when a stream gagesis located within +/- 50% of the drainage area of the watershed
outlet, the predicted peak must be adjusted by the gage record. In this case, adidog box
appears requesting us to salect a gage for adjustment. Select 0160500 and press OK.
After some processing, the following didog box will appeer:

":." U.5.G.5. Peak Flow Eztimates

Geographic Province(z): ﬂ
-Fiedrmont [100.0% of area]

Q2 1200 cfs

GQEE 2181 cfs

Q0 3051 cfs

Q28] 4432 cfs

QA0 5642 cfs

QU100 7024 cfs
Q(500]: 11250 cfs

Areaweighted Prediction [ntervals [fram Tazker]
Return  SOPERCENT E7 PFERCEMT 90 PERCEMT S5 PERCENT
Period loveer  upper  lower  upper  lower upper  lower  upper
2 1200 1330 170 1370 1110 1440 1020 1480
4] 2120 2450 2060 2540 1910 2F20 1850 2820
10 3020 3880 2900 3730 2EV0 4060 2RAO 4240 b
25 4550  BEOO 4340 BBA0 3920 BR10 3F20 BAEVO
50 EOED  FESO 5740 8020 5120 9050 4820 9610
100 7H950 10300 F480 10900 EBEOO 12400 B120 13300
800 14500 1930013500 21500 11600 25000 10600 27200

|ndividual Province T asker Analyses Follow:
Flood frequency estimates for

REGIOM: Piedmont redgian
area= 21200 forest = 27.00:skew= 053 -ﬂ

Ok
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Aswith the Basn Statigtics, the discharges shown in the above didog box can be output
to afile.

Step Five— Ddlineate M ain Channel and Subwater sheds

Ingpection of the drainage network (the Inferred Streams theme) shows that there are a
large amount of short, stream branches that extend from the main stream ssgments.
These features are not typicaly seen on a 1:24k blue line coverage and are an artifact of
the channel extraction process.

Gl SHydro2000 chooses as the default to subdivide the watershed at al stream confluence
points. Asyou can see, thiswould result in an extraordinarily large amount of

subdivison. It istherefore necessary for us to modify the stream network to a more
smple case. For our purposes, we wish to mode the watershed as a Single, homogeneous
one with no subdivisons.

Select the Etool from the tool bar and click on a point somewhere near the upper
divide of the watershed. Y ou will see asingle flow path delineated from the point you
clicked on to the watershed outlet. \We will choose thisflow path as out primary channel
segment. Note that this segment isn't necessarily the longest flow path in the watershed.
That path will be determined later.

From the CRWR-PrePro menu, sdect “Add Streams’. This option is necessary to
incorporate the delineated stream in the stream network. The following box appears:

Add new streams to extracted stream network I

ez Uze traced and threshald streamsz
Mo ze only traced streams.
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Sdect NO to use only the single stream segment. The modified stream network 1ooks
like

’L‘ Area of Interest - Sandy_spring and others.

s

| Modified Outlets
ﬂ fModified Streams
| Stream Link=s

| Addasstreams.shp

ﬂ AN atershed
2

[ JNoData

ﬂ Usgsgages.zhp
L ]

| MO Quads
7 MD Roads

| Curve Humber _'_I IR T -1;_"
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Subwatersheds

The next step isabit of amisnomer for a homogeneous watershed, but is nonetheless
necessary. From the CRWR-PrePro Menu, select delineate subwatersheds. In our case,
we have only asingle flow path with asingle outlet. Asaresult, only one subwatershed
will be produced; the origind watershed.

The raster stream and watershed are converted into new vector themes: subrivs.shp and
subsheds.shp, respectively.  Future processing of the model will be based on these
themes.

Step Six — Calculate Attributes

From the CRWR-PrePro menu, sdlect the “ Cdculate Attribute” option. This step will
determine the length of the longest flow path and time of concentration for the watershed.
A choice of time of concentration methods will be presented. Select SCS Lag formula
which caculates the t; as afunction of dope, CN, and watershed length. A diaog box
will appear notifying you when the processing is complete.

Step Seven — Gener ate Schematic

Once processing is complete, select the “ Generate Schematic” option from the CRWR-
PrePro menu. This option will trandate the watershed and stream theme (and their
attributes) into a schematic format which can be trandated into TR-20. The generated
schematic should look like the figure below. Hydrologicaly spesking, a runoff
hydrograph is generated for the watershed at its center and is transposed to the outlet (not
trandated in time or routed).

J Area of Interest - Sandy_spring and others.

ﬂ symp2S.shp =
L ]

ﬂ symBES=shp

_ | LongestFlowFath

ﬂ subrivs.shp
ﬂ subsheds shp

| Subwatersheds
_ | Modified Outlets
Modified Streams

Stream Links _Li

Step Eight — Confiqure TR-20 Control Pane

Once the schemétic is created, the TR-20 model can be setup for execution. Open the
TR-20 control pand from the TR-20 Interface Menu. Sdlect aname and location for the
TR-20 input file to be generated and dso for the output file that TR-20 will creste. Enter
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the optiona Job and Title header information, which will be written into the TR-20 input
file

"L‘ GISHydro2000 - TR-20 Control Panel

TR-20 Input/Output File Location
[nput File: | cohbermphbi20in. dat

Olutput File: I c:htempitr20out, dat

Chooze

Job and Title Informatior
Job: IGISHydr02DDD Workzhop

Title: I Marthwest Branch Homogereous 1330 Conditions

Standard Control Duput Ophion:
¥ &pply Output Options Onlw to Watershed Oultet,
v Peak Discharge [ Elevation [ Save hydiograph to file
™ Hydiograph ™ Vaolums [¥ Summary Table

E xecutive Control Optiorn:
tMain Time Increment: {01 | hre  Stating Time: [00 | e

Compute Sequence: [ &l From: I i I
Rainfall

0 oad Table * Design Starm [ Type | =
Depth [425 in Duration [240 his  AMC:[Z =]

ok i Cancel I

Because thereis only one subwatershed, leave the “ Apply Output Options only to
Watershed Outlet” box checked and sdlect any additiona output values desired.

Set Simulation Parameters (Executive Control)

The default time increment and staring time are recommended in most cases. The
compute sequence can be specified directly if only potions of a complex watershed are to
be andyzed.

Theranfdl parameters are typicaly based on the 24-hr design sorm (Type ) for
Maryland. Therainfal depth corresponding to the 5-yr return frequency is 4.25 inches.
When dl of the smulation parameters are s&t, press ok. The following Diaog appears
indicating thet the inpuit file has been created:

"L TR-20 Interface

Procezsing Complete. TR-20 [nput file writken bo;
o itemphtr20in. dat
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Step Nine— Execute TR-20 M odel

To execute the TR-20 model for the current watershed select the Execute option from the
TR-20 Interface Menu or smply press Cntrl+E. Y ou will be asked some questions
related to TR-20 logging. Findly, when asked, select yes to execute the TR-20 modé.

Step Ten — Evaluate and Compar e Results

TR-20 will execute automaticaly and return the generated output file in Notepad for
review. The output fileis shown below which reports that the peek discharge for the 5
year storm is approximately 1177 cfs. The pesk discharge predicted by the USGS
regression equations was 2181 cfs, adifference of —46%. In consdering the computed
confidence intervas, the TR-20-predicted discharge does not fal within any level. Itis
rational to conclude that the assumption of homogeneity for the Northwest Branch is
probably not vaid.

ﬂ tr20out_dat - Notepad Hi=] E3
File Edit Search Help

1 FY
TR P e e e e e B e R o R R B daadaadds SCS -

GISHydro2888 Workshop UERSIOHN

B3/ 18/ == GISHydro2888 Workshop 2 _B4TEST
89:27:30 PASS 1 JOB NOD. 1 PAGE 1
EXECUTIVE COMTROL IHCREH MAIH TIME IHCREHMEHT = .188 HOURS

EXECUTIVE CONTROL COMPUT FROM KSECTION 3 TO KSECTION 3

STARTING TIHE = il RAIN DEPTH = 4.25% RAIN DURATION = 1.88
ANT. RUMOFF COHWD. = 2 MAIN TIHME INCREMENT = .188 HOURS
ALTERHATE HO. = 1 STORM HO. = 1 RAIN TABLE HO. = 2

OPERATION RUNOFF KSECTION 3

PEAK TIME(HRS) PEAK DISCHARGE{CFS) PEAK ELEVATION{FEET)
25 .15 1176.7 {RUNOFF)

=l

105



