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| ntroduction

ArcHydro is a common ArcGIS geathbase modébr storing geospatial and temporal hydrologic

data in a structural mannék.geodatabase or data model is different from simulation models (eg.
HEC-RAS, HEGHMS, and SWAT) because it does not simulate or model any phgsical
environmental ppcessesA data model is just a framework for storing data in a standard format.

A data model is like a book shelf or a computer folder where books or files are organized in a
specific way depending on their content, use and other factors. In a geoelamaloies$, the data

are organized in specific feature classes, with each feature class having specific fields, and some
of the feature classes are linked depending on their links in the hydrologic system. For example,
a stream gauging station is linkedatparticularriver reachwhich is then linked to the
watershedThe objective of this exercise are to (@pply ArcHydro schemto an empty

geodatabase; (b) populate the new ArcHyglrodatabaseith NHD (National Hydrography

Dataset) stream netwqgrwatershedboundary and USGS gaging statioft) build a hydre

network for tracing water, and (dse ArcHydro toolbar tpopulate some ArcHydro feature
attributes.

Computer Requirements

You must have a computer with windows operating system, and the follpwaggams
installed:

1. ArcGIS 9.1(with Arcinfo)

2. ArcHydrotools (version that works with @),

Make sure thé\rcHydro tools (version that works with 9.2re installed on the system. There
are lots ofArcHydrotools available on the internet. The versioattis used in this tutorial, and
the installation instructions are available at the following link.
http://web.ics.purdue.edu/~vmerwade/education/archydro_tools.zip

You will need to have administrative access to install these tools.

Data Requirementsand Description

The data files used in thexercise consisif NHD data fa Cedar Creekn northeast Indiana
which include stream network,3GS gaging station location, wagked boundargnd water
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bodies. Although the data are provided with this exercteesteps involved in downloading the
NHD data from the USGS website are descriipetthe following document 1

http://web.ics.purdue.edu/~vmerwade/education/ned_nhd.pdf

It is highly recommended that you go through the exercise of downloading the data to make
yourself aware of the procedure involva@the St. Joseph River data downloaded from th®©NH
websiteareclipped for the Cedar Creek area using the Cedar Creek watershed boundary.

Downloadthe data fronhttp://web.ics.purdue.edu/~vmerwade/education/archydro.zip

Unzip archydrazipin your working directoryThe unzipped data should contain two files:
NHD_stjoseph.mdfgeodatabase) containing the data and
ArcHydroFrameworkWithTimeSeries.xauntaining the ArcHydro schemahe ArcCatalog
view of the data foldewith expandd view ofNHD _stjoseph.mdhnd its featured datasess
shown below(Note:tables and relationship classes are not shown)

=27 Data

L——_IG MHD_stjoseph, mdb

=55 Hydrography

) HYDRO_MET

=] HYDRO_MET_Juncions
&= WHDArea

] MHOFlowline

-] MHDFlowline_cedar
-] MHDLine

-] MHOLineEventFC
=] WHDPaint

=] MHDPaint_cedar

=] WHDPaint_cedar_snapped
=] WHDPoinkEventFC
=] MHDWarerbody

=] mHDWaterbody cedar
=5 HydralogicUnits

= Basin

- [= region

-[H subbasin

-[H subregion

= subwatershed

= watershed

= watershed_cedar

All feature classes that hafiecedao suffix are clipped to the Cedar Creek watershduch is
stored in Watershed_ceda&Ve will use only these feature classes in creating the ArcHydro data
model.NHDFlowline_cedarcontains the stream netwolKHDWaterbodycedarcontains water
bodies NHDPoint_cedarcontains gaging stationsHDPoint_cedar_snappezbntains the same
data inNHDPoint_cedar but these points are snapped toNtDFlowline_cedaro createa
network.
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Getting Started

Create an empty ArcHydro geodatabase by applying ArcHydro schma

Open ArcCatalog In your working folder create an empty geodatabase named
Cedar_ArcHydro.rdb. To do thisright -click on your working folderselectNewA Personal
Geodatabaseandnameit asCedar_ArcHydro.mdb

=3 Data

+ g Copy  Chrl4C

X

X Delete
Renarme F2
3 Refresh
3 eobr
@B Search... ) File Geodatabase

G Personal Geodatabase

AN P

|
Properties. ..

Next, we will applythe ArcHydroschema t&Cedar_ArcHydro.mdbrhe schema is stored in the
ArcHydroFrameworkWithTimeSeries.xfi. You should be able to see the xml file from ArcCatalog.
Double click on the xml file to open the document in a web browser.

‘3 C\Working',georgia’ ArcHydroFramework WithTimeSeries.xml - Microsoft Internet Explorer pro - by CRWR o=
File Edit View Favortes Tools Help o
) - QBack - ¥ B 0| Psewch JoFaveies & | (- L B - ) |
Address |£| C:\WorkingigeorgialArcHydroFrameworkivithTimeSeries. sl ﬂ Go | Lirks *
Y_’ - & ﬂ[saarthwd: I-Iﬁv B | Dmail » @My vahoo! I Games » R Personals = »
. | . B
- «esri:Workspace xmins:esri="http:/ /www.esri.com/schemas/ArcGIS/9.0"

zrlns: xsi="http:/ fwww.w3.org /2001 /XMLSchema-instance"
Amins:xs="http:/ /www.w3.org/ 2001/ XMLSchema"s
- «WarkspaceDefinition zsi: type="esri:WorkspaceDefinition">
<\WorkspaceTypesesriLocalDatabaseWorkspace</\orkspace Types
<Version /=
= <Domains =si:type="esri:ArrayOfDomain”>
- =Domain zsi: type="esri:Coded¥alueDomain"=
<Domaindame=TSDataType</DomainMame:
<FieldType=esriFieldTypelnteger</FieldTypa>
zMargePolicy>esriMPTDefault Value</MergaPolicy>
<SplitPolicy=esriSPTDefaultYalue</SplitPalicy
<Description />
<Owner /=
- <Codedvalues xsitype="esri:ArrayOfCoded¥alue">
- «CodedValue xsirtype="esri:CodedValue"=
<Mame=Instantaneous</Name:
<Code #sirtype="xs:int">1<,/Code=
</Codedvalues
- <CodedValue usi:type="esri:CodedValua"=
<Mame=Cumulative</Mames
<Code xsiitype="ss:int">2</Code>
«/Codedvalues
- zCodedValue xsi:type="esri:Coded¥alue"=
<Mamez=Incremental</MNames
<Code xsi:type="xs:int">3«</Codex =
P
a | ;’J




This xml file describes the feature classes, tables, fields, and relationships definefiraHtydro with
Time Serieschemaasdescribedn Chapters 2 and 7 of tecHydro book.

To apply the schema to the empty geodatabase just created (Cedar_ArcHydnigimio)ick on the
geodatabase arsglectimportA XML Workspace Document

l:l Daka
5 CECI.L.. I T Iy
& HI Copry ChrH-C
[ arc IR paste bl
= Delete
Rename Fe

.C' Refresh

= »

Feature Csss(sngle)..

Expork 3 Eeature Class {multiple). ..

EJ Compact Database Table (singls)...

ﬁ Search... Table (mulkiple). ..

Disconnected Editing P

Raster Datasets, .,

Raster Datasets (mosaic). ..

*#A Properties. ..
i % ML Morkspace Document., ,

Choosethe Schema Onlgption,browseto theArcHydroSchemaWithTimeSeries.fitd, andclick Next

Import XML Workspace Document 2x|

Thiz wizard lets pou impart data and schema from an <ML to gendatabaze.

Importing data to; 2 SworkingWenkateshiClazzes\GIS_HuedrologyhdrcHydiohDatahcedar_ArcHywdro.

YWwhat do pou want ba import:

" Data
&+ Schema Only

Specify the #ML zource to import:

1D atahbrcHydroFramewarkisfith Times enes. sml = |

< Back I MHext = I Cancel




In the next window, where you see the names of different feature clelgdeginish, and you should see
a progress bar importing the schema to the new geodatabase.

After the schema is inguted,selectthe working directoryrefresh ArcCatalog bypressingF5, andlook
atCedar_ArcHydromdlRef r eshi ng ArcCatalog is important,
structure applied t€edar_ArcHydro.mdkExpand Cedar_ArcHydro.mdland thefeature dataset inside

it to see the names of feature classes that can store various types of hydrologic data. It also has
relationshipslydrojuctionHasMonitoringPointMonitoringPointHasTimeSerie$ STypeHasTimeSeries
etc.) and tables. Notice the struiet of the geodatabase, different symbols that represent feature dataset,
feature classes (points, lines, and polygons), relationships and tables.

G cedar_ArcHydro.mdb
|_—__|J-E'j.| ArcHydro

2] HydroEdge
%] Hydrodunction
----- ) HydrolunctionHasMonitoringPoink
----- T HydrolunctionHas\Waterbody
----- T HydrolunctionHas\Watershed
oy HydroMetwark
=] HydroMebwork_Junctions
El MonitoringPoint
B waterbody
=] Watershed
----- E_hu MonitoringPointHasTimeSeries

TimeSeries

TSTvpe

----- E_hu T5TvpeHasTimeSeries

To previewattribute table of any feature class]ectthe feature class, and aght handsidewindow of
ArcCatalog,selectthe Previewtab. At the bottom of this tabhooseto preview theTableinstead of
GeographyYou will notice that there are no features in the feature class, but the feature class has
ArcHydro attributesiydrolD, HydroCode etq.

The next critical step after a new geodatabase is created is to insurprihfagracoordinate systeis
defined for the datdf you right -click on ArcHydrofeature dataset, arsglectthe Propertiesmenu, you
will see that the spatial reference asated with the schema is already applied to the newly created
feature dataset.
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Feature Dataset Properties ﬂ il

General |

M are: I.ﬁ.rcHyer

— Spatial Reference

Dezcription:

Projected Coardinate Systemn: ;I
Marne: HAD_ 1983 UTM_Zone 1EM

Geographic Coordinate System:
Marme: GCS_Morth_Amencan_1983

Kl _"I_I
I~ Show Detals Edit.. |

Ok I Cancel | Apply |

We will leave this coordinate system unchanged becaisapplicable totlte Cedar Creettata If the
coordinate system needs to be changed, you can press the editdndtdafine/import appropriate
coordinate system, but we will skip this step in this exercise, and adopt ttiefimed coordinate system.

Now we have aempty ArcHydro geodatabase fGedar Creekvith an appropriate coordinate system
defined. The nexttep is to populate this geodatabase with some data. In this exercise, we will populate
HydroEdgewith NHDFlowline_cedar MonitoringPointwith NHDPoint_CedarHydroJunctionwith
NHDPoint_cedar_snappetVatershedvith Watershed_cedarandWaterbodywith Watkerbody cedar

Loading data into ArcHydro database
The emptyCedar_ArcHydro.mdhllready has an empty geometric netwidgidroNetwork

<&y Hydronetwerk i the ArcHydrofeature dataseHydroNetworkis formed fromHydroEdgeand
HydroJunctiorwhich are also empty. To have fe@s inHydroNetwork we need to add data to
HydroEdgeandHydroJunctiorfeature classes. BecaudgdroNetworkis linked toHydroEdgeand
HydroJunctionfeature classes, it will not allow adding features to these feature classes so it is necessary

to delee the network, populate data itydroEdgeandHydrJunction and then rebuild the network.

Go ahead andeleteHydroNetworkirom ArcHydrofeature dataset. Now, we are ready to import data
into ArcHydro.

In the ArcHydro feature datasg@hside Cedar_Addydro.mdb),right -click on HydroEdge LoadA Load
D at d&lféhelLoad Data button inactiveou probably forgot to delete HydroNetwoiBtlete the
HydroNetwork, and then righdlick).



=8 5 cedar_ArcHydro,mdb
=5 ArcHydro
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..... E‘-hl:l Hydr

%] Moni Analyze...

Wake

Create Laver...

Wake
----- 2 Maritari Expart b
-5 Timeseri
-[EF] T5Tvpe SR EYInD, ..

oh
----- TSTypet
T .ype Load 3 Load Data...

EEI---G MHD _stjoser _
..... [x] ArcHydroFra W eview(Rematch Addresses... 9| Load #ML Recordset Document. ..

1 Properties...

In the Simple Data Loadewindow, browseto NHDFlowline_cedarfeatureclass inNHD_stjoseph.mdb
click Add(to add the data to List of source data to load window)tlzevaclick Next

—

Simple Data Loader x|

Enter the source data that you will be loading from. Chck &dd to add it to
the list of zource data to be lnaded. ¥ou can laad fram multiple data setz in
the zame operation if they share the zame schema.

[nput data
pdroh D atabMHD_stjozeph. mdbsHydrograpby S HDFlowline_cedar @I

Lizt of gource data to load

Add | Eemove |

¢ Back et = I Cancel |

Keep the defaults on the next windgyou do not want to load the data into a subty@égk Next.

On the next window, make one chan§etthe matching source field fétydroCodeto beComiD.In
ArcHydro, theHydroCodeis the permanent public identifier of the feature that was assigned by the
agency that created it. TiydrolD is an internalArcHydro identifier that is assigned by tecHydro



tools and is used for relatidfgcHydro features to one another and to time seasciated witthem.
TheComlIDis a unique identifier for NHD features, so it makes sense to use thiskgdite€Code Click
Next

Simple Data Loader x|

Faor each target field, zelect the source figld that should be loaded into it

Target Field Matching Source Field ;I
HydralD [int] =Mane=
HydroCode [=tring] ||:::|:-rnIIZ:I [irt]
FeachCode [string] FeachCode [=tring]
Matme [=tring] GMIS_Mame [string)
Lengthim [dauble] Lengthkh [double]
LengthDowwn [doukble] =Mone=
FloweeDir [ird] FloaDoir [int]
FType [=tring] FType [int]
EdgeType [int] =Mone= j
-

Reset |

< Back I Mext » I Cancel

Leave the default optiofLoad all the source datapchanged on the next window, adlick Next
Click Finishon the summary windoto completehe data load.
Once the process has completediresh your geodatabase (Hit i® ArcCatalog. You should see the

HydroEdgefeature clas populated. You can see the features irPtegiewtab by using th€&eography
view.



Jtylezhest:
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= ArcHydro
%] HydroEdge
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----- 5%, HydroJunctionHasMorit
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- EE] TimeSeries
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Now let usload features intblydroJunctionfeature classRight-click on HydroJunctio®, LoadA Load
Data. In the simple data loader windotwowseto NHDPoint_cedar srappedfeature class in
NHD_stjoseptmdh click Add and therClick Next Setthe matching source field fétydroCodeto be

StatioriD, click Next andthenclick Finishto complete the data import.

x|
For each target field, zelect the zource figld that should be loaded into it.
Target Field Matching Source Field il

AncillaryREole [shott int] =Mane=

Enakled [shott int] =Maone=

HydrolD [int] =Manes=

HydroCode [ztring] b
MestDoveniD [int] =Mane=

LengthDawen [doukble] =Maone=

DrainAres [doukle] =Mones=

FType [=tring] FType [int]

Similarly load data frofNHDPoint_cedato MonitoringPoint feature class in Cedar_ArcHydro by

-l

matching HydroCodeto StationID, andNameto GNIS_Name




Simple Data Loader x|

For each target field, zelect the zource field that should be loaded intao it.

Target Field Matching Source Fisld iI
HydrolD [int] =Mane=
HydroCode [=tring] StationlD [=tring]
FType [=tring] FType [int]
Matmne [=tring] GMI=_Mame [string]
JunctionlD [int] =Mone:=

Next, load data fronNHDWaterbody cedan NHD _stjoseph.mdio Waterbodyfeature class in
Cedar_ArcHydrdoy matching ComiDto HydroCode Nameto GNIS_NamgandAreaSgKnto
AreaSgKm

Simple Data Loader x|

For each target field, zelect the zource field that should be loaded into it

Target Fieldd hatching Source Field ﬂ
HydrolD [int] =pane=
HydroCode [=tring] |I:I:-:|mIIZ:I [irt]
FType [=tring] FType [int]
Matne [string] GMI=_Mame [string]
Areazgkim [double] AreaSghom [double]
JunctionlD [irt] =Mane=

Finally load data fromWateshed cedarfeature class iklydrologicUnitsfeature dataset in
NHD_stjoseph.mdto Watershedeature class iedar_ArcHydramdbby matchingNamefield to
HydroCode

Now, letusbuild the geometd network (HydroNetwork) using the HydroEdge and HydroJunction
feature classes.

Building the HydroNetwork

InsideCedar_Archydro.mdlright -click on ArcHydrofeature dataset, arsglectNewd, Geometric
Net wor k é

1C



= a Cedar_ArcHydro.mdb
=& ArcHydra
Hyn Copy Chrl4+C
H'}.l'l

T, Hin #5 Delete

o Hw Rename Fz

o

Wie 8' Refresh
W'z
Timese

o
=4 T5Type ) ]
- a MHD_stiose Impork b F Relationship Class. .,

= Ep Hydroc Export [
oy Hyl
[Z2] Hvi
Topology...
MH El 1opal
MH

MH
MH W Eroperties Palygon Feature Class From Lines. ..
MH ) Geometric Mekw

Thi s | aBuildcGeansetricdNetWiork Wardd t o hel p you create a networ
classes in a feature datas€lick Next

Becauseve are building the network fromydroEdgeandHydroJunction chooseBuild a geometric
network from existing feature€lick Next

:-:ijl__:BuiId Geometric Metwork Wizard ﬂ

How do you want to build your geometric network?

+ Build a geometric network from existing Features

This option allows wou ko seleck wour Feature classes, create
complex edges, select a snap tolerance, and add weights.

™ Build an empty geometric network

This option builds an empty geometric netwark ko which you can
later add Feature classes,

Help |

The nextwindow enlists feature classes in the ArcHydro feature dataset that can be incorporated in the
network.Check only HydroEdgeandHydroJunctiorandenter the name for the network as
HydroNetwork Click Next
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=-==:jl__:BuiId Geometric Network Wizard x|

Select your feature classes and network name
Select the Feature classes you wank to build your netwark, Fram:
HydroE dge

Hydrolunction
[] ManitaringPaint

Select all |
Clear all |

Show Unawvailable Feature Classes. .. |

Enter a name For wour netwiork:
IHyerNetwnrk

Help | < Back | Mext = | Zancel |

For Do you want to preserve existing enabledues? ChooseYes andClick Next

=-==:jl__:BuiId Geometric Network Wizard x|

Do you want to presenve existing enabled values?

&l netwaork Features are initially enabled unless they belong ko a Feature
class that has a field called ‘Enabled',

" Mo

Enable all network Features, This will disregard any atkribute
walues in the field called ‘Enabled",

% Yes

Preserve existing attribute walues in the field called ‘Enabled’
Ireealid atkribute values in thak Field will be reset to the enabled
skate,

Help |

For Do you want complex edges in your netwofkRRooseY esto allow complex edges in
HydroEdge Click Next ArcHydro uses Complex Edges so that Junctions can be added
anywhere along the lengths of the edgesmpB Edges require the edge to be split when a

junction is added. Edge and Junction are terms used in ArcGIS to signify lines and points
that participate in a geometric network.
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=-==:jl__:BuiId Geometric Network Wizard x|

Do you want complex edges in your network?

Edges can be attached ko a complex edoe without splitking the complex edge.

" Mo v ¥es

Select the Feature classes you want built as complex edges;

Select All |
Clear all |

Help | « Back | Blexk = | Zancel |

ChooseYesfor Do your features need to be snapp€tifis is not redy necessary here because
the point is already snapped t oClitckHNexEl owl i ne s

=1 Build Geometric Network Wizard x|

Do your features need to be snapped?
Line ends and junctions rusk match up precisely for Features ko

conneck, IF they do not match up they can be moved within the
lirits of the snap tolerance.

" MNo {* Yes

Snap kolerance:
f0.000027675

Select the Features that can be moved:

I®EH ydroJunchion Select Al |
lear all |

Help | < Back Mexk = | Zancel I

Click Nextfor remaining windows.

(Note: Although not required for this exercise, but if a HydroJunction has to be used a
Source/Sinkdr a network (point where the network originates/drains), then the HydroJunction
feature class must be selected inBlees your network have sources or sinksdow).
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You have just created a geometric netwovikhat this means is thlhes are transfornteto
network edges, edges meet at points called juncf{téydroNetwork Junctions, in this case)
and the connectivity of lineand junctions is defined by an internal data structure callegical
model(as distinct from thgeometric modedf the linesand edges which defines where they are
located in geographic space).

Look in theArcHydrofeature datasetA new icon and new feature classes are adithed
HydroNetworknetwork and its accompanyittydroNetwork_Junctions

=7 Cedar_arcHydra.mdb
=5 ArcHydro

& HydroEdge
--[=7] HydroJunction
----- '?_E. HydroJunckionHasManitaringPaint
----- 2 HydrolunctionHaswaterbody
----- 2+ HydrolunctionHaswWaker shed
: HydroMetworl
22 HydroMetwork_Junctions
48] MonitoringPoink
-[E] waterbody
-JE Watershed
--[EE] TimeSeries

-[EE] T9Tvpe
----- '?_E. TSTwpeHasTimeSeries

CloseArcCatalog We ae done with ArcCatalog part of the exercidew letuslook at the
network in ArcMap assign attributes, andgse the Utility Network Analyst to do some cool stuff
with HydroNetwork.

Open ArcMap, and save the documentashydro.mxdor whatever name yolike) in your
working directory.

In the main toolbampressthe Addbutton 7 | browseto theArcHydrofeature dataset in
Cedar ArcHydro.mdbselectHydroNetworkandclick Add Three feature classes associated
with HydroNetwork HydroEdge HydroJunction andHydroNetwork_Junctionill be added to
the map document.
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EF=;
= HydroJunction
@

=] HydraoMetwark_Junctions
@

=l HydroEdge

- X- T AR Rl THoNCl

. [l

Turn -off the HydroNetwork_Junctionfeature class byn-checkingthe box next to it (do not remove the
layer from the map).

+
o

HydroNetworkEdges can be of two typaslowlines (EdgeType =)land Shorelines (EdgeType = 2).

To set theHydroEdgego be Flowlinesstart the Editor, andselectHydroEdgeas the feature class to be
edited Right-Click on theEdgeTypattribute andselectCalculateto get the Field Calculator, asét
EdgeType=hAs shown bel ow in the FdgeTyddelgoésdran baingo r .
<null>tofi 1 0 Flowlined)as required.
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=10l E B Helc

j—-EI-E-E-E £ Sort Ascending
=Mull= _
2l £ Sort Descending
T SuUmmarize. . .
| =M= E Calculate Yalues. .,
Nl S o apistice.
_qNu"p Field Calculator ﬂﬂ
=Mull=
_qNuII: Fields: Type: Funchions:
=Mull= gE‘JEETlD |E= 'y Mumber itl:'ns[[ ]]
ape
Enabled " Shing Ei;{ }
HydrolD .
HydroCode " Date rr:::[[ ]]
ReachCode Log( ]
Marmne :
Sinl )
Lengthkm Sarf ] j
LengthD ovwn
FlanaDir
FTupe o J ; | 5 |
EdaeTvpe ;I J
+ - | = |
EdgeType = [T advanced
1 ﬂ Load... |
. |

Savethe edits, andtop editing.

The first step in analyzing any network is assigning fitmections. Before w analyze the network, lesu
set the flow direction othe edges. AINHDFlowlinefeatues have flow direction already assigned to
them and stored iRlowDir attribute. Let 8 use thé-lowDir attributes to set the flow direction. Wellwi
do this by using tharcHydrotools. It is assumed that ArcHydro tools are already installed on the
computer Add the ArcHydrotoolbar to the map document bglectingViewA Toolbarsh ArcHydro
Tools

In the ArcHydrotoolbar, selecNetwork Toolg, Set FlownDi r ect i on é

Metwork Tools * | Apltilities = ':i L

Data Management Mebwork Tools

Hydro Metwork Generation

ModefLink Schema @eneration

Stare Flow Direction, ..

Set Flow Direction, ..

In the Set Flow Directiorwindow, selectHydroEdgefor LayersandUninitializedfor Select Flow
Direction. Checkthe Assign based on attributgption, andchooseFlowDir field. Click OK.
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£ Set Flow Direction ]

— Lapers — Select Flow Direction

Select All | {*  Uninitialized

= with Digitized Direction

" Againzt Digiized Direction

" Indeterminate

— Select Attribute

v Assign bazed on athibute

Cormman Flow Direction Field

1] 4 | Help | Eancell

Click OK on the flow direction completion messamex. The flow directions are now assigned to
HydroEdgefeaturesWith flow direction assigned, thdydroNetworkcan now be used to trace water
flow. Savethe map document.

(Note: If the FlowDir field in NHD data is not assigned or-initialized, no flow drection is assigned by
ArcHydro to these lines and these lines will participate in some of the ArcHydro attribute tools such as
next downstream or length to watershed outlet.)

Network Tracing

Add the Utility Network Analystoolbar byselectingView” TodbarsA Utility Network Analys{Do not

get confused with Networ k Anal.VheUtility NdteorkmrAeatyst A Ut i | i
toolbar should identify the network in the map document, and shyaroNetworkin the Network

combabox.

Utility Metwork Analyst ﬂ

Metwark: N HywdroMetwork Flow ‘?‘—__L | Analysis = L= Trace Task: IFind Cormman Ancestors ﬂ Ve

With flow direction already definedglectFlowA Display Arrowsto see the flow direction in the
network.

Flows = %. | Analysis =

Display Arrows For B

ﬂ Cisplay Arrows

Properties...

You should see the arrows displayed on the network.
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ArcGIS takes longer time to display the network with the arrows turned on. This may not be aitissue
a small dataset used for this exercise, but we will still turn it off for a better display. On the utility
network analyst toolbaclick on FlowA Display Arrowsagain to turn the arrows off. Now les perform
tracing along the network

Before perbrming the trace, we will set some analysis options. On the utility network analyst toolbar,
selectAnalysiyOpt i ons é

fnalysis ™ ﬂj |

Disable Lavers

Clear Flags

Clear Batriers

Clear Resulks

Cpkions. ..

In the Analysis Optionsclick on theResultg¢ab, andchooseSelection for Resulfermat. Leave other
options with default valueslick Apply, and therpressOK.
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x|

Generall Weightsl Wweight Filter | Results

— Results format

Return results az
" Drawings

[T Draw individual elements of complex edges

| |" Trace tazk result calor

&+ Selection

— Fesults content

Reszultz include:;
&+ All features
" Features stopping the trace

F theze results include:
¥ Edges
v Junctions

After the analysis option is set, the next step is setting flags/barriers along the network to perform traces.

Flags and barrierimdicate wiere the trace should start and st@gpectively. ThG‘E icon after the
Analyss menu places the flags and barriers. There are four options:

R | Analysis b |: Trace Task: IFind Cormon &
|

Junction flag .-?i L dge flag
»

Junction barrier Edge barrier

Junction flags and barriers are placed at junctions, while edge flags and barriers are placed along edges.
LetGs perform an upstream trace on the network from the most downstraatiojuin the study area.

Trace upstream task helps to identify all the upstream reaches that are contributing to the flow at a given
location along the stream network.

Zoom-in to the watershed outlet area (by us,,@a button),selecttheedge flag angut it on the most
downstream edge, just upstream of kyelroJunctioras shown below:
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EdgeFlag

o

Setthe Trace Task tdrace Upstream

Trace Task: |Find Common Anceskars j

Find Common Ancestors
Find Connected

Find Loops

Find Disconnected

Find Path Upskrean

Find Path

Trace Downstream

|Find Upstreamn Accurnulation

Pressthe Solve buttonﬂ on the network analyst toolbar to perform the trace. The program will take
few seconds to trace thehole network upstream of the flag, and show the results as selected features.

Zoom to the full extent (by usinj. button) to see the entire upstream features selected by the trace
task.

Unselectthe HydroEdgefeatures byight-clicking on the layeandselectingSelectioy, Clear selected
featuresirom the ArcMap windowSavethe map document.

Now we will perform another trace task (Find Path). The find path trace helps find connection between
any two points along a stream network, which is usefaéloulating distances, travel time, efoom-in

to an area upstream of the watershed,@ack another edge flag as shown below (leave the downstream
edge flag untouched):
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Changethe Trace Task tBind Path andpressthe solve button.

Trace Task: |Find Path j

s==————==Find Comman Ancestors I
Find Connected
Find Loops

Find Disconnectked
Find Path Upstream

Trace Downskreann
Find Upstream Accurmulation
Trace Upskream

Zoom to the full extent, and you will the program has traced the path between the two edge flags.
w —
T
H_’\’\'\yj
%\/

Unselectthe HydroEdge features. Now we will perform a downstream trace task. The downstream trace
task helps to trace the flow from any point in the stream nettedhe sinkClear the existing flags by
selectingAnalysi#\ Clear Flags
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Analysis - -Jf__ * T

Disable Lavers

Clear Flags

Clear Barriers

lear Fesults

Opkions. ..

Placean edge flag along any edge in the upstream areahamgiethe Trace Task tdrace Downstream

Trace Daownstream TI

1Find Cammaon Anceskars
Find Connected

Find Loops

Find Disconnected

Find Path Upstream
|Find Path

Trace Downskrearn
Find Upstream &ccumulation
Trace Upstrean

The program will select all the edges downstream of the flag (incltigingdge that contains the flag).

@?\L/)f

%
%:(

Wow, we can do lots of cool stuff once a HydroNetwisrkuilt! Now, let 18 use ArcHydro tools to do
some more cool stufClear network flags, andavethe map document.

H

Rt

Applying Hydrologic Attributes using ArcHyd ro Tools

In thissection we will explore the attribute tools available with the ArcHydro toolbar. Since we will use
MonitoringPointandWatershedeature classesdd them to the map document (by using the add button)
because we need to assign them Hifpiso

SelectAttribute Tool#y Assign HydrolD
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Akkribute Tools = Mebtwork Tools *  Apltilities

Data Management Attribute Tools

Assign HydrolD

We will assign HydrolD to all feature classes in the map document. ksttign HydrolDwindow,
pressSelect Albutton,chooseNo for Overwrite Existing HydrolDandApply to All features click OK.

£ assign HydrolID x|

Layers j

b ap

— Layerz

— Owenwrnte Existing Hydrol D

f* Mo = Yes
—Apply to
" Selected features % Al features
1] 4 Help Cancel

AssigningHydrolD should take a couple of seconds (for this exertiséipish. Click OK on the process
completion message.

HydrolD is a unique identifier for all features in a geodatabidgdrolD is used to establish relationships,
which means one &ure class can be linked to another feature class, feature classes can be linked to time
series, etcOpenthe attribute table of one of the feature classes (by right clicking on the feature class, and
selectingOpen AttributeTable..) to see thdydrolD field populated as shown below (Note: The

HydrolDs shown in the table below may or may not match with your Hydrol®okayif your

HydrolDs are different from the ones shown here):
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B Attributes of HydroJunction - 0| x|
OB.JECTID* Shape* |AncillaryRol| Enabled HyrdrolD* HydroCode | HextDownlD Leng
1 [Point =Mull= True 1 (4180000 =Mull= =Mull=
< Ef Attributes of HydroEdge - 10| x|
OBJECTID* Shape* Enabled HydrolD { HydroCode | ReachCode Hame Le =
oz 403 Polyline M True 165 (15679173 | 04100003000 =Mull=
404 |Palyline k True 169 (15679035 04100003000 | =Mull=
405 |Palyline k True 170 (15679103 04100003000 Cedar Creek
406 |Palvline k True 171 115679149 04100003000 | =Mull= _ILI
4 3
Record: ill" ] _Plil Shu:uw:l All - Selected | Records [0 out of 163 Selected ] Options v|

Notice how the HydrolD is unique across all feature classes ifartitdydrogeodatabaséhis is a
critical feature ofArcHydro which does not exist in core ArcGIS.

Closethe attribute table, arshvethe map document.

Now let s assign From/To Node to HydroEdge features. Owtbelydrotoolbar,selectAttribute
ToolsA Generate From/To Node for Lines

Attribute Tools ™ Mebwork Tools ™ Apltilities =

Data Management Bktribuke Tools

Assign HydrolD

Generate From)To Mode For Lines

SelectHydroEdgefor Line, andclick OK.

’” Generate From,;To Mode for Lines

Line IH_I,u:IrDE dge

1] 4 | Help | Cancel |

Click OK on the process completion windo@penthe attribute table fadydroEdge andlook at the
FROM_NODEandTO_NODE attributes. These attributes store the topologioahectivity between

lines in case you want to use that in an application program outside of ArcGIS (this connectivity is used
in the preprocessing programs for the HEC models). The numbers assigned are not G&sHEIN D

or HydrolD.
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3 Ll ey droEdae _io] x|
LengthKm |LengthDow| FlowDir FType EdgeType | FROM_HODE | TO_HODE g
0.133 | =Mull= WithDigitized |460 B 1 1 2
4 584 | =hull= WithDigitized |460 1 3 q
2.234 | =hull= WithDigitized |460 1 5 E
2452 | =hull= WithDigitized |460 1 7 g
1.643 | =hull= WithDigitized | 336 1 9 10
0.239 | =hull= WithDigitized | 336 1 1 12
2431 |=Mull= WithDigitized |460 1 13 14
0.204 | =mull= WithDigitized | 555 1 15 16
1.465 | =kull= WithDigitized |460 1 17 18
N &ns [=hi k= WlthDinitiredd [4R0 1 10 7P hd
4 ek
Record: ﬂllll 150 _Plﬂl Show; W Selected | Records [0 out of 169 Selected.]

Now let s find next downstream line for each feature intlyelroEdgefeature class. On thircHydro
toolbar,selectAttribute Tool#y, Find Next Downstream Line

Aktribute Tools = Mebtwork Tools > ApUtilities =

Diaka Management akkribute Toals

Assign HydroID

Generate From To Mode For Lines

Find Mext Downstrean Line

SelectHydroEdgefor line, andclick OK. After the process is completismissthe message box, and
open the attribute table fadydroEdge

=10] x|
LengthDow| FlowDir FType EdgeType | FROM_HODE | TO_HODE | HextDownlD g
k| =Rlull= WithDigtized |460 1 1 2 247
=Mull= WithDigtized (460 1 3 4 202
=pMull= WithDigtized |460 1 5 & 211
=Mull= WithDigitized | 460 1 7 g 179
=pMull= WithDigitized | 336 1 9 10 214
=pMull= WithDigtized | 336 1 11 12 255
=Mull= WithDigtized |460 1 13 14 330
=pMull= WithDigtized | 555 1 15 16 222
=pMull= WithDigtized |460 1 17 18 263
- =hlll= VAR it | AR 1 10 an 25 b
Fecord: EILII 1 _I*Iil Shiow: W Selected | Fecords [0 out of 169 Selected. ] C

TheNextDownlDattribute for eactidydroEdgefeature is thédydrolD of the downstream feature.
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Now, let s calculate the downstream length (distance to the watershed outlet) for Hétizfas the
Length in KilometersLengthKmcomputed for each network edge. ArcHydro, this was inherited when
the NHD data were loaded into ArcHydro at the beginning of the Exe(biste: If you are working with
a larger dataset, assigning downstream distance may take severtso rur)

=10/ x|
ReachCode Hame LengthKm LengthDown FlowDir FType «
k |041000023000287 =Mull= 0133 EMull= Witk Digitized | 460
0410000300077 2 =Mull= 4 584 f=rull= WithDigitized | 460
041000030001 24 Cedar Creek 2234 Erull= WithDigitized | 480
041000030007 95 =Mull= 2452 EMull= WithDigitized | 460
041000030007 76 =Mull= 1643 =Mull= WithDigtized | 336 e
| _"I_I

4
Recard: ﬂllll 1 _Flﬂl Shaw:lﬁ Selectedl Recardz [0 out of 169 Selected. ] Options v|

On theArcHydrotoolbar,selectAttribute Toolg, Calculate Length Downstream for Edges

Attribube Tools = Metwork Tools = Aplkilities
Caka Management Atkribute Tools

Bssign HydroID
Generate FramTa Mode Far Lines
Find Mext Downstrearn Line

Populate DrainArea for Drainage Line

Calculate Length Dovenstreann For Edges

SelectHydroEdgefor Layers andLengthKnifield for calculating lengths.
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Click OK. Dismiss the final message box, dadk at theLengthDown field. LengthDowrfield gives the
distance in kilometers from eattydroEdgefeature to the watershed outl8avethe map document.

Now, let ts assign some network attributes to lhy@roJunctionfeature class. On th&rcHydrotoolbar,
selectAttribute Tool#, Calculate Length Downstream for Junctions
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